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Case studies DITIN=ERIS

® Spatial Data Infrastructure
 EGIP Pilot

® EU projects internal communication
* DESCRAMBLE, GEMex, DeepU

¥ MaxEnt computation
* Using Al to predict global geothermal suitability for power generation
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Geothermal ERA-NET |

/WPl — ICELAND Y

Coordination, Management & Dissemination

WP3 - ITALY

Towards a EU Geothermal Database

WP2 — NETHERLANDS WP4 = GERMANY WP7- ERA NET +
. ) Development of joint activities -
Information exchange on national - ITALY \
incentives and status of geothermal WP6 — ICELAND Implementation /
il Transnational Mobility & Training of joint activities or othe "
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Background

High fragmentation, databases and data- Different kind of information are managed by
sharing systems are mostly based at a national different stakeholders
level, provided in the local language, and are

suitable for local or specialized applications

European Geothermal Information Platform

reduce information fragmentation
implify d ..
reduce projectrisks (economic aspects)
Raise awareness about geothermal energy by providing an overview of its application at the
European scale
increase the focus on and investments in geothermal energy.
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Towards a Geothermal European Information

Platform EGIP — state of the art
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1. Specifically mentioned in the EU Commission Call
[Topic ENERGY.2011.10.2-2, FP7-ERANET-2011-RTD]
which led to the current GEO ERA-NET Project

2. Tofoster geothermal energy development in Europe,

EGIP: Why? the organization and sharing of geothermal data play an

importantrole

3. To minimize data fragmentation, databases and data-
sharing systems are mostly based at at a national level,
provided in the local language, and are suitable for local
or specialized applications



Case |

EGIP: aims?

AN

simplify data provision

reduce project risks (economic aspects)
Raise awareness about geothermal energy by
providing an overview of its application at the
European scale

increase the focus on and investments in
geothermal energy.

DITIN=ERIS



Case | @ ITIN=ERIS

O potential international energy users (international
operators and funding agencies interested in
launching new geothermal projects)

O any geothermal stakeholder

O to respond to the increasing concerns of non-
geothermal sector stakeholders that geothermal
applications are too confusing and difficult to
manage

EGIP: for who?

» distributed system: each (national) data provider
EGIP: what is? delivers its data according to a common standard

data model and common services

» Not only scientific data from underground

» Information are catalogued and served following the
INSPIRE directives

» A EU portal will request all national service providers
to deliver their part of the European puzzle
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Step-by-step plan:
o First step - Stage 0: map the links and documents where
EGIP: how? geothermal information is currently provided at a national level
o Shortterm — Stage 1: implemented as Joint Activity in GEO
ERA-NET

o Medium term — Stage 2
o Longterm - Stage 3
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EGIP Functionalities

overview

EGIP tools have to guarantee a
360° data browsing (e.g.,
browsing from a catalogue to a
document, from a document to
a tabled info or spatial data)
and allowing a deep survey
into the geothermal
knowledge.
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EGIP pilot concepts:
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The aim of this early stage is to prove the effectiveness and
efficiency of EGIP

The initial development of the pilot project involved setting up a
geothermal common data model and the management and

optimization of services

EGIP is designed to fully satisfy the end-user by providing easy
and useful data retrieval and cost containment, in compliance
with INSPIRE rules for building a (spatial) Data Infrastructure
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Set-up EGIP pilot:

Startup conference call with BRGM 02/04/2014

Produced documents:
» EGIP xsd
» EGIP_Pilot_data_model_1.0.pdf

o Conference call minute with volunteer

partners:

v' Conf#101/07/2014
v' Conf#216/07/2014
v' Conf#331/07/2014
v Conf #4 06/08/2014
v' Conf #5 25/08/2014
v Conf #6 04/09/2014

- <schy =" qualified"
—<annotation>
<documentation>EGIP Pilot</documentation>
<lannotation>
<import na
1.1 Schesa o
~<elemen! name.
—<annotation>
~<documentation >
~ Name - heat flow line ~ Definition - Represents heat flow isolines.
</documentation>
<jannotations>
<lelement>
- <complexType name="HeatFlowLineType">
~<complexContent>
-<extension base=‘eqip:GeothormalDataType">
— <sequence>
~<element name="heatFlow" type="integer’>
~<annotation>
<documentation>- Definition ~ Value in mW/m2. </documentation>
</annotation>
<jelement>
~<element name="heatFlowLineType" type="string">
~<annotation>
- <documentation>
~ Definition ~ Type of heatflow line. Defined in the Isoline type codeList.
<idocumentation>
<fannotation>
<jelement>
~<element name="geometry* type="gqml-CurvePropertyType'>
-<annotation>
<documentation>- Definition ~ Geometry of the HeatFlowLine</documentation>

“hitp-fieqip bram fr/EqipPilot/1.3* version="1.3">

apecange- =
"He Line" substitutionGroup="egip:GeathermalData’ type="egip:HeatFlowLineType'>

ypengis.netigmi/3.2" schy ion=""httpffsch netigml/3.2.1jgml.xsd"/>

@ITIN=RIS

</annotation>
</element>
</sequence>
<fextension>
</complexContent>
<icomplexType>
- <complexType name="HeatFlowLinePropertyType">
- <sequence minOccurs="0">
<element ref="egip:HeatFlowLine’t>
</sequence>
<attributeGroup ref="ml:AssociationAteributeGroup'/>
>

ref="qul-0 'L
S

EGIP pilot implementation
Game’s rules

Geothermal

EGIP Pilot — Data model

BRGH
Number
Ot ramte S 0 R © o+ Tk 45449 8
P

CNR Trumpy, Manzella
BRGM Calcagno
trumpy@igg.cnr.t
June 2014
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EGIP Architecture overview |
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=T OF _0tRes Ahdew\iper
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OGC - 5 ‘ « European products» ‘
Open Geospatial Consortium, Inc. ?@@ {S’ 3 :
o IB!M\%\Q e -
A | | |
‘. Catalogue service
(CSW)
mmon rules for: | .
1. Metadata (INSPIRE) ‘Q‘.
2. Web Services: ' ' '
. g g » »
e ‘e ‘s *s ‘s T =
- Access (download) \:/
- Process

Metadata describing

datasets and services
3. Common data model,

used by services to deliver < < < < D }:\
and process data DB1 DB2 DB3 DB4 N
) ) | For the services:
‘. -View and access/download services are well specified in INSPIRE
- Process services have to be compliant with a generalframework
Each provider delivers a piece of the puzzle: only
7 . For the common data model to be used by the access, download
Which can be ma g 2 and process services:
p"; o T - to specify this data model: input from existing DB, and INSPIRE

requirements
- Development of vocabularies (code-lists)
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EGIP Architecture overview |

The EGIP @ national level:

1. Collecting/preparing the data

2. Data mapping (if needed) ‘*.

3. Creating catalogue of the metadata (following the INSPIRE
rules)

4. Implementing discovery, view, download services WG

The EGIP @ EU level:

@ﬁGIP EUROPEAN GEOTHERMAL INFORMATION PLATFORM

1. Preparation of the xsd file and EGIP data model
documentation

2. Web portal implementation

3. Setting up the portal the web services retrieved from the

confederate national portals
4. Checking the EU-portal functionalities
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EGIP pilot — Stage 1: list
of data

Step-by-step plan:

o First step - Stage 0:

o Shortterm — Stage 1

o Medium term — Stage 2
o Longterm - Stage 3

Table 1: List of information to include in EGIP Pilot.

