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Publishable abstract 
 
This note accompanies the release of an updated and upgraded version of the MICA Expert 
System Main Ontology for environmental and social dimensions, which is the second 
deliverable of the task T3.4, entitled 'Representation of environmental and social dimensions' 
of the ORAMA Work Package 3. 
 
Task T3.4 has to deal with two major categories of data: (i) spatial data and numerical values 
which can be displayed through a map viewer, and are generally stored in databases and thus 
called ‘structured’ data2, and (ii) non-spatial data, which include all types of data and 
information coming from reports, article, etc., with various formats and that are called 
‘unstructured’ data. Spatial datasets could be related e.g., to air and water pollution, ecosystems 
and biodiversity or soil contamination, or employment, health and safety, etc., and non-spatial 
data related, for example, to sustainable mining, the social licence to operate (SLO), and the 
corporate social responsibility (CSR). 
 
Regarding the latter datasets, the spatial representation is obviously not appropriate (and in most 
of the cases impossible), and their detection and exploitation has to be made in another way. 
The approach implemented in the H2020 MICA project really makes sense and deals with the 
development of an ontology-based Expert System for Raw Materials, which already takes into 
account the environmental and social dimensions. By navigating this ontology using a Dynamic 
Decision Graph (DDG), the system allows contextual research and the discovery, exhibition 
and exploitation, and the combination of knowledge – including that related to environmental 
and  social dimensions – for answering questions that may be complex.   
 
Task T3.4 was, therefore, subdivided into two main actions each having their own deliverable: 
 

1. Action 1, dealing with structured data. A review of the datasets identified from the 
detailed inventories made in WP1, considering (i) their interest in the ‘problems’ raised 
by the extractive industry and, in parallel, (ii) their 'status' with respect to the INSPIRE 
Directive, i.e., their interoperability. From this review, a selection of the most 
‘meaningful’ datasets has been performed to integrate them into the e-Minerals 
Yearbook as a DEMONSTRATION of the possible use of such thematic datasets. This 
action is reported in Deliverable D3.4 (Cassard et al., 2019a). 

 
2. Action 2, dealing with unstructured data and with the extension of the MICA Main 

Ontology for the environmental and social dimensions related to extraction, and the 
development of related information sheets, with the update of the graphic interface of 
the Dynamic Decision Graph (DDG) and associated applications, as a 
DEMONSTRATION of the applicability. This part of the work done in Task 3.4, is 
reported the present document: Deliverable D3.5 ‘Navigating environmental & social 
knowledge’.  

                                                 
2 The environmental dimension (actually the Environmental Impact) is already present in the INSPIRE MR / 
ERML data model. Indeed, in the 'Mining Wastes' part of the model, a code list gives the terms indicating the 
environmental impacts of mining and mining wastes (Schubert et al., 2014). See also: 
https://www.seegrid.csiro.au/subversion/xmml/GGIC/trunk/doc/ERML_3_Doc/index.htm - Context diagram: 
MiningWaste. 
 

https://www.seegrid.csiro.au/subversion/xmml/GGIC/trunk/doc/ERML_3_Doc/index.htm
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Purpose 
 
The purpose of Task T3.4 of the Work Package 3 of the ORAMA H2020 Project was the 
‘Representation of environmental and social dimensions’ related to extraction. 
  
A significant proportion of data, information and knowledge related to environmental and social 
dimensions are not figures, numerical values, and do not have any coordinates. Such data is, 
therefore, not adapted for a representation through a spatial portal.  
 
The idea developed here is to include such data and knowledge into a contextual research-based 
system to make it searchable and discoverable, available for consultation, usable, exploitable, 
and combinable in a seamless and profitable way for various end users. 
 
This is exactly the idea that prevailed during the development of the MICA System Expert on 
Raw Materials: to develop a base of Methods and Tools searchable via the navigation over a 
dedicated ontology and able to answer various questions (of the type 'how to proceed to get or 
to do' something) that an end user can have on mineral resources, and which sometimes require 
a sequence of several actions including the use of structured data. 
 
The environmental and social dimensions were already taken into account by the MICA Main 
Ontology. However, the work done in the framework of the MICA project, with the many 
developments realised, of which the Main Ontology with the entry of more than 300 concepts 
and sub-concepts, cannot claim to be exhaustive. It therefore seemed interesting to revisit this 
ontology in order to (i) possibly increase its scope and granularity for the two dimensions 
considered, and (ii) at the same time, feed the database of Methods and Tools with new 
documents (presented in specific formatted forms called ‘sheets’ – see below) reinforcing (i) 
the ability for the system to provide relevant responses and (ii) its connection with the JRC’s 
RMIS 2.0. 
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Glossary of key-terms used in ORAMA Work Package 3 
 
 
API: an Application Programming Interface is a set of functions and procedures allowing 
the creation of applications that access the features or data of an operating system, application, 
or other service. 
 
BATT: Spent batteries (secondary resources). 
 
Catalogue services support the ability to publish and search collections of descriptive 
information (metadata) for data, services, and related information objects. Metadata in 
catalogues represent resource characteristics that can be queried and presented for evaluation 
and further processing by both humans and software. Catalogue services on the Web (CSW or 
CS-W) are required to support the discovery and binding to registered information resources 
within an information community. (OGC definition: 
http://www.opengeospatial.org/standards/cat). 
 
CORS: Cross-origin resource sharing is a mechanism that allows restricted resources on 
a web page to be requested from another domain outside the domain from which the first 
resource was served. A web page may freely embed cross-origin images, stylesheets, 
scripts, iframes, and videos. Certain "cross-domain" requests, notably Ajax requests, are 
forbidden by default by the same-origin security policy. A CORS defines a way in which a 
browser and a server can interact to determine whether or not it is safe to allow the cross-origin 
request. It allows for more freedom and functionality than purely same-origin requests, and is 
more secure than simply allowing all cross-origin requests. 
 
cron: cron is the diminutive of crontab, itself the diminutive of chrono table which means 
"planning table". crontab is the name of the program under Unix (and Linux) that allows you 
to edit configuration tables of the cron program. These tables specify the tasks to be executed 
and their execution schedule, possibly with a periodicity. By extension, one often call cron (or 
cron job) any task started with a periodic schedule. 
 
Data model: A data model organizes data elements and standardizes how the data elements 
relate to one another. The ‘EURare–Minerals4EU’ data model, as well as the INSPIRE MR 
data model, is an entity-relationship model (ERM). This is an abstract conceptual data 
model (or semantic data model) used in software engineering to represent structured 
data. This model is transformed into a relational model, which in turn generates a relational 
database. These conceptual entity and relationship models are developed using UML Class 
Diagram notation. Thus, data models describe the structure, manipulation, and integrity 
aspects of the data stored in data management systems such as relational databases. They 
typically do not describe unstructured data, such as word-processing documents, e-mail 
messages, pictures, digital audio, or video. 
 
DB: database. 
 
DDG: Dynamic Graph of Decision (developed in the frame of the H2020 MICA project). 
 

http://www.opengeospatial.org/standards/cat
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Diffusion database: The role of the (Central) Diffusion Database (DB) is to provide the portal 
with data. These data are sent to the portal using Web services (WFS, JSON). In order to speed 
the process, the structure of the Diffusion DB is optimized for diffusion. This means that its 
structure does not follow exactly the data model which has been 'flattened' or simplified 
without altering the data. For this project, the (Central) Diffusion DB is hosted by BRGM in 
France. At the origin – before the addition of specific tables used for optimization – the 
Diffusion DB is an exact copy of the Harvesting DB made by using SQL scripts. 
 
Distributed architecture means that the data served by the platform is regularly uploaded from 
data providers (national data provider or EU provider) through a 'harvesting' system using web 
services. Data is sent to a central database (DB) (composed of two distinct DBs, one being 
dedicated to harvesting, the other one to diffusion) which only acts as caching mechanisms. 
The central database is used to minimize the drawbacks of a purely distributed architecture: a 
user of the system may search for occurrences of commodities throughout Europe; in case all 
information is available on distributed servers, such a query will have to be executed at every 
data provider, resulting in a high risk of low performance. Therefore, the data is stored 
centralized to act as an optimized search index. It also reduces the risk of having inaccurate 
results if local services are down or temporarily unreachable. 
 
ELV: End-of-Life Vehicles (secondary resources). 
 
ERML or EarthResourceML data model: This is the 'international – world-wide' fully 
compliant version of the INSPIRE MR data model (http://www.earthresourceml.org/). This 
data model is managed by the IUGS/CGI/ERMLWG and used in Europe, North America and 
Australia. 
 
ETL: Extract, Transform and Load process in database management that performs data 
extraction from homogeneous or heterogeneous data sources, data transformation for storing 
in the proper format or structure for the purpose of querying and analysis, and data loading into 
the final target.  
 
EU-MKDP: the European Union Minerals Knowledge Data Platform developed in the frame 
of the EU-FP7 Minerals4EU project. The IKMS (the EURare’s Integrated Knowledge 
Management System) and the EU-MKDP are based on the same architecture and share 
numerous components. 
 
EU-UMKDP: the European Union Urban Mine Knowledge Data Platform developed in the 
frame of the H2020 ProSUM project, and which deals with WEEE, ELV and BATT, and also 
with mining wastes (MW). This platform communicates with the EU-MKDP through web 
services (mostly WFS & WMS). 
 
EU-RMICP: The European Union Raw Materials Information Capacity Platform developed in 
the H2020 MICA project. This Platform lays the foundation of a modern expert system for 
the raw materials domain with notably an ontology-based Dynamic Decision Graph and a 
database of methods and tools used in mineral intelligence, in geology, exploration, mining, 
and related topics. In practice, the system must be capable of bringing relevant ‘answers’ of the 
type 'how to proceed for' on almost any question relative to mineral resources, on the whole 
supply chain, from exploration to recycling, considering the environmental, political and social 
dimensions. 

http://www.earthresourceml.org/


8 / 50 
 

 
GeoSciML: The GeoSciML data model is an XML-based data transfer standard (conversion 
of a UML package) for the exchange of digital geoscientific information. It accommodates the 
representation and description of features typically found in geological maps, as well as being 
extensible to other geoscience data such as drilling, sampling, and analytical data (see: 
http://www.geosciml.org/). 
 
GML: The Geography Markup Language (GML) is an XML grammar for expressing 
geographical features. A GML serves as a modelling language for geographic systems as well 
as an open interchange format for geographic transactions on the Internet (see: 
http://www.opengeospatial.org/standards/gml). 
 