@ITIN=RIS

. INSPIRE
Information Format Spatial gﬁg‘;:ﬁgz INiZ:?EO:OPIC theme
gory category
Map coverage
i.e. 2D grid e
Temperature ( % Geoscientific Energy
1 maps Structured YES format. This is e o Hosolroes
preferred) or
vector format
Map coverage
(i.e. 2D grid .
2 Surface Heal  gyuctured  YES  format. Thisis  Ccoscientific Enorgy
Flow information Resources
preferred) or
vector format
Exploration and Area
production Exploration and  management /
3 licenses and Structured YES Map (vector) production restriction /
(projected) power licenses regulation
production zones
: NO
4 Envnmania! yn- Document Environment -
impact laws Structured Country
Licencing NO
5 regulations Un- Dot Planning B
(exploration/exploi  Structured Country cadastre
tation)
2 NO
6 Legal.condltions un: Document Structure -
for grid access Structured Country
NO
Geothermal Un-
% roadmaps Structured oty SocIeRk Eeagy :
Un- NO D E
ocument conomy -
8 Insurance Structured Country
Royalties & taxes, Un NO
support scheme A Document Economy G
¢ (feed-in tariffs, Structured Country
grants, ...)
List of education ;
10 & research List YES Map (vector) Structure -
institutes
Production
11 listol ndlstrias List YES Map (vector) Structure anga igiill_:il:;rial
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The EGIP consortium:

The volunteers participating countries up to now:

@ National Research Council of ITALY
g~ Bureau de Recherches Géologiques et Miniéres - FRANCE
c Swiss Federal Office of Energy (with Swiss Geological Survey)
@%@ﬂ Magyar Foldtani és Geofizikai Intézet - HUNGARY
[Horcustornun QS Qrkustofnun - ICELAND

aaaaaaaaaaaaaaaaaaaaaaa

Slovenia Geological survey
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How does EGIP work?

@G’P pilotinitiative deploy a data infrastructure aimed at facilitating
open access, the sharing of data, collaborative analysis,
processing and mining processing, as well as the dissemination Powered by:

of newly generated knowledge.

a ORG
The EGIP pilot offers a flexible and secure web-based, community-
centric platforms, so geothermal stakeholders can work together on g@eU B |
common challenges

The EGIP platform uses a specific Virtual Research Environment
(VRE) set-up exploiting some of the D4Science infrastructure
capabilities, which are developed and operated employing the gCube
technology

The EGIP follows the INSPIRE specification and deploy OGC
standard services
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What does EGIP

e)(p | O |t ? EGIP pilotis exploiting a Hybrid Data Infrastructure combining
over 500 software components into a coherent and centrally
managed system of hardware, software, and data resources

Infrastructure: key characteristics

v’ Efficient and tailored storage technologies

v' Computational environments dealing with the volume of the
data

v’ Elastic management of the resources, monitoring, alerting,
recovery

N

Collaborative environment to support scientific communities

AN

Rich portfolio of applications to perform access, validation,
enriching, processing, sharing, and mash-up of data
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The EGIP apps

(Qxaip

C4YB

CUB

CUB

@ITIN=ERIS

application in EGIP belongs three different domains

ConnectCube applications are a comprehensive suite of tools, which
support a collaborative, standards-oriented data publication
environment:

 Shared workspace

* Social Network facilities

GeosCube applications help practitioners dealing with geospatial
information to properly access and consume:

« Geospatial Data Discovery

* Metadata catalogue @

StatCube applications make up analytical tools:
li;> Statistical manager
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~
Visualization:

GeoServer
[Others]

/ A

GeoExplorer
p /'

DECRETO LEGISLATIVO 29 dicembre 2002, n. 287

DECRETO LEGISLATIVO 2 marzo 2011, n. 28

LEGGE 7 agosto 2012, n. 134 Conversione

O00O0OO0O

DECRETO 6 luglio 2012 Attuszione dell'srt. 24 del deore..

LEGGE 17 dicembre 2012, n. 221 Conversicne in legge., ..

in legge. con ..

LEGGE 2 agosto 2013, n. 88 Conversicne in legge, con ..

Documents )
Sharing:

Workspacc—‘/“\
Social @

Processing:

A

Statistical

Manager@

’,‘94’/1;3,”,5@\}‘*\

GeoServ
r
Italy

GeoServe
r
Hungary

GeoServer

L Switzerland

@ITIN=RIS

PN

France

[ MapServer

Y

GeoServer |
Slovenia i

GeoServer
Iceland
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EGIP ~

EGIP pilot website

Toward EGIP e /
European Geothermal Infotmation Platform °

ocoe

Welcome

my

vector conom

Welcome in the EGIP pilot project web site!

The EGIP pilot is the result of a Joint Activity carried out in the frame of the
Geothermal ERA-NET coordination project supported by European Union’s
Seventh Programme.

Co
6 ‘96“@
Yo

Registration and
access

The core function of the EGIP is to organize geothermal data and information at
a European scale.

The EGIP pilot is aimed to the platform i and

EGIP Pilot Gateway Sign In

o Qpctarsaomesy This gateway is an access point 1o data and information related to Emall Address
7, (F4tM°  geothemnal energy, and to a number of services set up for the

Ao
G ’v /ﬁnformatlon European Geothermal Information Platform (EGIP) Piiot ©-umpy @i i

ator Password
m; U810, 1 pic, capioped e cpaated i the conent of the Gao | | P
. ERA-NET project, provides only the nucleus of the EGIP and .
£, E ., contains the most urgent information and some main functionality to
mw,,q,,,, & show 1o the Euopean Geothermal community (Le.. scientific.
Soctare 77 Dawioe political and industrial stakeholders) the effectiveness and efficiency

of a European Geothermal Information Platform.