Harvesting system: The Minerals4EU (Central) Harvesting System includes periodical 
database refreshes on the information available about mineral resources It does this by  
requesting data from the data providers using INSPIRE-compliant Web services (WFS). This 
DB is structured in such a way that a large part exactly reflects the INSPIRE Mineral Resources 
(MR) data model, but it also includes the ProSUM mining waste modifications. During the 
harvesting phase, the data that is received is checked whether the code lists conform to the 
INSPIRE registry code list values and that other data have the correct formats (e.g., dates and 
numbers). The Minerals4EU Harvesting DB is hosted by the Geological Survey of Slovenia 
(GeoZS) and connected to the Diffusion DB using SQL scripts. This Harvesting DB delivers 
data related to primary mineral resources and mining wastes. The ProSUM Harvesting DB 
has been built using the ProSUM Unified data model, and is dedicated to the urban mine 
(WEEE, ELV & BATT). It is hosted by the Geological Survey of Denmark and Greenland 
(GEUS) and data is currently extracted from Excel sheets that have a standardized format 
(portrayals) provided by the different ProSUM work packages. 
 
IKMS: The Integrated Knowledge Management System for REE developed in the frame of the 
EURare EU-FP7 project. This system is based on the same architecture as the EU-MKDP (see 
above) with which it shares numerous components. 
 
INSPIRE: The INSPIRE directive lays down a general framework for a Spatial Data 
Infrastructure (SDI) for the purposes of European Community environmental policies or 
activities which may have an impact on the environment. The INSPIRE Directive entered into 
force on 15 May 2007. INSPIRE is based on the infrastructures for spatial information 
established and operated by the Member States of the European Union. The directive addresses 
34 spatial data themes needed for environmental applications, among which there are ‘Mineral 
Resources’ and ‘Geology’. To ensure that the spatial data infrastructures of the Member States 
are compatible and usable in a community and transboundary context, the INSPIRE Directive 
requires that additional legislation or common Implementing Rules (IR) are adopted for a 
number of specific areas (metadata, interoperability of spatial data sets and services, network 
services, data, and service sharing and monitoring and reporting). These are published either as 
Commission Regulations or as Decisions. See: http://eur-lex.europa.eu/legal-
content/EN/TXT/PDF/?uri=CELEX:32007L0002&from=EN 
 
INSPIRE MR data model: This is the European approved data model for mineral resources 
(MR), including both primary and secondary (i.e., Mining wastes) resources. However, mining 
wastes do not belong to the core part of this data model, being only an extension. One objective 
of the ProSUM project was to improve and extend the mining wastes part of the INSPIRE MR 

http://www.geosciml.org/
http://www.opengeospatial.org/standards/gml
http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32007L0002&from=EN
http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32007L0002&from=EN
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data model 
(http://inspire.ec.europa.eu/documents/Data_Specifications/INSPIRE_DataSpecification_MR
_v3.0.pdf). The mineral resources data model used in ProSUM is the M4EU data model 
(Minerals4EU project) directly derived (with GeoSciML extensions for geology) from the 
INSPIRE MR data model. 
 
JSON  (JavaScript Object Notation) is a data-interchange format.  Although not a strict 
subset, JSON closely resembles a subset of JavaScript syntax. Though many programming 
languages support it, a JSON is especially useful for JavaScript-based apps, including websites 
and browser extensions. 
 
Modal: In user interface design for computer applications, a modal window is a graphical 
control element subordinate to an application's main window. It creates a mode that disables 
the main window but keeps it visible with the modal window as a child window in front of it. 
Users must interact with the modal window before they can return to the parent application. 
This avoids interrupting the workflow on the main window. Modal windows are sometimes 
called heavy windows or modal dialogs because they often display a dialog box. 
 
ProSUM: The H2020 project ‘Prospecting Secondary raw materials in the Urban mine and 
Mining waste’. 
 
RDF: Resource Description Framework. RDF is a standard model for data interchange on the 
Web. RDF has features that facilitate data merging even if the underlying schemas differ, and 
it specifically supports the evolution of schemas over time without requiring all the data 
consumers to be changed. RDF extends the linking structure of the Web to use URIs to name 
the relationship between things as well as the two ends of the link (this is usually referred to as 
a “triple”). Using this simple model, it allows structured and semi-structured data to be mixed, 
exposed, and shared across different applications. 
 
RMICP: Raw Materials Intelligence Capacity Platform developed in the frame of the H2020 
MICA project (see EU-RMICP above). 
 
SQL (script): SQL or Structured Query Language is a special-purpose programming 
language designed for managing data held in a relational database management 
system (RDBMS), or for stream processing in a relational data stream management 
system (RDSMS).  
 
Structured data refers to any data that resides in a fixed field within a record or file. This 
includes data contained in relational databases and spreadsheets. Structured data first depends 
on creating a data model, i.e., a model of the types of business data that will be recorded and 
how they will be stored, processed and accessed. This includes defining what fields of data will 
be stored and how that data will be stored: data type (numeric, currency, alphabetic, name, date, 
address) and any restrictions on the data input (number of characters; restricted to certain terms, 
etc.). Structured data has the advantage of being easily entered, stored, queried and analyzed. 
 
ToolStack refers to a set of tools and softwares needed to perform a complex task such that no 
additional tools nor softwares are needed to support this task. 
 

http://inspire.ec.europa.eu/documents/Data_Specifications/INSPIRE_DataSpecification_MR_v3.0.pdf
http://inspire.ec.europa.eu/documents/Data_Specifications/INSPIRE_DataSpecification_MR_v3.0.pdf
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UML, Unified Modeling Language is a standardized general-purpose modeling language in 
the field of software engineering. It is a graphical language for visualizing, specifying, 
constructing, and documenting the artifacts of a software-intensive system. 
 
Unstructured Data (or unstructured information) refers to information that either does not 
have a pre-defined data model or is not organized in a pre-defined manner. Unstructured 
information is typically text-heavy, but may contain data such as dates, numbers, and facts as 
well. This results in irregularities and ambiguities that make it difficult to understand using 
traditional programs as compared to data stored in fielded form in databases 
or annotated (semantically tagged) in documents. 
 
Web service: is defined by the World Wide Web Consortium (W3C - https://www.w3.org/) as 
'a software system designed to support interoperable machine-to-machine interaction over 
a network'. Several types of web services are used by the EU-CRMKDKP such as Web Feature 
Services (WFS) allowing the transfer of data, and Web Map Services (WMS) allowing the 
visualization of maps. 
 
WEEE: Waste Electrical and Electronic Equipment (secondary resources)  

https://www.w3.org/
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1 The MICA Raw Materials Expert System (the EU-RMICP) 
 

1.1 Overview of the EU-RMICP and the DDG 
 

The MICA Expert System (Cassard et al., 2017; Ziébelin et al., 2018) has been developed in 
the frame of the H2020 MICA project and more precisely within its work package 6 entitled 
‘The European Raw Materials Intelligence Capacity Platform (EU-RMICP)’ whose partners 
were BRGM, BGS, GeoZS, GEUS, GTK, JRC and LIG (Laboratoire d’Informatique de 
Grenoble). 
 
The description of the project can be found on the project website (http://www.mica-
project.eu/). To briefly summarize: MICA (Mineral Intelligence Capacity Analysis - 2015-
2017) had among its objectives to develop a platform of knowledge, the EU-Raw Materials 
Intelligence Capacity Platform (or EU-RMICP), integrating metadata on data sources related 
to primary and secondary mineral resources and bringing the end users with an expertise on the 
methods and tools used in mineral intelligence. In practice, the system should be capable of 
bringing relevant ‘answers’ of the type 'how to proceed for…' on almost any question relative 
to mineral resources, on the whole supply chain, from exploration to recycling, taking into 
account the environmental, political and social dimensions. 
 
To meet this challenge, the EU-RMICP is based on an ontology of the domain of mineral 
resources (coupled with more generic cross-functional ontologies, relative to commodities, time 
and space, methods, etc.), which represents the domain of the questions of the users (experts 
and non-experts). The user navigates this ontology by using a Dynamic Graph of Decision 
(DDG) which allows one to discover the solutions which one is looking for without having to 
formulate any question. The system is coupled with a 'RDF Triple Store' (a database storing the 
ontologies), factSheets, docSheets and flowSheets (i.e., specific formatted forms) related to 
methods and documentation, scenarios and metadata (Figure 1). 
 

 

 
 

http://www.mica-project.eu/
http://www.mica-project.eu/
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Figure 1 – Simplified view of the MICA Expert System, the ontology-based Dynamic Decision 
Graph (DDG) and the Methods & Tools database. 

 
This particularly innovative system can be widened (perimeter or scope and granularity of the 
Main Ontology) and represents a prototype of a modern expert system. 
 
In practice, this system is now connected with the existing Knowledge Data Platforms, e.g., the 
IKMS (EURare), the EU-MKDP (Minerals4EU), the EU-UMKDP (ProSUM), the EU-
CRMKDP (SCRREEN), the European Geological Data Infrastructure (EGDI) developed by 
EuroGeoSurveys (EGS), and the RMIS 2.0 (Raw Materials Information System) currently 
being developed by the European Commission DG JRC at Ispra, allowing them to make their 
users benefitting of the Expert System (see Figure 2).  
 
 

 
 

Figure 2 – The MICA Expert System. General architecture of the EU-Raw Materials 
Intelligence Capacity Platform. 

 
The MICA Main Ontology covers seven thematic domains: ‘Primary’ and ‘Secondary Mineral 
Resources’, ‘Industrial Processing and Transformation’, ‘Raw Materials economics’ (including 
CRMs), ‘Raw materials Policy & Legal Framework’, ‘Sustainability of Raw Materials’, and 
‘International Reporting’ (Figure 3). The DDG offers, in a single place, a unique access to most 
of the data available, including a contextual access to resources like the European legislation, 



13 / 50 
 

and an access to several key studies like the Minventory study (Parker and Petavratzi, 20143), 
or the Raw Material System Analysis (BIO by Deloitte, 20154), etc. 
 
Note: the first functionality of the DDG is not to be a ‘pure’ search engine. However, data, 
information and knowledge being strongly and cleverly connected, the DDG and its side 
applications can play the role of an ‘intelligent’ search engine in the Raw Materials domain 
and also can act as a powerful decision-aid tool. 
 

 

Figure 3 – The DDG interface showing the Main Ontology and the seven domains covered, 
representing about 300 concepts and sub-concepts. 