The objective of EGIP is 1o ensure that otherwise dispersed and heterogeneous data is avallable to all
stakeholder communities through a shared virtual environment that brings together multidiscipinary data sources. & Create Account 7 Forgot Password

.
SUpPORS Cross-cutting scientific analysis, and assists communication.

I O a O I I I l EGIP Piot exploits the services offered by the high performance e-nfrastructure made avatable by
the DaScience.org organization and the federation and integration of the resources provided by the participating
volunteers (¢.9.. catalogue of data, data, documents)

The gateway offers various applications to community members, enabling metadata discovery function, spatial
data view, query and downioad, statistical data analysis. Faciliies for collaboration, such as Collaboration
Environments, Social Networking and Shared Workspace, are also provided.
Please register (by clicking on Create Account) 1o use the offered services.

The gateway and the D4Science Infrastructure are developed and operated by using the gCube technology.
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EGIP web site |

EGIP menu:

Target
Background
Objectives
Contents
Functionalities

Y VVYVYYVY

@ITIN=RIS

EGIP menu

@G’P EGIP ~  LOT ~ JOINEGIPPILOT  ACCESSEGIP

Target
Background
Objectives
Contents

Functionalities

Toward EGIP

Eurepean: Geothermal Information Platform

(ollef }

Welcome
o

Welcome in th ilot proj ite! o

elcome in the EGIP pilot project web site %o 1‘21/@ . Q)VGCtOr E conomy
The EGIP pilot is the result of a Joint Activity carried out in the frame of the ;/‘bc%‘(f\w@os 6:9{0:) ’w,, ,Q/ @&h
Geothermal ERA-NET coordination project supported by European Union’s ; @/GSS %;\ /\ O

& _}w‘ 4 ;’
Seventh Programme. SA)) O Informatlon
. ) . . _ > O 6t YA classes lidator"

The core function of the EGIP is to organize geothermal data and information at C(;‘/z “\ S valldato

a European scale.

&éj\}\ scountry,

o ;
The EGIP pllot is aimed to demonstrate the platform capabllltles and usefulness o 2.2 = S, VE
T e TR e o~ \‘ Kp(/\?]l_ o~ 134
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EGIP web site Pilot ment

@GIP EGIP ~ PIOT -~ JOINEGIPPILOT  AGCESS EGIP

Pilot menu: EGI P Am
> Data Pilot project
» Applications
= connectCube
= geosCube

= statCube Pilot project

» Consortium N _ o -
This is the portal of the European Geothermal Information Platform (EGIP) pilot project, offering a number of services, information and data
> E'| nfra Stru Ctu re specially set up for the Geothermal ERA-NET project. EGIP pilot exploits the services offered by the high performance e-Infrastructure made
available by D4Science.org organization [see the detailed description] and the federation and integration of the resources provided by the
participating volunteers (e.g., Catalogue of data, data, web services and documents).
This pilot provides only the nucleus of the EGIP and contains only the most urgent information and some main functionality to prove to the
European Geothermal community the effectiveness and efficiency of a European Geothermal Information Platform.
When you ACCESS the available applications allow you to enable metadata discovery function; spatial data view, query and download,
statistical data analysis. Facilities for collaboration, such as Collaboration Environments, Social Networking and Shared Workspace are also
provided.
Please register to use the offered services

e-Infrastructure
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EGIP web site |

e (Contactreferences

* Documents
describing how to
join in EGIP pilot

DITIN=ERIS

D Join EGIP pilot

@GIP EGIP + PILOT - JOINEGIPPILOT  ACGESS EGIP
~—
This are the instructions for preparing data, contact us for details:

National Research Council of Italy - CNR
1, G. Moruzzi street

56124 Pisa, Italy

P: (+38) 050 621 2324

CNR - IGG
e.trumpy at igg.cnr.it

Title Author

EGIP data model Written by Super User
Games rules Written by Super User
eqip.xsd Written by Super User

You are here:  Home / Join EGIP pilot

Links Pilot consortium
m European Commission CNR - National Research Council of ltaly
. BRGM - Bureau de Recherches Geologiques et Minieres
7" Framework program SFOE - Swiss Federal Office of Energy (with Swiss
Geothirmal “Geotherma ERA-NET e aicalsEy)

MFGI - Magyar Foldtani es Geofizikai Intezet

z
; INSPIRE

Powered by
geuUBE

Acknowledgement:
All the graphs have been realized by Lorenzo Gori - CNR
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@GIP EUROPEAN GEOTHERMAL INFORMATION PLATFORM

EGIP web |

Welcome to EGIP Pilot Gateway C li C k h e re to .
-

L]
S | t e | V EGIP VRE Enter the EGIP Virtual Reseach Environm Q e nter |
/
The EGIP VRE supports by default two important appli™ Ba il ual
Workspace and the Social Network facilities , which provide a collaborative,
standard-oriented data publication environment, including semantic technologies. /

Other available EGIP VRE applications are:

The EGIP capabilities, as established for the
EGIP pilot, are here provided within EGIP
Virtual Research Environment (VRE). The
EGIP VRE deploys services offered by the
high performance e-Infrastructure
D4science and the federation and
integration of resources provided by
participating volunteers.

Metadata Catalogue: harvests gecthermal metadata, via the OGC
» CSW protocol, from the EGIP pilot National volunteer partners. It
shows the registered metadata according to the INSPIRE
requirements. The catalogue allows users to search and discover the
Geothermal information belonging to EGIP.

Geo Explorer: allows to insert all spatial layers registered in the
Metadata Catalogue in a map. Geo Explorer has main webGIS
functionalities such as zoom in, zoom out, pan, data selection and
data interrogation. For each layer the user can: i) adjust the opacity,
i) setup a data filter and iii) see the legend. Both the assembled map
and each layer can be exported and downloaded locally or saved in
the workspace available in the EGIP VRE to be shared with other

statistical data analysis but also facilities for registered users. . o S pé ti a l d a t a Data Set

collaboration, such as  Collaboration 2 Statistical manager: provides a large number of tools to analyse

: . : * the available datasets. In EGIP VRE, as demonstration of this M M
Environments, Social Networking and Shared 4 d l
Workspace - powerful tool, only a few and simple algorithms has been IS C Ove ry, a n a ySI S

Up to now EGIP provides community
members with different applications not only
enabling metadata discovery function;
spatial data wview, query and download,

implemented, to examine the Geothermal Energy production trend — o

in the Geothermal ERA-NET partner countries. Vi eW a n d T R o
download

@}GIP EUROPEAN GEOTHERMAL INFORMATIQN PLATFORM

EGIP Administration Data Catalog Geo Explorer Statistical Manager Calendar

Platform Metadata
home page catalogue
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EGIP platform: Data (OEGIP EUROPEAN GEOTHERMAL INFORMATION PLATFORM