  

Figure 3 shows the DDG interface with the Main Ontology and the seven domains covered, 
representing about 300 concepts and sub-concepts. The different filters that can be used to speed 
the navigation and the retrieval of doc/fact/flowSheets and linkedSheets are listed on the right 
side. Results are presented on the right side as well and will be ranked by pertinence in the next 
version. Note that the DDG is accompanied by side applications allowing searching for an 

                                                 
3 https://ec.europa.eu/docsroom/documents/10225/attachments/1/translations/en/renditions/native 
 
4 https://ec.europa.eu/jrc/en/scientific-tool/msa 

https://ec.europa.eu/docsroom/documents/10225/attachments/1/translations/en/renditions/native
https://ec.europa.eu/jrc/en/scientific-tool/msa
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answer in different ways, i.e., via a Wizard, a Direct Search, or Frequently Asked Questions 
(FAQs) – see Cassard et al. (2017) for more details. 

 

1.2 Ontology management and VocBench 
 
To facilitate the construction of the MICA Ontology (main and transversal ontologies) a 
VocBench editor has been chosen (Figure 4). VocBench is a Web-based, multilingual, 
collaborative ontology editor developed by the ART Research Group at the University of Rome 
Tor Vergata. VocBench manages OWL ontologies, SKOS-XL thesauri and generic RDF 
datasets. VocBench is used by the different partners to collaboratively edit the MICA Ontology. 
Various accounts have been created for the different partners with different roles: editors who 
can create, update or delete concepts; publishers who can additionally approve or reject the 
modifications proposed by the editors. 
 
 

 

Figure 4 – VocBench Web-interface for collaborative edition of MICA ontologies. 

 
The MICA Ontology created with VocBench uses the SKOS-XL vocabulary to represent MICA 
concepts and the relationships between them. It can be exported as an RDF file in various RDF 
serialization formats (RDF/XML, Turtle, NTriples). 
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1.3 The different types of ‘sheets’ and the MICASheetEditor 
 
FactSheets are used to describe in detail a method or a tool, giving all the necessary information 
to the end user on how to implement this method for resolving a problem. DocSheets can be 
seen as a complementary source of information, explaining some concepts (which are not 
methods or tools) such as substitution, criticality, etc., an end user may appreciate to find during 
his navigation on the Dynamic Decision Graph. FlowSheets can be seen as recipes allowing to 
answer complex queries an end user may have and which necessitate to link in a certain order 
several factSheets (plus sometimes docSheets) and related data. 
 
FactSheets and flowSheets indicate what type of data is necessary for running the method(s) 
and what (or where) are their source(s). An exhaustive inventory of data and data sources has 
been realized, which provides the system with detailed metadata related to these data sources. 
Each metadata is internally indexed (i) to the fact/doc/flowSheet using this source, and (ii) to 
the domain(s)/concept(s)/sub-concept(s) to which it may be useful. 
 
A ‘factSheet’ template was created in order to ensure that method and tool descriptions and 
documentation are homogeneous. Figure 5 (left side) lists the different rubrics to be filled up. 
 

 
factSheet 

 
Scope (conceptual model & 

main characteristics) 
... 

Range of relevant 
applications or topics 

... 
Data needs, databases 

... 
Model used 

... 
System and/or parameters 

considered 
... 

Time / Space / Resolution 
/Accuracy 

... 
Indicators / Outputs / Units 

... 
Treatment of uncertainty, 

verification, validation 
... 

Main publications / 
references 

... 
Related methods 

... 
Key relevant contacts 

... 
INDEXATION 
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Figure 5 – Left: Structure of a factSheet, showing the different rubrics and the indexation 
section. Right: factSheets and docSheets indexation over (or annotation with) the Main 
Ontology. In order to be retrieved and selected during the navigation over the ontology within 
the DDG, factSheets (blue crosses) and docSheets (orange squares) are annotated and indexed 
over the main ontology (and transversal ontologies too). The lines materialize the links between 
factSheets and docSheets with various concepts and sub-concepts. 
 
A fourth type of sheet has been created for describing external resources of interest. In practice, 
when a topic is perfectly described on an external and permanent server, there is no need to re-
create a docSheet. A linkedSheet describing and annotating this resource with the different 
ontologies (principal and generic) and with other sheets is created on the fly within the 
MICASheetEditor (see Cassard et al., 2017).  
 
FactSheets, docSheets, flowSheets and linkedSheets are thus essential pieces of the RMICP: 
they bring the answers to the end-user questions and help the user to know how to proceed to 
solve the original problem and take a decision. 
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Figure 6 – Screenshot of the MICASheetEditor interface with the main functionalities. 

 

Figure 6 shows the interface of the MICASheetEditor, with the main functionalities, i.e.,  
‘Create a New Sheet’, ‘Manage Existing Sheets’, ‘Manage Existing Questions’ (from end users 
incl. experts), and ‘Re-Annotate a Sheet’. Four types of sheets are considered, MICASheets 
(covering both factSheets and docSheets which share the same template), flowSheets and 
linkedSheets. In addition to a short title and a summary, each sheet is annotated with other 
existing sheets, with FAQS and with the Main and other generic ontologies (selected concepts 
in Figure 5), thus allowing a really contextual search when navigating with the DDG over the 
Main Ontology. Note that for a linkedSheet, a link should be entered that indicates the external 



18 / 50 
 

source (e.g., a CELEX number for EU legislation, a DOI for a publication or an URL or an 
URI). 

 

1.4 Information related to data sources and the relationships with 
GeoNetwork 
 
Information related to data sources or ‘metadata on data’ were managed by BGS under 
GeoNetwork, in the frame of the MICA Work Package 3. This is an important piece of 
information, as an answer to an end-user question does not only indicate how to proceed and 
which method or tool to apply but also which data or datasets can be used and their 
characteristics. It is thus essential that the two systems, GeoNetwork and the DDG Triple Store, 
communicate perfectly, the first one delivering metadata on datasets including the site(s) where 
they can be accessed, the second one delivering the doc/fact/linked/flowSheets explaining how 
to proceed – and related topics – in order to get an answer. 
 
These relationships have been formalized and are summarized in Figure 7. 
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Figure 7 – Interactions between the EU-RMICP components, and the communication between 
the GeoNetwork Metadata Catalogue and the DDG Triple Store. 

 
From a technical point of view, a third-party software developed by BRGM is in charge of 
harvesting the content of GeoNetwork to insert it in the DDG Triple Store. The operation of 
harvesting is made with a GetRecords query to the GeoNetwork CS-W interface. This query 
returns all whole content of GeoNetwork that is then processed to extract the relevant part (title, 
abstract, annotation with the ontology). The content extracted from the metadata is transposed 
to SPARQL query (i) to be inserted in the Triple Store if the content was not already harvested 
in a previous step, or (ii) to be updated if the content was present in the Triple Store and 
modified in GeoNetwork.  
 
The DDG queries the Triple Store using the query SPARQL Endpoint 
(http://geusjuptest.geus.dk/fuseki/MICA/sparql (for a test), 
http://data.geus.dk/fuseki/MICA/sparql (for production)). All the queries are made on the fly, 
so all the new sheets and FAQs added in the MICASheetEditor are immediately available in 
the DDG applications. 
 
This third-party software can be launched manually by an operator in charge of the maintenance 
of the EU-RMICP or can be integrated as a recurrent task (e.g., using a cron [see Glossary], 
which is a time-based job scheduler). 
 
 
 
1.5 More in-depth into the mechanics: the MICA Triple Store 
 
The MICA platform “database” is hosted on a dedicated server at GEUS and stores all the 
information about the sheets provided by the MICA experts through the MICASheetEditor. 
This “database” actually consists of two components (see Figure 8): 
 

• A relational database (a PostgreSQL database) that stores the raw sheet documents in 
pdf and docx formats. 

• An RDF Triple Store (Jena Triple Database (TDB)) with persistent RDF data that 
annotates the sheets using the MICA Ontology concepts. This data, indexed with MICA 
Ontology concepts, is structured according to the MICA data model described as an 
OWL ontology. It is used to make semantic queries to retrieve the sheets through the 
DDG interface. 
 

A Triple Store or RDF store is a purpose-built graph database specialized in the storage and 
retrieval of semantic facts expressed as triples (subject, predicate, object) with RDF (Resource 
Description Framework, a model for data publishing and interchange on the Web standardized 
by W3C). TDB is the native and high-performance Triple Store component of Apache Jena 
(https://jena.apache.org), a free open-source Java framework for building Semantic Web and 
Linked Data applications developed by the Apache Software Foundation (ASF). TDB supports 
the full range of Jena APIs and can be used as a high performance RDF store on a single 
machine. 

https://emea01.safelinks.protection.outlook.com/?url=http%3A%2F%2Fgeusjuptest.geus.dk%2Ffuseki%2FMICA%2Fsparql&data=02%7C01%7Cd.cassard%40brgm.fr%7Cb064ce3a058d457a405608d5438c69cc%7C9610f79254fa49639560a8a822cba6d7%7C1%7C0%7C636489192753945352&sdata=TKuLFpeicOmuFeYSwqP05aI44ia2qOzuoY85TwNChXI%3D&reserved=0
https://emea01.safelinks.protection.outlook.com/?url=http%3A%2F%2Fdata.geus.dk%2Ffuseki%2FMICA%2Fsparql&data=02%7C01%7Cd.cassard%40brgm.fr%7Cb064ce3a058d457a405608d5438c69cc%7C9610f79254fa49639560a8a822cba6d7%7C1%7C0%7C636489192753945352&sdata=RFI6wUZtni%2FPstDPm6MPdfZCVfJ321L5nmmogo8FuSU%3D&reserved=0
https://jena.apache.org/
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Although it can be accessed by command line scripts or Java programs (via Jena APIs), as part 
of the MICA platform it is fully managed by a Fuseki server. 
 
Fuseki, a SPARQL server, is another open source component of the Apache Jena Framework. 
It is run as a Java web application (WAR file) deployed in an Apache Tomcat 9 open-source 
Java Servlet container. Fuseki provides security using Apache Shiro (https://shiro.apache.org/). 
It is tightly integrated with TDB to provide a robust, transactional, persistent, storage layer. 
Fuseki exposes the RDF data (triples) stored in TDB as a SPARQL end-point accessible 
through HTTP; it provides the SPARQL 1.1 protocols for queries and updates as well as the 
SPARQL Graph Store protocol. 
 
 
 

 

Figure 8 - MICA databases (Triple Store and Relational) server. 