EGIP Administration Data Catalog Geo Explorer Statistical Manager

Catalogue

. . . Geothermal
The Geonetwork web application is I —

. User: Eugenio Trumpy
accessible through the portal | sl see | A st | < Showmsp

IWHM'-’ FIND INTERACTIVE MAPS, GIS DATASETS, SATELLITE IMAGERY AND RELATED APPLICATIONS
WHERE? Aggregated results matching search criteria: 1-10/87 (page 1/9), 0 selected
Select: all, none | H actions on selection |

CS-W catalogue: _Q‘ b Sortey [Rolevance ]

* Harvests the metadata from partners Gror | TEWPERATURE ATSKNDEPTH, 0
Abstract Map of temperature at 3 km depth (below ground level), Hungary
m eta d ata C ata l.ogu e S Keywords geothermal energy. map, Hungary, Energy resources, EGIP. MFGI
Schema is019139
Extent 16.1899332211423 45.7131597785264 22.9348095750262 48.5414018776899

2009-01-01T00:00:00 2014-01-19T00:00:00

* Metadata collection for spatial dataset

Search

e PMetadata collection for documents Reset || [@Metadata | [ Tnteractive Mep |

FOptions

* INSPIRE Standard ISO-19139 » Applications

» AudiolVideo "/HEAT FLOWLINES L5 S
. + Case studies, best practices :5@
[ ] D ublln—core » Conference proceedings L\_:
+ Datasets . Abstract Heat flow line data for EGIP
o + Directories Keywaords geothermal energy, ENergy resources,
® S pa tl a l searc h » Interactive resources Switzerland, EGIP (European Geothermal
» Maps & graphics Information Platform)
+ Other information resources Schema is019139

b TeXt SearC h + Photo Extent 5.835 45.658 10.978 47.857

+ Physical Samples
+ Registers [ @ Metadata | [ Interactive Map |

» 73950 Servers

CR T

®

o in Eur,
& %

Open Geospatial Consortium, Inc.
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EGIP platform:
GIP EUROPEAN GEOTHERMAL INFORMATION PLATFORM |
GeoExplorer

GisViewer

GeQExplorer [l s (J st G sctmmmsion
Search for Title |enter a text Q (X} @

Geo-explorer capabilities: R e ——— N
« Harvest the spatial dataset from o S
partners .
 Show spatial layers e
* Browse map: zoom, pan 9
* Query spatial layer
* Manage the layer opacity
 Save & Share the layers and
maps
 Metadata outlook .

TrainingCenter The class TrainingCenter was created to present a list of Educ... France, Education, TrainingCenter, EGIP TrainingCenter
Publication Date: Thu Aug 28 16:44:18 GMT+200 2014
Scope Code: DATASET

TemperatureUnit The class Temps Unit presents a map. Tem... France, Temperaturelnit, EGIP TemperaturelUnit
Publication Date: Thu Aug 28 16:44:16 GMT+200 2014
Scope Code: DATASET

TemperatureLine The class Temp ine presents a map. Tem... ine, France, EGIP TemperatureLine
Publication Date: Thu Aug 28 16:44:15 GMT+200 2014
Scope Code: DATASET

Temperature map at 3 km depth Temperature map at 3km depth (below ground level) of Italy geothermal energy, Energy resources, D4Science, map, ltaly, ..  1GG:area_temp_3000
Publication Date: Wed Jun 25 11:31:37 GMT+200 2014
Scope Code: DATASET

Temperature map at 2 km depth Temperature map at 2km depth (below ground level) of Itafy geothermal energy, Energy resources, D4Science, map, Italy, ... 1GG:area_temp_2000
Publication Date: Wed Jun 25 11:31:37 GMT+200 2014
Scope Code: DATASET

Temperature map at 1 km depth Temperature map at 1km depth (below ground level) of Italy geothermal energy, Energy resources, D4Science, map, Italy, ... IGG:area_temp_1000
Publication Date: Wed Jun 25 11:31:35 GMT+200 2014
Scope Code: DATASET

Temperature at 3 km depth, Hungary Map of temperature at 3 km depth (below ground level), Hungary geothermal energy, MFGI, EGIP, map, Energy resources, Hun_  temp3000 . —
Publication Date: Thu Aug 28 14:24:08 GMT+200 2014 - -
Scope Code: DATASET

Temperature at 2 km depth, Hungary Map of temperature at 2 km depth (below ground level), Hungary geothermal energy, MFGI, EGIP, map, Energy resources, Hun... temp2000
Publication Date: Thu Aug 28 14:24:07 GMT+200 2014
Scope Code: DATASET

Temperature at 1 km depth, Hungary Map of temperature at 1 km depth (below ground level), Hungary  geothermal energy, MFGI, EGIP, map, Encrgy resources, Hun...  templ000
Publication Date: Thu Aug 28 14:23:59 GMT+200 2014
Scope Code: DATASET

O
2 ® ® ® @ © ® @® @© @® @

Temperature Isoline at 3 km depth Temperature map at 3km depth (below ground level) of taly geothermal energy, Energy resources, D4Science, map, llaly, .. 1GGiso_3000
Publication Date: Wed Jun 25 11:31:31 GMT+200 2014
Scope Code: DATASET

4 4 |Pager of2| b Bl | & Displaying 1 - £



Case | @ITIN=RIS

EG | P p | atfo F'm.: * HeatFlowUnit amongvolunteer’s participants
Geokx 0 | orer GIP EUROPEAN GEOTHERMAL INFORMATION PLATFORM

‘Data Cata B

%,
%, &
O oS’

Geo Explorer ‘Statistical Manager

. . egent en
* Visualize the S W <3omwm2
7> Heatf [0 30-40mw/m2
[J40-50mw/m2

Temperature and (st D30-20mwim2

[J50-75mwW/m2

Heat Flow maps of D50-100mwm2

[]60-70mW/m2
H 70-80mW/m2
the contributors Biosomyne
DSO-QOmW/mz
[]90-100mW/m2
D 100-150mwW/m2
|:| 150-175mwW/m2
* Inspect contents 0 150-200mW/m2
[J175-200mw/m2
[J200-400mwW/m2
[0 >400mw/m?2

* Getasummary of the =
metadata

Latitudesani 87800 L ongi

.: Data (visualization fimited to 200 rows) LY [5] ¥
IGG:HeatFlowUn */|| HeatFlowUnit swisstopo:heatFioy heatflow

No data found in this selection for this area.

£
+
G eQ Exp l ore r m Add Selected Layers o) Remove All Layers @ Add External WMS Layer

Search for Title Q :g‘? . Summary layer info
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EGIP platform:

GeoExplorer

* HeatFlowUnit amongvolunteers participants

:Goto v i Manage v

@GIP EUROPEAN GEOTHERMAL INFORMATION PLATFORM

Data Catalog Geo Explorer Statistical Manager

geﬁd mj;-leat’FlOWU nit: result of the

00 400 200-400.
‘query
G_ eQ Exp l orer W—‘ Add Selected Layers ||| ¢ 4 Remove AllLayers | {ine) Add External WS Layer
Search for Title text Q 2

@ ITIN=RIS

."\ Eugenio Trumpy ( Sign Out)

Report an issue

.: Summary layer info

Download
dataset
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EGIP platform: Statistical @

fGoto~ SEManage~ | [Geadrwoias B Eugenio Trumpy (sionou) |
Manager " " (OJEGIP EUROPEAN GEOTHERMAL INFORMATION PLATFORM

&“oﬂ in Ellr%

Report an issue ‘

EGIP Administration Data Catalog Geo Explorer Statistical Manager Calendar
38 | Access to the Execute an "I Check the
STAT|ST|CAL, MANAG ER ((gr) back _)a Data Space @ Experiment E:'ﬁ#j Computations
.z Operators <% ”\_; .. Computation H\_; Computations Execution |
=R * & User Perspestive - Tools € Remove All Operators
ANOMALIES DETECTION 4) > ?
DATA CLUSTERING (4) > .
Egip Energy Trends
TIME SERIES (1) > An algorithm reporting the energy trends for the countries contributing to EGIP |
MAPS 1) > Computation Title:  Egip Energy Trends-2014-09-04 18:31
‘GEOQ PROCESSING (3) >

EGIP (4)

CountryName ALL The country on which the analysis will focus (ALL to get statistics about all countries)
Egip Energy Aggregated Distribution

An algorithm reporting the aggregated energy in a time StartYear 1990 The starting year of the analysis
rmnne ninduced hy the countries contrihuting io EGIP

Integer Value

Egip Energy Country Distribution

An algorithm reporting the energy produced by the EndYear 2013 The final year of the analysis

_cnuntries conrhutin tn FGIP Integer value

Egip Energy Trends
An algorithm reporting the energy trends for the countries
\enntributing tn FGIR J

Egip Energy Year Distribution |b Stext Compuiaiin

An algorithm reporting the energy produced per year by
the countries contributing tn EGIE

Statistical analysis:

* Analysis served by WPS * Manage series
* Import dataset « Execute and get results as different chart & plot
* Define analysis name * Share your analysis
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EGIP platform: Statistical

Manager

Collect and aggregate
Information

Energy Production
Trends per country
and year

A

S Goto v i Manage -~

e

@GIP EUROPEAN GEOTHERMAL INFORMATION PLATFORM

EGIP Administration

Data Catalog Geo Explorer Statistical Manager Calendar

STATISTICAL? MANAGER (¢ g0 back

. Operators
|z & % | B User Perspective =
ANOMALIES DETECTION (4)

=]

Access to the
Data Space

»

oGC

Open Geospatial Consortium, Inc.

Execute an
Experiment

@ITIN=RIS

qonin Ellr%

“opy

\NSP//%

3 ¢
monpse™

S
(Emﬁ%‘

Check the
Computations

m Eugenio Trumpy ( Sign Out)

« “L; C i "L;.: ions E:

Tools ) Remove Computations Log

DATA CLUSTERING (4)

The computation Egip Energy Year Distribution finished.

TIME SERIES (1)

Th

MAPS (1)

Images
Images

GEO PROCESSING (3)

|5 save allimages on the Workspace
MegaWatt Electrical

EGIP (4)

Histogram Chart

Egip Energy Aggregated Distribution
An algorithm reporiing the aggregated energy in a time
sanne nmduced hy the countries contdhuting o EGID

Egip Energy Country Distribution
An algarithm reporting the energy produced by the
eounites eontihuting tn EGIP

Egip Energy Trends

conihuina tn FGIE

Egip Energy Year Distribution

An algunmm reporting the energy praduced per year by
tha 10 EGID

s,
%
£ "%
[m 1990 W 1995 m 2000 2005 W 2010 m 2013]

MegaWatt Thermal

Report an issue
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EGIP platform:
Collaborative
environment

@ITIN=RIS

A single place to

* Manage all the portal extension

Notifications Page
Workspace Search in your Workspace

A B !_’; Eugenio Trumpy ( Sign Out)

oy = B i2Goto~  ; Manage

Q WROPE AGEOTHERMAL INFORMATION PLATFORM
Home Social Manage user profile

Messages
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EGIP platform: Collaborative

environment, Social facilities

Am =

A single place to

*Get status and updates from
applications and other users

*Get notifications about messages,
jobs completion, new generated
products, etc.

EGIP

Ef iiGoto~ i Manage~ | [G

@ITIN=RIS

|

m Eugenio Trumpy ( Sign Out )

(a}GlP EUROPEAN GEOTHERMAL INFORMATION PLATFORM

Administration Data Catalog Geo Explorer Statistical Manager

f = Share an update or paste a link, use “@" to menti N
@ Share Updates
L Share with: EGIP j & m)

&
-l

E
-

G

8

Eugenio Trumpy Hello, | share here with all of you m User news feed

Heat Terajoule per Year - image/png

(1 | Ml ! hitp://data.d4science .org/urivesolver’smp ?file Name=Heat: TeraJoule +per...
680x420 pixels

Reply - Favorite - Message September 04, 6:40 PM w1

Eugenio Trumpy Hello to everyone, this is EGIP pilot!
Reply - Favorite - Message September 03, 4:11 PM

Gianpaolo Coro Welcome to the EGIP Virtual Research Environment

InfraScience | Networked Multimedia Information Systems

gé Laboratory - nemis.isti.cnr.it

http:/inemis.isti.cnrit/groupsfinfrascience

q""' I imedi jon Systems Labaratory

Systems L y NeMIS Digital Libraries InfraScience
v Multimedia Semantic Web Text Analysis Menu Projects Cooperations People Products
Home InfraScience L...

Reply - Favorite - Message  July 01, 5:43 PM * 1

EGIP VRE
@G,P The EGIP pilot is a Virtual
Research Environment

(VRE) designed to provide a selected collection of
applications to demonstrate the EGIP efficacy. The
VRE allows geothermal stakeholders to access and
perform analysis on geothermal information made
available at a European level.