 
 
The choice of using Fuseki and TDB to manage the MICA semantic data has two advantages: 
 

https://shiro.apache.org/
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• Based on an open-source solution supported by Apache Software Foundation, it offers 
a high-performance, secure solution well-suited to the needs of the MICA project. 
Integrated to the Jena framework, it comes with a full set of tools and APIs that facilitate 
the development of semantic web and linked data applications. 

• The DDG and MICASheetEditor access the Triple Store only through SPARQL queries 
through HTTP. Therefore, they are not closely coupled to the storage solution5. 
Replacing TDB and Fuseki by another Triple Store and another SPARQL end-point 
does not impact the DDG and MICASheets application code.  

 
GEUS has setup two servers for MICA; one test server (http://geusjuptest.geus.dk/) and one 
production server (http://data.geus.dk/). For security, only the query SPARQL calls can pass 
through the GEUS firewall. The MICA dataset is exposed to everybody through the SPARQL 
1.1 Query end-point at URL: http://geusjuptest.geus.dk/fuseki/MICA/sparql (test), 
http://data.geus.dk/fuseki/MICA/sparql (production). For updating or deleting data in the Triple 
Store, SPARQL 1.1 update requests are performed through a different end-point 
(http://geusjuptest.geus.dk/fuseki/MICA/sparql (test), http://data.geus.dk/fuseki/MICA/update 
(production)) not accessible from the Internet and protected by Apache Shiro. 
 
The Java web applications Fuseki (SPARQL end-point), MICASheetEditor, as well as TDB 
(Triple Store) and PostgreSQL, run on a server dedicated to the MICA project (they are the 
only applications hosted by this server). 
 
Using the NAS (Network Attached Storage) infrastructure of GEUS, an incremental backup is 
made on a daily basis and saved for 180 days. Each year, one full backup is saved for 5 years. 
 
 
 
 
2. SCRREEN contributions to the EU-RMICP 
 
As mentioned above in section 1.1, this particularly innovative system is intended to be 
extended (perimeter and granularity of the main ontology) as it represents a prototype of a 
modern expert system. This has already been done in the framework of the H2020 SCRREEN 
project for the part relating to Critical Raw Materials (CRMs) (Cassard et al., 2019b). 
 
 

2.1 Extending the MICA Main Ontology for CRMs 
 
The part of the MICA Main Ontology dealing with CRMs (Domain D4 ‘Raw Materials 
Economics’) has been extended  (additions underlined in green below), allowing to detail some 
topics such as ‘Geopolitical risk’, ‘Substitution’ (regarding supply risk and importance for the 
industry) and ‘Commodity end uses’ (Table 1). 
 

                                                 
5 In the case of the MICA platform, MICASheetEditor back-end runs in the same servlet container (Tomcat 9) as 
Fuseki server, but it is not mandatory. Since it accesses TDB through SPARQL protocol (HTTP), it can run on a 
different server as long it has access to the SPARQL end-point. 

http://geusjuptest.geus.dk/
http://data.geus.dk/
http://geusjuptest.geus.dk/fuseki/MICA/sparql
http://data.geus.dk/fuseki/MICA/sparql
http://geusjuptest.geus.dk/fuseki/MICA/sparql
http://data.geus.dk/fuseki/MICA/update
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All these modifications of the MICA Main Ontology have been entered in the MICA system 
using VocBench, and then transferred to the MICASheetEditor (see Figure 6); the MICA SKOS 
v5.1 ontology has been serialized in turtle and a jsonForMSE-v5.1 directory that contains 
concept hierarchies (in a logical order) in JSON format adapted for FancyTree. 
 
 

Table 1 – The SCRREEN improvements, highlighted in green, of the MICA Main Ontology 
for CRMs. 

 
 
 
 

   D4 RAW MATERIALS ECONOMICS 
⊕ Supply 

 Supply chain information 
 Production (Supply) 

 Primary raw materials (Supply/Production) 
 Secondary raw materials (Supply/Production) 

 Trade (Supply) 
 CN codes (Supply/Trade) 
 Primary raw materials (Supply/Trade) 
 Secondary raw materials (Supply/Trade) 

 EU industry sectors (Supply) 
 NACE classification (Supply/EU industry sectors) 

⊕   Demand 
 Consumption (Demand) 
 EU industry sectors (Demand) 

 NACE classification (Demand/EU industry sectors) 
⊕ Investment 

 Risks 
 Investors 

⊕ Costs 
 Exploration (Cost) 
 Mine development (Cost) 
 Production  
 Mine closure (Cost) 
 Recycling (Cost) 

⊕ Commodity prices 
 LME prices 
 Non-LME prices 
 LME stocks 
 Secondary raw material prices 

⊕  Critical raw materials 
 Supply risk 

 Production concentration 
 Geopolitical risk 

 HHI indexes (global and EU) 
 Trade restrictions 

 Import dependence 
 Geological availabilty 
 Substitution (Supply risk)  

 Substitute production (Supply risk/Substitution) 
 Substitute criticality (Supply risk/Substitution) 

http://labs.sparna.fr/skos-play/print#714391935
http://labs.sparna.fr/skos-play/print#-1632712181
http://labs.sparna.fr/skos-play/print#226955509
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 Substitute coproduction (Supply risk/Substitution) 
 Recycling rate 

 Importance for industry 
 Commodity end uses 

 CRM end uses 
 Sectorial demand 

 Value added 
 Substitution (Importance for industry) 

 Cost of substitution  (Importance for industry/Substitution) 
 Performance of substitution  (Importance for 

industry/Substitution) 

 
 

2.2 Developing additional linkedSheets 
 
These developments have been made with two objectives: 

- To better link the JRC’s RMIS to the MICA Expert System and to the SCRREEN’s EU-
CRMKDP Decision Support System (DSS), a series of 23 linkedSheets has been 
produced: 

o GAB1_CRM_End_Uses_MICA Success.html 
o GAB2_Commodity_End_Uses_MICA Success.html 
o GAB3_Cost_of_Substitution_MICA Success.html 
o GAB4_Critical_Non-critical_RM_Factsheets_MICA Success.html 
o GAB5_CRM_MICA Success.html 
o GAB6_Geopolitical_Risk_MICA Success.html 
o GAB7_HHI_Indexes_MICA Success.html 
o GAB8_Import_Dependance_MICA Success.html 
o GAB9_Importance_for_Industry_MICA Success.html 
o GAB10_RMIS_MICA Success.html 
o GAB11_Perf_of_Subst_MICA Success.html 
o GAB12_Production_Concentration_MICA Success.html 
o GAB13_RM_Scoreboard_MICA Success.html 
o GAB14_Recycling_Rate_MICA Success.html 
o GAB15_Sectorial_Demand_MICA Success.html 
o GAB16_Substitute_Coprod_MICA Success.html 
o GAB17_Substitute_Criticality_MICA Success.html 
o GAB18_Substitute_Production_MICA Success.html 
o GAB19_Substitution_Importance_MICA Success.html 
o GAB20_Substitution_Supply_MICA Success.html 
o GAB21_Supply_Risk_MICA Success.html 
o GAB22_Trade_Restrictions_MICA Success.html 
o GAB23_Value_Added_MICA Success.html 

 

- To feed the concepts newly added with information, a series of 11 linkedSheets has been 
produced: 

o AAB1_NACE_MICA Success.html 
o AAB2_CRM_FactSheet_MICA Success.html 
o AAB3_SCRREEN_D2.1_MICA Success.html 
o AAB4_SCRREEN_D3.1_MICA Success.html 
o AAB5_SCRREEN_D3.2_MICA Success.html 
o AAB6_SCRREEN_D4.1_MICA Success.html 
o AAB7_SCRREEN_D4.2_MICA Success.html 
o AAB8_SCRREEN_D4.3_MICA Success.html 
o AAB9_SCRREEN_D5.1_MICA Success.html 
o AAB10_PRODCOM_NACE_MICA Success.html 
o AAB11_Study_Review_CRM_List_MICA Success.html 

http://labs.sparna.fr/skos-play/print#843220394
http://labs.sparna.fr/skos-play/print#843220394
http://labs.sparna.fr/skos-play/print#843220394
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All the modifications and improvements brought to the MICA system, i.e., the creation of new 
concepts and new sheets, have been entered in the MICA Knowledge Base and can be accessed 
via the Dynamic Decision Graph (DDG) and side applications (Figure 9) at: 
http://micaontology.brgm-rec.fr/MICAOntology/Home.action 
 
 

 

 

Figure 9 – Homepage of the MICA Knowledge Base giving access to the MICA Dynamic 
Decision Graph and side applications (http://micaontology.brgm-
rec.fr/MICAOntology/Home.action). 

 

3. Improving the MICA Main Ontology and more generic side 
ontologies for the environmental and social dimensions 
 

3.1 Improvements brought to the MICA ontologies 
The MICA ontology was reviewed as having main reference the thematic structure and the 
expertise gained during the development of the Raw Materials Information System (RMIS) 2.0. 
The RMIS is the Commission’s reference web-based knowledge platform on non-fuel, non-
agricultural raw materials from primary and secondary sources. The JRC, in collaboration with 
DG GROWTH, has developed the RMIS to support the development of the European Union 
Raw Materials Knowledge Base (EURMKB) and responding to a specific action of the 2015 
Circular Economy Action Plan6.   

                                                 
6 EC Communication COM(2015) 614, ‘Closing the loop – An EU action plan for the circular economy, explicitly 
mentions the work that the EC has undertaken with the development of the RMIS in the context of the shift from 
waste to resources, specifically ‘to improve the availability of data on secondary raw materials the Commission 

http://micaontology.brgm-rec.fr/MICAOntology/Home.action
http://micaontology.brgm-rec.fr/MICAOntology/Home.action
http://micaontology.brgm-rec.fr/MICAOntology/Home.action
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Changes in the ontology for technological aspects were restricted to the possible addition or 
modification of names, yet sections could not be deleted. The changes implemented in the 
ontology have been rather limited and consisted on the rephrasing of some of the ontology 
names. They targeted MICA section ‘D6 SUSTAINABILITY OF RAW MATERIALS’. In 
addition, other changes were proposed for other sections, yet they do not directly relate to 
environmental and social considerations. See details in Appendix 1, where changes are 
highlighted in yellow. 
 

3.2 Creation of new linkedSheets 
The content of MICA has been also improved by reinforcing the links between the MICA 
Expert System and the RMIS 2.0 content. See Figure 10 for an overview of the structure of 
RMIS 2.0. 