Report an issue

The VRE allows to:

* Discover INSPIRE compliant metadata;

* Create maps adding the layers available in
the metadata catalogue;

* |nterrogate the layers;

* Save and download the created maps;

* Perform statistical analysis and dataset

Change Environment
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EGIP platform:
Collaborative
environment Workspace

A B3 = B ‘HcGotov 7 Managev

Document metadata — Standard Dublin Core

@ITIN=RIS

T

GIP EUROPEAN GEOTHERMAL INFORMATION PLATFORM

Home Profile

A single place to

e Manage data, store and preserve
e Share data
e Share your analysis & Maps

> The workspace is usedto
broadcast documents

> Documents have metadata
described according to the
INSPIRE directives

nnnnnnnnnnnnnnn

,4
8
g
=

EGIP documents
categories, .

e Scientific and

Technical aspects

* Social acceptance

e Code

e Skills, employées and
Energy need

* Research

e Training and Education

e Regulatory aspects

e Economic aspects
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EGIP pilot
benefit:

Guaranteed data interoperability: retrieval, viewing and access of information

from partners (via WMS, WFS e.g. TemperatureUnit, HeatFlowline, ...)

* Harmonized geothermal domain at a European level

* Efficiency, thanks to the multiplicity of data sources, the latter being directly
related to national databases

 Guaranteed ownership: data belong to and stay in the country they are related
to

* Durability and maintainability

 Economically viable, requiring only coordination with respect to what each
country would need to develop independently

* Productivity, by covering all published datain the long term
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GIP

http://egip.igg.cnr.it

Ofz#0
%%
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EU supports e-infrastructures

EC communication: EUR-Lex - 52009DC0108
w ‘ * highlights the strategic role of ICT infrastructures for research and innovation . .
, policie e-Infrastructure
@}l 4{ * calls on Member States and the scientific communities for a reinforced and
e coordinated effort to foster e-Infrastructures, to pave the way for the scientific

discoveries of the 21st century.
“Human Network”

The European Commission’s Framework Programme for Research and Technological Development has
promoted the development and deployment of e-Infrastructures, in order to strengthen scientific
excellence, and to promote innovation and industrial competitiveness.

Scientific data necessitates new tools and methods. Projects are being
developed in Europe so that all scientific content resources are accessible
through e-Infrastructure services.
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Internal EU project

10N

L

communicd

W6 « Disseminatips ! Moarke 1141

CNR, EGP.RWTH
Tank 6.1 Dissemi
* Establish a dissem
Management Plan w
* Ensuring o Quakity
* Easare that data s
* Duning the EB me
strategy will be upd
* As 2 spport of the |
with 2 2-page mforn
* Publication of scxl
* Partcipation at i
| * Press release, medd

Tank 6.2 Web Progel
* A Web Progect Ceod
Consortiam with spy
partner

* A final Confereng
pet foodback, with

* The project websif
0 A public part dedy
o A private pant ded|
(VRE) technologacs
o Shared Workspecd
and organize data in
o A statstics tool rej

* metadata ducovery
* spataal data view, ¢
o statntical data anal
and will take advany
and Shared Workspa

2=

W

Duration: M1-M24
Task 2.2 - Website (CNR)

A GEMex project website shall provi
partners), with regular updates, and on
the project start. It will be maintained b

The project website will include:

* News and project results, In this wa

* An GEMex project partners area whi
work package and Committee meeting
* A public area for European-wide dis
the Key group of stakeholders, This ac
* Documents for download such as p
other documents produced in the cour
« Pages translated in Spanish Tanguage
* A link to the Spatial Data Infrastruct
WP34,5.6,7

* Links to relevant geothermal websit

Yartners will also create a GEMex foc
Duration; M1-M36

Task 2.3 — Open access database (CNI

@ITIN=RIS

— Associated with document Rel. Ares(2016)4928515 - 02/09/2016

Description

Task 6 1-Develooment Communication &Dissemination Plan (1-36M) Task Leader: CNR-IGG Partners: All

The 1 and Dissemination Plan (C&DP) will be drafted in the first 6 months of the
proj h groups interested in this technology. The C&DP will detail the objectives,
iden 1, national and global) and outside, the information/results to be transmitted by
mea »ols and with a planned timing. Actions/ events/ documents for each identified

targ " present in the project will be identified and the action for the C&D desenibed.
The DEE"J nd will be part of the first progress report (12 months). It will be updated and
com reporting period in function of the identified targets and reached results, the
spec__ —— — __lected requests and remarks of the involved stakeholders.

Task 6.2 — Communication of project (1-36M) Task Leader: CNR-IGG Partners: All

The Communication of prl:)]ect 5 rcsults (§2.2) wﬂl use d]f.ﬁ::rent communication cham:lels website, Faccbaok, Tmtter

quanhtahve {numbe:r o:l' clicks, ].lkes new followers, eic...) and qualitative [types of comments, typﬁ of fo].lowers etc. }
way. A dedicated project website 1s scheduled at month 2 (M?2) and will be regularly updated. A project logo 1s expected
to be defined at month 2. A website discussion forum will be created and constantly monitored 1ts impact, to promote

mformation exchange, 1deas and upcoming events, conferences, fairs, etc. Leaflet and the brochure will be realized as
basic elements for dissemination. Towards the end of the project, a “technical brochure™ will be also created. Active
participation in different technological platforms of interest, are guaranteed by the involved pariners. A Final Conference
will be organized by UNIPD where the overall achievements of the project will be presented.

Task 6.3 — Dissemmation of project (1-36M) Task Leader: CNR-IGG Partners: All

Dissemunation activities (§2.2a) will include: publications of scientific articles in professional literature (Open Access),
press releases, participation at several key technical and scieniific events (fairs, exhubitions, conferences, workshops,
etc.), preferentially on occasion of important international or national workshops/conference like Energy week,
mternational/national fairs, etc. Short technical videos performed duning the demonstration phase and a high-quality
movie to present the main project results will be created to help in the techmical D&C activities. Webinars will be
organised with different target stakeholders and geolocalisation in order to transfer key messages, understand expectation
and needs, collect observations/remarks and transfer the awareness about the specific targeted benefits to specific target
groups. The reporting of the D&C impact, based on chosen indicators, will be performed at each reporting period to
measure the effectiveness of the strategy
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“e-Infrastructures enable researchers in different locations across the world

to collaborate in the context of their home institutions or in national or multinational scientific
initiatives. They can work together by having shared access to unique or distributed scientific
facilities (including data, instruments, computing and communications)*.”

Examples:

Environments

:
*Belief, htt|c_>://www.belief|c_>ro'|ect.org/§=3
OpenAire, http://www.openaire.eu/ .
i-Marine, http://www.i-marine.eu/
EU-Brazil OpenBio,
http://www.eubrazilopenbio.eu/

l Synergic Exploitation

al
structure

o-infrastructure
Coordinated Sharing

D
N

External Resources l
Resources Provision I



http://www.beliefproject.org/
http://www.openaire.eu/
http://www.i-marine.eu/
http://www.eubrazilopenbio.eu/

Case ||l

Virtual Research
Environment

@ITIN=RIS

Virtual Research Environments: virtual organizations of communities of researchers for helping

them collaborating.

Define sub-communities inside an e-Infrastructure;
Allow temporary dedicated assighnment of computational, storage, and data resources to a group of people;

Very important in fields where research is carried out in several teams which span institutions and countries.
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VRE utilization

. To create a web-site private part

. To facilitate internal project communication

. To provide a data/document sharing system

. To make available a forum to discuss project topics/results
. To share events or field works

. To monitor VRE usage

. To deal with confidential data
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DESCRAMBLE
& DeepU

DESCRAMBLE

Powered by
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INFRASTRUCTURI

=

- Oacc‘{\mmzcua v

DITIN=ERIS

"SCRAM oject Gateway lore Virtual Research Environments gCube 4.0 a b Q B Goto ~
X A
About DESCRAMBLE Project Gateway P
Tnis gateway is an access point to a Virtual Research Environment (VRE) deployed and - -
operated in the context of DESCRAMBLE EU-project 1o support participants in Gata and ) a B 8 9 sarch N coto ~ [ (acelemanzeia ~
information management and collaboration. T Dm] DESCRAMBLE ~ Mem N
1 mi
Tne Virtual Research Environments are “systems" per-se aiming at providing their users with a Mhr-;':ﬂ
web-based working environment offering the entire spectrum of applications and facilties Statistics Share updates 7 —Don' i ; i
. 5 i ) How-to Share Upload [DDon't show this again | Hide
(including services, data and computational faciliies) needed to accomplish a given task. They - m - o 9 e ]
offer specialized functionalities for the management, processing, and visualization of scientific Your Stats in DESCRAMBLE ShaPs an update oralink ise 1@  tarTie
data and textual content. : VRE Folders - DESCRAMBLE - Project_documents
Tne DESCRAMBLE dedicated VRE is used as working platiom by the project partners to POSTS GoT
facilitate discussion, collaboration, data sharing and general project management, providing a 0 %o0m Erim P B B S T Search by name Search
comprehensive suite of tools, which support a coliaborative, standards oriented data publication environment. — = =5
© Tree () Smart Folder (2] @ © = o B & n B B =2
Tnis gateway exploits the services offered by the high performance e-Infrastructure made available by Newa fasi New Folder Upload Refresh Delste Rename Copy Pasie Download Freview Open GetLink PublicLink Upload Archive Changs Permissions
5 . q 4 adele
federation and integration of the resources provided by the DESCRAMBLE consortium {e.g., catalogue of dat: Top Topics 4 © adele's workspace e o Ty Last Update Size
VRE F
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Snared Workspace Pease register (by clickng on Create Account) to use the offered services. No Topics Avallable Ruggero Bertani test of dummy T&P too 4 DESCRAMBLE Doci
» ] Deliverables )  Grant Agreement-640573-DESCRAMBLE pof Eugenio Trumpy application/pdf 24 Jun 04:14 PM 2015 5768KB.
Tne gateway and the D4Science infrastructure are developed and operated by using the gCube technology. = o - last week we placed the dummy tool @ b (] H2020 material 'B gantt.pdf Eugenio Trumpy application/pdf 24 Jun 04:30 PM 2015 111 KB
lecent Documen
1 & (] Project_documents )  DESCRAMBLE_Consortium Agreement.pdf Ruggero Bertani application/pdf 25 Jun 10:11 AM 2015 1,825 KB
.png
% DESCRAMBLE-presentation-tem Bownload: = Show ¥ (J WP1_Manangement @)  DESCRAMBLE report - word template.docx Eugenio Trumpy application/... 13 Jan 05:15 PM 2016 1,321 KB
‘_‘] e ¥ S M2 Wol Oriting @)  DESCRAMBLE report - word template.dot Eugenio Trumpy application... 13 Jan 05:15 PM 2016 1,388KB.
= - v (] WP3_Special_instruments_tools
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Measures and recommendations
for public acceptance and outfeach s well as for the
o monitoring and control of enviragiental impact
.
~—

GEMex Final Conference

DITIN=ERIS

Access Partners’
platform - VRE

e——— Registration and access !
WEOIRS .
GEMex partners’platform
3 ‘;: o @) PR

o on today. The About GEMex Signin
evelopmentof this:
e reservor

o = =" fuids buttemperatres
ol
f B

Lorem ipsum dolor sit amet, consectetur adipiscing elit. Ut vitae nulla justo. Pellentesque habitant morbi
ristique senectus et netus et malesuada fames ac turpis egestas. Etiam at malesuada sem. Mauris dolor
ipsum, finibus at auctor sit amet, laoreet vitae magna. Class aptent taciti sociosqu ad litora torquent per
conubia nostra, per inceptos himenaeos. Praesent non luctus dui. Duis at tortor quis nulla pharetra
ullamcorper. Nulla consectetur, dui vitae finibus viverra, tortor ante malesuada nulla, id scelerisque sem nulla
venenatis enim.

of fuids atdepth s surprising, as —
None Emall Addres:

5t eresing targt

Nulla odio magna, consequat quis tortor at, ullamcorper molestie purus. Suspendisse porttitor nulla leo, a

feugiat libero auctor eleifend. Fusce bibendum mauris sapien, sit amet scelerisque massa efficitur nec. Cras Sig
sed purus risus. Duis risus metus, tempor in volutpat egestas, ultricies eu eros. Integer vel dui est. Nullam eu
eX condimentum augue. Nullam pharetra tempor ex, nec euismod sem molestie ac. Sed ut maximus purus,
\\ congue ullamcorper dui. Vivamus sit amet urna accumsan, feugiat quam nec, viverra nisi. Vivamus et leo felis.
Donec id nulla consequat, efficitur risus et, vestibulum sapien. Duis volutpat pulvinar arcu. Nullam est velit, o
ullameorper vel viverra vitae, euismod vel magna. Fusce quis feugiat est. 0 ass

Duis at dapibus lectus. Sed placerat lectus nec diam imperdiet finibus. Nullam convalli, et at efficitur fringila,
nisl ipsum rhoncus eros, feugiat portitor tellus lorem ut tellus. Donec congue lacinia veiit, ut pharetra fibero N

wain objective projectnfo £U coordinator MeX coordinator aliquet at. Sed rhoncus porta nunc eget posuere. Donec ut tincidunt ante. Integer lobortis sagitiis porttitor.
& Ssign in with Google

Fusce vel lorem est. Phasellus sodales gravida magna mollis luctus. Etiam pharetra at est quis molestie.

fope e oot Morbi eget tellus non nisi imperdiet tristique. Curabitur faucibus posuere pulvinar. Aliquam vitae porttitor augue.
el es i) Morbi eu nulla in augue interdum tristique. Sed et neque nec lacus tincidunt consectetur. Cras fermentum ut Sign in with LinkedIn
tare. 5203 Moetn. M justo non sodales. Suspendisse potenti. Ut neque nunc, euismod sed porta non, blandit et ligula. Vivamus

s it s mattis in eros ut mattis.
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G E I\/l ex V R E Calendar to insert events, field works, meetings

- . |

EN e

Workspace to upload, share and organize |
documents ¢ e b EEEEREE

.‘
-

.‘ JL

d Currently 221 registered persons (52 Mex) VRE social wall with photos, documents, g - -
ideas, discussions, news, ... o




f [ [ \

Case | @ITIN=RIS

\JF{E. | \ \\ K
StatistiCs: VLN N

Geznz ::sm ) \ . \ \
800 \ \H‘uM%%% | _____e-”/
RFT | RP2 | RP3

VRE Users.