Within the RMIS, the purely social and environmental information is mostly located in the 
section ‘Environmental & social sustainability’ (Figure 11). It is also present in the sections 
‘Country profiles’ (Figure 12) and ‘Raw materials profiles’.  

 

 

Figure 10 – Overview of the structure of RMIS 2.0. Highlighted in blue is the section with most 
of the environmental and social information provided; highlighted in dark yellow additional 
sections that provide also environmental and/or social information. 
 

                                                 
will further develop the recently initiated Raw Materials Information System and support EU-wide research on 
raw materials flows’. 
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Figure 11 – Structure of the environmental and social sustainability section of RMIS 2.0.  
 
Other sections of the RMIS provide information that also relates to the environmental and social 
performance of the raw materials sectors: ‘Secondary raw materials and Circular Economy’, 
and the section on monitoring schemes ‘Raw Materials Scoreboard & Monitoring’ which 
includes applications of the two editions released of the Raw Materials Scoreboard (European 
Commission, 2016, 2018) and other monitoring schemes such as the Circular Economy 
Monitoring framework. 

 

 

Figure 12 – Examples of environmental data provided in the ‘Country profiles’ section of the 
RMIS. 
 

In this context, a set of 27 linkedSheets have been created (see Table 2 below) for different sub-
sections of the MICA section ‘D6 SUSTAINABILITY OF RAW MATERIALS”. Most 
linkedSheets refer to the pages of RMIS section ‘Environmental & social sustainability’ or to 
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information displayed within these pages (e.g., specific data sources mentioned in the RMIS 
page). Some links have also been added to the RMIS section ‘Raw Materials Scoreboard & 
Monitoring’ and ‘Secondary raw materials and Circular Economy’. Links to pages within the 
sections ‘Country profiles’ and ‘Raw materials profiles’ could not be established since the user 
needs to first select, respectively, a country or raw material, and then select the sub-section on 
environmental/social aspects to get to the information – there is no URL that can be linked to 
get directly to the environmental/social content. 

Type of 
content 

Title Public URL Section in the ontology 

ENVIRONMENT
AL 

   

ArticlesAndRepo
rts 

Environmental Risks 
and Challenges of 
Anthropogenic 
Metals Flows and 
Cycles 

https://www.resourcepanel.org/reports/envi
ronmental-risks-and-challenges-
anthropogenic-metals-flows-and-cycles 

- D6 SUSTAINABILITY OF RAW 
MATERIALS 

Impacts over the life cycle  

Environmental impacts of 
materials, products & services 

Impact categories 

Portal European 
Commission, 
Internal Market, 
Industry, 
Entrepreneurship 
and SMEs, 
Ecodesign 

https://ec.europa.eu/growth/industry/sustai
nability/ecodesign_en 

- D6 SUSTAINABILITY OF RAW 
MATERIALS 

Impacts over the life cycle  
Environmental impacts of 
materials, products & services 

Impact categories 

Energy use 

Portal European Soil Data 
Centre, Soil 
contamination 

https://esdac.jrc.ec.europa.eu/
themes/soil-contamination 

- D6 SUSTAINABILITY OF RAW 
MATERIALS 

Impacts of specific 
processes/plants 

Soil contamination 

ArticlesAndRepo
rts 

Life Cycle 
Assessment of 
Metals: A Scientific 
Synthesis 

https://journals.plos.org/plosone/article?id=
10.1371/journal.pone.0101298 

- D6 SUSTAINABILITY OF RAW 
MATERIALS 

Impacts over the life cycle  
Environmental impacts of 
materials, products & services 

Impact categories 

Energy use 

Portal MINATURA project https://minatura2020.eu/ - D6 SUSTAINABILITY OF RAW 
MATERIALS 

Impacts over the life cycle  
Environmental impacts of 
materials, products & services 

Impact categories 

Land use 

ArticlesAndRepo
rts 

Non-energy, non-
agriculture raw 

https://doi.org/10.2760/007059 - D6 SUSTAINABILITY OF RAW 
MATERIALS 
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materials 
production: data to 
monitor the 
sector’s water use 
and emissions to 
water 

Impacts of specific 
processes/plants 

Air and water pollution 

Portal Raw Materials 
Information 
System, Air 
pollution 

https://rmis.jrc.ec.europa.eu/?page=air-
pollution-41a05f 

- D6 SUSTAINABILITY OF RAW 
MATERIALS 

Emissions of GHG and pollutants 

Portal Raw Materials 
Information 
System, Circular 
Economy 
monitoring 

https://rmis.jrc.ec.europa.eu/?page=circular-
economy-monitoring 

- D6 SUSTAINABILITY OF RAW 
MATERIALS 

Resource efficiency 

Indicators 

Portal Raw Materials 
Information 
System, Climate & 
Low-Carbon 

https://rmis.jrc.ec.europa.eu/?page=climate-
low-carbon-cda228 

- D6 SUSTAINABILITY OF RAW 
MATERIALS 

Emissions of GHG and pollutants 

Portal Raw Materials 
Information 
System, Electric and 
Electronic 
Equipment 

https://rmis.jrc.ec.europa.eu/?page=electric-
and-electronic-equipment-ba8f66 

- D6 SUSTAINABILITY OF RAW 
MATERIALS 

Resource efficiency 

Eco-design 

Portal Raw Materials 
Information 
System, Water 

https://rmis.jrc.ec.europa.eu/?page=water-
914f2b 

- D6 SUSTAINABILITY OF RAW 
MATERIALS 

Impacts of specific 
processes/plants 

Air and water pollution 

MethodsAndTo
ols 

Raw Materials 
Scoreboard 2018, 
Air pollutant 
emissions 

https://doi.org/10.2873/13314 - D6 SUSTAINABILITY OF RAW 
MATERIALS 

Impacts over the life cycle  
Environmental impacts of 
materials, products & services 

Impact categories 

Emissions of GHG & pollutants 

MethodsAndTo
ols 

Raw Materials 
Scoreboard 2018, 
Greenhouse gas 
emissions 

https://doi.org/10.2873/13314 - D6 SUSTAINABILITY OF RAW 
MATERIALS 

Impacts over the life cycle  
Environmental impacts of 
materials, products & services 

Impact categories 

Emissions of GHG & pollutants 

MethodsAndTo
ols 

Raw Materials 
Scoreboard 2018, 
WEEE management 

https://doi.org/10.2873/13314 - D6 SUSTAINABILITY OF RAW 
MATERIALS 

Impacts over the life cycle  
Environmental impacts of 
materials, products & services 

Impact categories 
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Final waste production 

Portal Single Market for 
Green Products 
Initiative 

http://ec.europa.eu/environment/eussd/sm
gp/index.htm 

D6 SUSTAINABILITY OF RAW 
MATERIALS 

Impacts over the life cycle 

Aggregate indicators 

Ecological footprint 

SOCIAL    

Portal Raw Materials 
Scoreboard 2018, 
Occupational safety 
and health 

https://rmis.jrc.ec.europa.eu/?page=occupat
ional-health-598632 
  

- D6 SUSTAINABILITY OF RAW 
MATERIALS 

Impacts of specific 
processes/plants 

Local environmental & health 
impacts 

Occupational health 

Articles&reports Social assessment 
of raw materials 
sectors. A life cycle 
based analysis 

 
http://dx.doi.org/10.2760/470881 

- D6 SUSTAINABILITY OF RAW 
MATERIALS 

Impacts of specific 
processes/plants 

Local environmental & health 
impacts 

Articles&reports Social impact 
assessment in the 
mining sector: 
Review and 
comparison of 
indicators 
frameworks 

https://doi.org/10.1016/j.resourpol.2018.02.
002 

- D6 SUSTAINABILITY OF RAW 
MATERIALS 

Impacts of specific 
processes/plants 

Social impacts 

Portal Employment, 
gender balance, 
child labour and 
decent work 

https://rmis.jrc.ec.europa.eu/?page=employ
ment-ebfea3 

- D6 SUSTAINABILITY OF RAW 
MATERIALS 

Impacts of specific 
processes/plants 

Social impacts 

Workers 

Articles&reports  The Feminisation of 
Mining 

https://onlinelibrary.wiley.com/doi/full/10.1
111/gec3.12229 

- D6 SUSTAINABILITY OF RAW 
MATERIALS 

Impacts of specific 
processes/plants 

Social impacts 

Gender issues 

Portal Employment, 
gender balance, 
child labour and 
decent work 

https://rmis.jrc.ec.europa.eu/?page=employ
ment-ebfea3 

- D6 SUSTAINABILITY OF RAW 
MATERIALS 

Impacts of specific 
processes/plants 

Social impacts 

Child labour 

http://dx.doi.org/10.2760/470881
https://doi.org/10.1016/j.resourpol.2018.02.002
https://doi.org/10.1016/j.resourpol.2018.02.002
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Portal Conflict Minerals 
and Conflict 
Diamonds 

https://rmis.jrc.ec.europa.eu/?page=conflict-
minerals-and-conflict-diamonds-bcae15 

- D6 SUSTAINABILITY OF RAW 
MATERIALS 

Impacts of specific 
processes/plants 

Social impacts 

Responsible sourcing 

Portal Social Licence to 
Operate (SLO) 

https://rmis.jrc.ec.europa.eu/?page=social-
licence-to-operate-b86e6d 

- D6 SUSTAINABILITY OF RAW 
MATERIALS 

Social licence to operate (SLO) 

Portal Sustainable 
Development Goals 

https://www.un.org/sustainabledevelopmen
t/sustainable-development-goals/ 

D7 INTERNATIONAL REPORTING 

Sustainable development reporting 

Articles&reports Mapping Mining to 
the Sustainable 
Development 
Goals: At Atlas 

https://www.undp.org/content/undp/en/ho
me/librarypage/poverty-reduction/mapping-
mining-to-the-sdgs--an-atlas.html 

D7 INTERNATIONAL REPORTING 

Sustainable development reporting 

Articles&reports Mapping the Role 
of Raw Materials in 
Sustainable 
Development Goals 

https://publications.jrc.ec.europa.eu/re
pository/bitstream/JRC112892/sustaina
ble_development_goals_report_jrc1128
92.pdf 

D7 INTERNATIONAL REPORTING 

Sustainable development 
reporting 

Portal Sustainable 
Development Goals 
and Raw Materials 

https://rmis.jrc.ec.europa.eu/?page=sdg-
18f0ad 

D7 INTERNATIONAL REPORTING 

Sustainable development reporting 

Table 2 - List of the 27 linkedSheets created, their link with the RMIS 2.0 and with the domains 
and concepts of the MICA Main Ontology. 

 

4. Synthesis of actions for representing the environmental and 
social dimensions 
 
Aligning some of the terminology used in both systems should also serve to improve the clarity 
of this information. 

Establishing the links between two information systems, MICA on the one hand, and the RMIS 
on the other hand, serves to build synergies between works with similar objectives: improving 
the awareness on the raw materials sector and the accessibility of valuable data and information.  

A relevant source of information that was used to link the MICA ontology chapter is the Raw 
Materials Scoreboard (https://doi.org/10.2873/13314). The Scoreboard is an initiative of the 
European Innovation Partnership (EIP) on raw materials. It provides policymakers with 
quantitative data on the EIP's general objectives and on the raw material policy context. It 
presents reliable and relevant information to inform governments, industry and other 
stakeholders about the challenges related to raw material sectors. It also includes chapters 
related to social and environmental sustainability concern, for instance, the monitoring of 
accidents at work, the trends of emissions from the sectors, and the management of WEEE.  

https://doi.org/10.2873/13314
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In addition to the RMIS and the Raw Materials Scoreboard, relevant reports and papers from 
the literature are linked to the MICA ontology in order to offer further sources of information. 
This selection can be expanded and many other studies could be added on each section as the 
literature for each topic is very broad.  

During this exercise of linking MICA and the RMIS, in many cases it was possible to establish 
direct links to webpages in the RMIS. However, in some other cases, and due to the architecture 
of some sections of the RMIS, direct links could not be established. 

It is important to highlight that this work did not consider how to improve the visual 
representation of data but, rather, concentrated on how to valorise the information displayed by 
different information systems. 
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APPENDIX 1 – MICA ontologies v6.0 
 
All the modifications and improvements brought to the MICA ontologies, including additions, 
renaming, reordering of concepts, are highlighted in yellow. These modifications bear both on 
the Main Ontology and on generic cross-functional ontologies. 
 
 
#Latest versions of MICA ontologies with concepts re-ordered 
logically (14/03/2018) 
#Cleaned: capital letters and typos removed (30/03/2018) 
#Additions (SCRREEN) and corrections (30/03/2018 – v5.1) 
#Additions/improvements (ORAMA) (11/07/2019 – v6.0) 
 
DomainScheme 
    MICA 
        D1 PRIMARY MINERAL RESOURCES 
            Prospecting authorization/permitting 
                Prospecting authorization 
                Exploration permit 
                Exploitation permit 
            Mineral exploration 
                Regional reconnaissance (Mineral exploration) 
                    Preliminary studies 
                    2D predictive mapping 
                    Mineral resources potential 
assessment/estimating undiscovered resources 
                    Regional geology 
                    Remote sensing (including regional geophysics) 
                    Regional geochemistry 
                    Regional heavy mineral sampling 
                Detailed surface exploration (Mineral exploration) 
                    Detailed geology 
                    Detailed geochemistry 
                    Detailed geophysics 
                    Detailed heavy mineral sampling 
                Subsurface exploration (Mineral exploration) 
                    Excavation 
                        Trenches 
                        Trial pits and sampling 
                    Drilling 
                        Auger drilling 
                        Percussion drilling 
                        Core drilling 
                Resource assessment (Mineral exploration) 
                    Drilling assessment 
                        Percussion drilling assessment 
                        Core drilling assessment 
                    Geological interpretation 
                        3D geological model 
                    Ore beneficiation tests 
                    Approximate resource calculation 
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                        3D 'block' model (Approximate resource 
calculation) 
                Ore deposit evaluation (Mineral exploration) 
                    Core drilling systematic 
                    Mine workings reconnaissance/adit mapping 
                    Geostatistical estimates 
                    Trial tests 
            Preliminary economic assessment (D1 PRIMARY MINERAL 
RESOURCES) 
            Preliminary feasibility study and feasibility study 
                Technical feasibility (Preliminary feasibility study 
and feasibility study) 
                    Geostatistics 
                    Pilot plant 
                    Grade-tonnage relationships on blocks 
                        3D 'block' model (Grade-tonnage 
relationships on blocks) 
                Economic feasibility (Preliminary feasibility study 
and feasibility study) 
                Social feasibility 
            Mine development (D1 PRIMARY MINERAL RESOURCES) 
                Finance 
                Design and construction 
                    Type of mining operation (Design and 
construction) 
                    Type of mineral processing 
                        Ore milling 
                        Pre- or primary concentration 
                        Beneficiation/concentration 
                        Metallurgical leaching 
                Operation planning 
            Mine operation 
                Lease renewals 
                Yearly reserves assessment 
                Machinery 
                Consumables 
                Mining environment (e.g., challenging to materials) 
            Mineral/ore deposit 
                Mineral deposit groups and types 
                Main/accompanying metals 
                Resources and reserves 
            Mine closure (D1 PRIMARY MINERAL RESOURCES) 
                Shut-down 
                Decommissioning 
                Remediation/reclamation 
                Restoration/rehabilitation                 
                Post-closure & long-term stewardship 
                    Monitoring programs 
                    Treatment of mine discharge water 
        D2 SECONDARY MINERAL RESOURCES 
            Stocks/materials (D2 SECONDARY MINERAL RESOURCES) 
                Metal stocks in use 
                    Stocks/metals in buildings (Metal stocks in use) 
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                    Stocks/metals in infrastructures (Metal stocks 
in use) 
                    Stocks/metals in transport systems (Metal stocks 
in use) 
                    Stocks/metals in household appliances (Metal 
stocks in use) 
                Metal stocks in industrial plants 
                Non-metal stocks in use 
                    Stocks/non-metals in buildings (Non-metal stocks 
in use) 
                    Stocks/non-metals in infrastructures (Non-metal 
stocks in use) 
                    Stocks/non-metals in transport systems (Non-
metal stocks in use) 
                    Stocks/non-metals in household appliances (Non-
metal stocks in use) 
                Non-metal stocks in industrial plants 
            Waste (D2 SECONDARY MINERAL RESOURCES) 
                Mining wastes 
                    Rocks & dumps 
                        Mineral metalliferous excavation 
                        Mineral non-metalliferous excavation 
                    Tailings 
                        Processing of metalliferous minerals 
                        Processing of non-metalliferous minerals 
                    Drilling muds and other drilling wastes 
                Manufacturing/industrial waste 
                    Smelter/refining scrap and residues/slags 
                        Metallic ferrous waste(Smelter/refining 
scrap and residues/slags) 
                        Metallic non-ferrous waste(Smelter/refining 
scrap and residues/slags) 
                        Metallic mixed waste(Smelter/refining scrap 
and residues/slags) 
                    Combustion waste 
                    Dredging spoils 
                    Mineral waste from waste treatment and 
stabilised waste 
                    Glass waste (Manufacturing/industrial waste) 
                End-of-life waste 
                    Construction and demolition waste 
                    Other mineral waste 
                    Glass waste (End-of-life waste) 
                    Discarded equipment 
                    Discarded vehicles 
                    Batteries and accumulator wastes 
                    WEEE 
                    Incineration waste 
                        Bottom ash 
                        Filter residue 
                Waste deposited in landfills 
                    Hazardous 
                    Non-hazardous 
                    Inert and underground depot 
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            Material recovery (D2 SECONDARY MINERAL RESOURCES) 
                Collection 
                Recycling (Material recovery) 
                    Recovery rates 
                    EOL recycling rates 
                    Recycling content 
                Reuse 
                Refurbishment (Material recovery) 
                Remanufacture 
                Product lifespan 
        D3 INDUSTRIAL PROCESSING AND TRANSFORMATION 
            Metallurgy & industrial mineral transformation 
                Mineralurgy of secondary resources 
                Hydrometallurgy 
                Biometallurgy/bioleaching 
                Electrometallurgy 
                Pyrometallurgy 
                Industrial rocks transformation 
            Manufacture, use & transport 
                Material design & manufacturing 
                Product manufacturing & use 
                Transport 
        D4 RAW MATERIALS ECONOMICS 
            Supply 
                Supply chain information 
                Production (Supply) 
                    Primary raw materials (Supply/Production) 
                    Secondary raw materials (Supply/Production) 
                Trade (Supply) 
                    CN codes (Supply/Trade) 
                    Primary raw materials (Supply/Trade) 
                    Secondary raw materials (Supply/Trade) 
                EU industry sectors (Supply) 
                    NACE classification (Supply/EU industry sectors) 
            Demand 
                Consumption (Demand) 
                EU industry sectors (Demand) 
                    NACE classification (Demand/EU industry sectors) 
            Investment 
                Risks 
                Investors 
            Costs 
                Exploration (Costs) 
                Mine development (Costs) 
                Production (Costs) 
                Mine closure (Costs) 
                Recycling (Costs) 
                Landfilling (Costs) 
            Commodity prices 
                LME prices 
                Non-LME prices 
                LME stocks 
                Secondary raw material prices 
            Critical raw materials 
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                Supply risk 
                    Production concentration 
                    Geopolitical risk 
                        HHI indexes (global and EU) 
                        Trade restrictions 
                    Import dependence 
                    Geological availability 
                    Substitution (Supply risk) 
                        Substitute production (Supply 
risk/Substitution) 
                        Substitute criticality (Supply 
risk/Substitution) 
                        Substitute coproduction (Supply 
risk/Substitution) 
                    Recycling rate 
                Importance for industry 
                    Commodity end uses 
                        CRM end uses 
                        Sectorial demand 
                    Value added 
                    Substitution (Importance for industry) 
                        Cost of substitution (Importance for 
industry/Substitution) 
                        Performance of substitution(Importance for 
industry/Substitution) 
        D5 RAW MATERIALS POLICY & LEGAL FRAMEWORK 
            Land use policy 
                Permitting/licensing (Land use policy) 
                Designation areas (e.g., conservation [nature, 
culture, etc.]) 
                Deposits of public importance 
            Environmental legislation 
                National environmental legislation 
                    National water legislation 
                    National soil legislation 
                    National emission legislation 
                Regional/provincial environmental laws 
                Local/communal by-laws 
                UN conventions 
                    Aarhus Convention 
                    Basle Convention 
                    HELCOM 
                    MARPOL 
                    OSPARCOM 
                EU Parliamentary resolutions 
                    EU directives 
                    EU regulation 
                National environmental policies 
                Environment health & safety policy 
            Mineral policy/strategy 
                Conflict mineral use 
            Circular economy 
                Resource efficiency policies 
                    Waste policies 
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                    Recycling policy & legislation 
            Corporate social responsability (D5 RAW MATERIALS POLICY 
& LEGAL FRAMEWORK) 
            Responsible mining 
            Product declaration 
            Standardization 
            Trade regulation and policy 
        D6 SUSTAINABILITY OF RAW MATERIALS 
            Impacts over the life cycle 
                Environmental pressures of materials, products & 
services 
                    Pressures categories 
                        Energy use (Environmental pressures of 
materials, products & services) 
                        Land use (Environmental pressures of 
materials, products & services) 
                        Extraction of resources (Environmental 
pressures of materials, products & services) 
                        Emissions of GHG & pollutants (Environmental 
pressures of materials, products & services) 
                        Final waste production (Environmental 
pressures of materials, products & services) 
                    Aggregate indicators 
                Environmental footprints of materials, products & 
services 
                    Material footprint 
                    Water footprint 
                    Carbon footprint 
                    Land footprint 
                    Environmental footprint 
            Impacts of specific processes/plants 
                Local environmental & health impacts 
                    Ecosystems, biodiversity 
                    Air and water pollution 
                    Soil contamination 
                    Human health  
                    Occupational health 
                Regional/global environmental & health impacts 
                    Transboundary air pollution 
                    Ocean pollution 
                    Climate change 
                Social impacts 
                    Workers and employment  
                    Local population 
                    Indigenous rights 
                    Gender issues 
                    Child labour 
                    Responsible sourcing 
            Compensation 
                Biodiversity compensation 
                Carbon trading 
            Resource efficiency 
                Eco-design 
                Frugal design 
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                Indicators 
            Knowledge sharing 
                Training 
                    Initial training 
                    Life-long training 
                Knowledge platforms 
            Social licence to operate (SLO) 
        D7 INTERNATIONAL REPORTING 
            Sustainable development reporting 
                Global Reporting Initiative 
                Other initiatives 
            International reporting of resources and reserves 
                Classification system 
                    CRIRSCO 'framework' 
                    National reporting code 
                    UNFC 
                    Other classification systems 
            Corporate social responsability (CSR) (D7 INTERNATIONAL 
REPORTING) 
                To communities 
                To employees 
            Shareholder information 
            Impact benefit agreements 
MethodScheme 
    Geological methods 
        Methods for regional exploration 
            Geological mapping (Methods for regional exploration) 
            Predictive methods 
            Remote sensing methods (incl. geophysics) 
            Geochemical methods (Methods for regional exploration) 
        Methods for local-scale exploration 
            Geological mapping (Methods for local-scale exploration) 
            Geophysical methods 
            Geochemical methods (Methods for local-scale 
exploration) 
        Methods for ground investigation 
            Methods for sub-surface 
            Methods for deep investigation 
        Methods for resource assessment 
            Methods for primary resources 
                3D modelling 
                Geostatistical methods 
                Feasibility studies 
                Economic assessment 
                Methods for reporting 
                Environmental assessment 
            Methods for secondary resources 
                Wastes characterization 
                Compositional analysis of stocks 
        Methods for ore treatment 
        Methods for mine closure 
    Economic methods 
        Methods to assess and/or predict monetary and/or physical 
flows 
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            Computable general equilibrium modelling 
            Input-output analysis 
        Methods to assess economic risk 
            Cost-benefit analysis 
            Criticality assessment 
            Econometrics 
            Life-cycle costing 
    Industrial ecology methods 
        Methods to assess material flows 
            Methods covering the supply chain (Methods to assess 
material flows) 
                Material flow analysis/Substance flow analysis 
                    Material flow accounting (general) 
                    Economy-wide Material flow accounting according 
to Eurostat methodology 
                    Reconciliation in MFA 
                    Substance flow analysis 
                        Substance flow accounting 
                        Static modelling of substance flows 
                        Dynamic modelling of substance flows 
                SEEA framework 
                    Monetary input-output tables (MIOT) 
                    Physical input-output tables (PIOT) 
                    Environmentally extended input-output analysis 
(EE-IOT) 
                    Environmental accounting (EE) 
                        Waste accounts 
                        Air emission accounts (AEA) 
                        Economy-wide Material flow accounts (EW-MFA) 
                        Physical energy flow accounts (PEFA) 
                        Water accounts 
                        Forest accounts 
            Methods not covering the supply chain (Methods to assess 
material flows) 
                Material balances 
                    Inputs and outputs of industrial processes 
                    Estimates of waste and emissions 
                    Stock assessments 
        Methods to assess environmental impacts 
            Methods covering the supply chain (Methods to assess 
environmental impacts) 
                Life-cycle assessment 
                    Life-cycle inventory 
                        Ecoinvent 
                        Other (Life-cycle inventory) 
                    Life-cycle impact assessment (environmental) 
                        Midpoint methods 
                            CML2001 
                            Other (Midpoint methods) 
                        Endpoint methods 
                            Other (Endpoint methods) 
                        Other methods 
                            ReCiPe 
                    Social life-cycle assessment 
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                EE-IOA 
                    Geographical coverage 
                    Sectoral coverage/level of detail 
                    Trade-Linked or not 
                    With GEM core or not 
                    Other (EE-IOA) 
                Environmental footprinting 
                    Covering a wide array of impacts 
                        PEF 
                        OEF 
                    Covering selected impacts 
                        Ecological footprint 
                        Water footprint 
                        Carbon footprint 
            Methods not covering the supply chain (Methods to assess 
environmental impacts) 
                Risk assessment methods 
                    Disasters/incidental impacts 
                        Related to explosions 
                        Related to toxic emissions 
                        Related to other accidents 
                    Environmental risk assessment 
                        Fate models 
                        Exposure models 
                            Related to human health 
                            Related to ecosystem health 
                Technology assessment 
                Environmental assessment 
        Methods to assess uncertainty in mineral intelligence 
analysis 
    Future outlook methods 
        Explanatory methods 
            Qualitative methods (Explanatory methods) 
            Quantitative methods (Explanatory methods) 
        Explanatory/normative methods 
            Qualitative methods (Explanatory/normative methods) 
            Quantitative methods (Explanatory/normative methods) 
        Normative methods 
            Qualitative methods (Normative methods) 
            Quantitative methods (Normative methods) 
DataScheme 
    General descriptive information 
        Website 
            Company (Website) 
            Government organisation (Website) 
            Lobbying group (Website) 
            Trade association (Website) 
            Other (Website) 
        Report 
            Company (Report) 
            Government organisation (Report) 
            Lobbying group (Report) 
            Trade association (Report) 
            Other (Report) 
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        Paper 
        Magazine article 
            Company (Magazine article) 
            Specialist magazines 
            Other (Magazine article) 
    Spatial data 
        Electronic (Spatial data) 
        Paper maps 
        Satellite or aerial imagery 
    Statistical data 
        Electronic (Statistical data) 
        Paper format (Statistical data) 
        Reports with statistical data 
        Infographics and other media 
    Metadata 
        Metadata on spatial data 
        Metadata on statistical data 
        Other metadata 
CommodityScheme 
    Produced commodity (INSPIRE) 
        Chemical compound product (INSPIRE) 
            Chemical oxide product (INSPIRE) 
                Alumina (INSPIRE) 
                Chrome (INSPIRE) 
                Iron oxide (INSPIRE) 
                   Ochre (INSPIRE) 
                Lithium oxide (INSPIRE) 
                Magnesia (INSPIRE) 
                Niobium pentoxide (INSPIRE) 
                Phosphorous pentoxide (INSPIRE) 
                Rare Earth Oxide (REO) (INSPIRE) 
                Tantalum pentoxide (INSPIRE) 
                Uranium oxide (INSPIRE) 
                Vanadium pentoxide (INSPIRE) 
                Yttrium oxide (INSPIRE) 
                Zirconia (INSPIRE) 
            Lime (INSPIRE) 
            Nitrate (INSPIRE) 
            Potash (INSPIRE) 
            Soda ash (INSPIRE) 
        Metal (INSPIRE) 
            Aluminium (INSPIRE) 
            Barium (INSPIRE) 
            Base metal (INSPIRE) 
                Cobalt (INSPIRE) 
                Copper (INSPIRE) 
                Lead (INSPIRE) 
                Nickel (INSPIRE) 
                Zinc (INSPIRE) 
            Beryllium (INSPIRE) 
            Bismuth (INSPIRE) 
            Cadmium (INSPIRE) 
            Cesium (INSPIRE) 
            Chromite (INSPIRE) 
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            Ferrous metal (INSPIRE) 
                Chromium (INSPIRE) 
                Iron (INSPIRE) 
                Manganese (INSPIRE) 
                Titanium (INSPIRE) 
                Vanadium (INSPIRE) 
            Gallium (INSPIRE) 
            Hafnium (INSPIRE) 
            Indium (INSPIRE) 
            Lithium (INSPIRE) 
            Magnesium (INSPIRE) 
            Mercury (INSPIRE) 
            Molybdenum (INSPIRE) 
            Niobium (INSPIRE) 
            Potassium (INSPIRE) 
            Precious metal (INSPIRE) 
                Gold (INSPIRE) 
                Platinum Group Metal (PGM) (INSPIRE) 
                    Iridium (INSPIRE) 
                    Osmium (INSPIRE) 
                    Palladium (INSPIRE) 
                    Platinum (INSPIRE) 
                    Rhodium (INSPIRE) 
                    Ruthenium (INSPIRE) 
                Silver (INSPIRE) 
            Radium (INSPIRE) 
            Rare Earth Element (REE) (INSPIRE) 
                HREE (INSPIRE) 
                    Dysprosium (INSPIRE) 
                    Erbium (INSPIRE) 
                    Holmium (INSPIRE) 
                    Lutetium (INSPIRE) 
                    Terbium (INSPIRE) 
                    Thulium (INSPIRE) 
                    Ytterbium (INSPIRE) 
                    Yttrium (INSPIRE) 
                LREE (INSPIRE) 
                    Cerium (INSPIRE) 
                    Europium (INSPIRE) 
                    Gadolinium (INSPIRE) 
                    Lanthanum (INSPIRE) 
                    Neodymium (INSPIRE) 
                    Praseodymium (INSPIRE) 
                    Promethium (INSPIRE) 
                    Samarium (INSPIRE) 
                    Scandium (INSPIRE) 
            Rhenium (INSPIRE) 
            Rubidium (INSPIRE) 
            Strontium (INSPIRE) 
            Tantalum (INSPIRE) 
            Thallium (INSPIRE) 
            Thorium (INSPIRE) 
            Tin (INSPIRE) 
            Tungsten (INSPIRE) 
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            Uranium (INSPIRE) 
            Zirconium (INSPIRE) 
        Metalloid (INSPIRE) 
            Antimony (INSPIRE) 
            Arsenic (INSPIRE) 
            Boron (INSPIRE) 
            Germanium (INSPIRE) 
            Silicon (INSPIRE) 
            Tellurium (INSPIRE) 
        Non-metal (INSPIRE) 
            Bromine (INSPIRE) 
            Fluorine (INSPIRE) 
            Iodine (INSPIRE) 
            Phosphorous (INSPIRE) 
            Selenium (INSPIRE) 
            Sulphur (INSPIRE) 
    Direct use commodity (INSPIRE) 
        Gemstone (INSPIRE) 
            Amber (INSPIRE) 
            Apatite-Gemstone (INSPIRE) 
            Beryl (INSPIRE) 
                Aquamarine (INSPIRE) 
                Emerald (INSPIRE) 
                Heliodor (INSPIRE) 
                Morganite (INSPIRE) 
            Cassiterite-Gemstone (INSPIRE) 
            Chrysoberyl (INSPIRE) 
            Cordierite (INSPIRE) 
            Corundum-Gemstone (INSPIRE) 
                Ruby (INSPIRE) 
                Sapphire (INSPIRE) 
            Diamond-Gemstone (INSPIRE) 
            Diopside-enstatite (INSPIRE) 
            Dioptase (INSPIRE) 
            Dumortierite (INSPIRE) 
            Euclase (INSPIRE) 
            Feldspar-Gemstone (INSPIRE) 
                Amazonite (INSPIRE) 
                Moonstone (INSPIRE) 
                Spectrolite (INSPIRE) 
            Garnet-Gemstone (INSPIRE) 
                Tsavorite (INSPIRE) 
            Hematite-Gemstone (INSPIRE) 
            Jade (INSPIRE) 
            Kornerupine (INSPIRE) 
            Kyanite-Gemstone (INSPIRE) 
            Lazulite (INSPIRE) 
            Malachite (INSPIRE) 
            Obsidian (INSPIRE) 
            Olivine-Gemstone (INSPIRE) 
            Phenakite (INSPIRE) 
            Prehnite (INSPIRE) 
            Quartz-Gemstone (INSPIRE) 
                Amethyst (INSPIRE) 
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                Citrine (INSPIRE) 
                Rose quartz (INSPIRE) 
                Smokey quartz (INSPIRE) 
            Rhodonite (INSPIRE) 
            Sapphirine (INSPIRE) 
            Scapolite (INSPIRE) 
            Silica-Gemstone (INSPIRE) 
                Chalcedony (INSPIRE) 
                    Agate (INSPIRE) 
                        Mossagate (INSPIRE) 
                        Onyx (INSPIRE) 
                    Carnelian (INSPIRE) 
                    Chrysoprase (INSPIRE) 
                Opal (INSPIRE) 
            Sinhalite (INSPIRE) 
            Sodalite (INSPIRE) 
            Spinel-Gemstone (INSPIRE) 
            Spodumene (INSPIRE) 
            Tanzanite (INSPIRE) 
            Topaz (INSPIRE) 
            Tourmaline (INSPIRE) 
            Turquoise (INSPIRE) 
            Variscite (INSPIRE) 
            Vesuvianite (INSPIRE) 
            Xenotime-Gemstone (INSPIRE) 
            Zircon-Gemstone (INSPIRE) 
        Industrial material (INSPIRE) 
            Aggregate (INSPIRE) 
                Natural secondary aggregate (INSPIRE) 
                Primary aggregate (INSPIRE) 
                    Crushed rock (INSPIRE) 
                    Riprap (INSPIRE) 
                    Sand and gravel (INSPIRE) 
                Recycled aggregate (INSPIRE) 
            Dimension stone (INSPIRE) 
                Basalt (INSPIRE) 
                Granite (INSPIRE) 
                Greenstone (INSPIRE) 
                Limestone (INSPIRE) 
                Marble (INSPIRE) 
                Miscellaneous dimension stones (INSPIRE) 
                Sandstone (INSPIRE) 
                Slate (INSPIRE) 
            Direct shipping ore (INSPIRE) 
                Bauxite (INSPIRE) 
                Iron ore (INSPIRE) 
                    Hematite ore (INSPIRE) 
                    Magnetite ore (INSPIRE) 
                Manganese ore (INSPIRE) 
            Industrial rock (INSPIRE) 
                Diatomite (INSPIRE) 
                Laterite (INSPIRE) 
                Nepheline syenite (INSPIRE) 
                Perlite (INSPIRE) 
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                Phosphate rock (INSPIRE) 
                Pozzolan (INSPIRE) 
                Pumice (INSPIRE) 
                Shell grit (INSPIRE) 
                Spongolite (INSPIRE) 
            Organic material (INSPIRE) 
                Carbonaceous material (INSPIRE) 
                    Coal (INSPIRE) 
                        Anthracite (INSPIRE) 
                        Black coal (INSPIRE) 
                        Brown coal (INSPIRE) 
                    Peat (INSPIRE) 
                Gaseous hydrocarbons (INSPIRE) 
                    Coal bed methane (INSPIRE) 
                    Gas hydrate (INSPIRE) 
                    Reservoir gas (INSPIRE) 
                Liquid hydrocarbons (INSPIRE) 
                    Asphalt (INSPIRE) 
                    Oil (INSPIRE) 
                    Oil shale (INSPIRE) 
                    Tar sand (INSPIRE) 
            Sand (INSPIRE) 
                Foundry sand (INSPIRE) 
                Frac sand (INSPIRE) 
        Industrial mineral (INSPIRE) 
            Aluminosilicate (INSPIRE) 
                Andalusite (INSPIRE) 
                Kyanite (INSPIRE) 
                Pyrophyllite (INSPIRE) 
                Sillimanite (INSPIRE) 
            Alunite (INSPIRE) 
            Apatite (INSPIRE) 
            Asbestos (INSPIRE) 
                Asbestos-amphibole (INSPIRE) 
                    Anthophyllite (INSPIRE) 
                    Crocidolite (INSPIRE) 
                Asbestos-serpentine (INSPIRE) 
                    Chrysotile (INSPIRE) 
            Baryte (INSPIRE) 
            Borate (INSPIRE) 
            Calcite (INSPIRE) 
            Chlorite (INSPIRE) 
            Clay (INSPIRE) 
                Brick clay (INSPIRE) 
                Fuller's earth (INSPIRE) 
                    Bentonite (INSPIRE) 
                    Palygorskite (INSPIRE) 
                Halloysite (INSPIRE) 
                Kaolin (INSPIRE) 
                Sepiolite (INSPIRE) 
                White-firing clay (INSPIRE) 
            Corundum (INSPIRE) 
            Cryolite (INSPIRE) 
            Diamond (INSPIRE) 
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            Epsomite (INSPIRE) 
            Evaporite (INSPIRE) 
                Anhydrite (INSPIRE) 
                Carnallite (INSPIRE) 
                Gypsum (INSPIRE) 
                Salt (INSPIRE) 
                Sylvite (INSPIRE) 
            Feldspar (INSPIRE) 
            Fluorite (INSPIRE) 
            Garnet (INSPIRE) 
            Glauconite (INSPIRE) 
            Graphite (INSPIRE) 
            Hematite (INSPIRE) 
            Ilmenite (INSPIRE) 
            Jarosite (INSPIRE) 
            Leucoxene (INSPIRE) 
            Magnesite (INSPIRE) 
            Magnetite (INSPIRE) 
            Mica (INSPIRE) 
            Molybdenite (INSPIRE) 
            Monazite (INSPIRE) 
            Olivine (INSPIRE) 
            Pyrite (INSPIRE) 
            Quartz (INSPIRE) 
            Rutile (INSPIRE) 
            Saponite (INSPIRE) 
            Sericite (INSPIRE) 
            Serpentine (INSPIRE) 
            Silica (INSPIRE) 
                Chert (INSPIRE) 
            Spinel (INSPIRE) 
            Staurolite (INSPIRE) 
            Strontianite (INSPIRE) 
            Talc (INSPIRE) 
            Thenardite (INSPIRE) 
            Tremolite-actinolite (INSPIRE) 
            Vermiculite (INSPIRE) 
            Wollastonite (INSPIRE) 
            Zeolite (INSPIRE) 
            Zircon (INSPIRE) 
TemporalScheme 
    Future 
        Very long term (T > 30 years) 
        Long term (5 < T < 30 years) 
        Near future (T < 5 years) 
    Present 
    Recent past 
    Historic 
    Geological 
SpatialScheme 
    Scale 
        Global level 
        Continental level 
            Africa 
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            America 
                North America 
                Central America 
                South America 
            Asia 
            Europe 
                EU 15 
                Non-EU 15 
                EU 28 
                Non-EU 28 
            Oceania 
            Antarctica 
         National level 
            EU Member State 
            Non-EU Member State 
                EU candidate countries 
                EU potential candidate countries 
                European Neighbourhood 
                Strategic partners 
        Regional level 
            NUTS 1 
            NUTS 2 
            NUTS 3 
        Local level 
            LAU 1 
            LAU 2 
        Site level 
    Continental vs. marine 
        On-shore 
        Off-shore 
ValueSupplyChainScheme 
    Value/supply chain 
        Exploration (Value/supply chain) 
            Regional reconnaissance (Exploration) 
            Detailed surface exploration (Exploration) 
            Subsurface exploration (Exploration) 
            Resource assessment (Exploration) 
            Ore deposit evaluation (Exploration) 
        Preliminary economic assessment (Value/supply chain) 
        Pre-feasibility & feasibility 
            Technical (Pre-feasibility & feasibility) 
            Economic (Pre-feasibility & feasibility) 
            Social 
        Mine development (Value/supply chain) 
            Type of mining operation (Mine development) 
            Type of processing 
        Mining 
        Processing and beneficiation 
        Metallurgy 
        Fabrication 
        Manufacturing 
        Packaging 
        Transport (Value/supply chain) 
        Use 
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        Hibernation 
        Wastes management 
            Reuse, repair, refurbish & remanufacture 
            Recycling and material recovery 
            Down-cycling/disposal 
            Landfilling 
            Mine closure operations 
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