M NSS

Kl

s F $
FEEE S FESLS S LSS .
I N N N A A

Time

Training current Rls staff and user communities: "VRE operating mode — BASIC", Pisa, 09-12 December 2024
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g Time , I
2
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% [
: 1

VRE Social Interations Replies
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@,9‘,9,9@,9ﬁﬁ,ge@@@@\,g\@@*@@f.éf‘@.éf’&

Training current Rls staff and user communities: "VRE operating mode — BASIC", Pisa, 09-12 December 2024
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G F I\/| X — % This GEMex Virtual Research Environment (VRE) is meant to
: act as private data storage accessible to only one person per

e St I Cted institution who have signed the Cooperation and
confidentiality agreement. All the petrophysical, geophysical

V R E and geological data from CFE are stored in this private VRE
until the end of GEMex project. After which the data will be
automatically deleted. To access the data go to the workspace
and browse within Private GEMex folders.

¢ The persons who are granted access to the GEMex private
VRE use the data stored under their responsibility.

** The GEMex private VRE allows to:
» Organize and manage data and documents;
» Download data and documents
» Monitor data download



Consiglio Nazionale
delle Ricerche

S
e
=

n

s




_/r /

.-k S — m“—m_n_U awdolanaq m__..__,u.m__.:..__..—.__“....“__
7 S N
1 < m .

3JUBUBIUIEIA

| =
m m guopesadg | ¥
- [rrrr——— |
|
@ \ 5
\
.- ..... J ...............
\
\ UOIINIISUOT
N\ .
N\ !
f..f wawdoanaq

Pl=td [I2PW

Buiuuely

g Apras
Aupgiseaq

High

g
@
2
=

aun|ied 103(o1d Jo ysiy

Geothermal
project stages

Case ||



Case |l @ITIN=ERIS

s

Methodology

DIVA — interpolation:

O is largely used in oceanography to produce uniform
distributions from punctual data and, as first step, it
estimates the spatial correlation between the data. This
correlation was calculated for all our punctual data and
was used as input to IDW and kernel density

Maximum Enthropy (MaxEnt) — ecological modelling, for
example to forecast species distributions:

0 MaxEnt is applicable to general problems where a
probability function mt (x) should be approximated, based
on real-valued vectors. For example, the X vectors may
refer to the environmental parameters correlated to a H(7) = ~ In 7
species presence or a phenomenon occurrence (m) = — Z (X ) n(x)

xeX
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Maximum - 7 i

o
Entropy

U Considering geothermal site suitability as the
phenomenon to model, the geothermal power plants
currently in operation were treated as positive
examples to train the model

U Environmental parameters were the input datasets

O The model builds a complex relation function that f\
embeds a linear combination of the parameters,
where the coefficients of the combination are
changed to reflect the influence of each variable in ’
predicting the training set locations (percent >
contribution) vl

U The training algorithm also records the dependency
of the model’s performance on the permutation of a
variable values among the training vectors e
(permutation importance) LN

¥, N

—
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meltingpoint  VE radii  EN  flattice ¢
498 <4 1135 129 "
625 4 0435 .088
10115 4 026 -063
9185 4 009 .05
19 1625 4 1155 1145 316
23 3095 4 0455 .gg2
25 028 .9s7
007 -044 61
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MaxEnt
model

4
4

data

Training
dataset

Output: probability on
allthe locations
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Open Science approach

v Reproducibility, Repeatability, and Re-usability

v D4Science e-Infrastructure, a network of hardware
and software resources that offers OS-compliant
services for data publication and processing

v' D4Science allows re-using processes from several
domains through Web interfaces and allows making
them available to groups of scientists through Virtual
Research Environments

v it offers a high-availability distributed storage system
to host and publish data and a cloud computing
system to process large amounts of data

v importing raw data from the sources
v applying data preparation processes (e.g. DIVA)

v publishing data under OGC representational
standards through Web services and user interfaces
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Env

ronmental parameters

Rl G Earthquake density (N. per 0.5° cell) [Centennial Earthquake Catalog]

M oho Dept
- >

Continental Regional Local/C once ssion al Reseryoir

Distance from: convergent line, transform line, diffuse line, ridge line [USGS]

Petrography, Petrophysics > Carbon Dioxide (gC/m?/day) [Copernicus Atm. Monit. Sys.]
Mineralogy _ _ _ _
» Elevation (m) [United Stated National Geophysical Data Center]
Geaochernigtry, fluid geoche mistry
» Depth (m) [United Stated National Geophysical Data Center]
Hydraulic properies
-2 H
Stress Field and Structural Anatysis > Global Heat flow (mW m™) [Davies 2013]
Borehole Genpm;sics > Sediment thickness (km) [LaSke 1997]
{Borehole lmaging, ¥SP,.. )
» Surface air temperature (K) [NASA]
Airborne Magneticl, Surface Geopttesics (gravimetric, EmM, Seismic)
> Precipitation (kg m2s1) [NASA}
Resource analysis
-1
Genlogy, Hydrageology » Groundwater resources (MW yeart) [WHYMAP]
Heat Flow » Earthquake depth (m) [Centennial Earthquake Catalog]
Seismic lomography > Earthquake magnitude (M) [Centennial Earthquake Catalog]
>
>
>

Geothermal power plant (operative, planned/operative) — training set [Global

Geothermal Energy Database - 2015]
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Fig. 1. Visual companson of the global data used in our model: [a) carbon dioxide, (b} elevation, (¢} depth, (d) global hear flow, (¢) sediment thickness, (1) surface air temperaty
(g) precipitation, (h) groundwater resources, (1) earthquake depth, (j) magnitude, and (k) density, distance from (1) convergent, {m) transform, and (n) diffuse lines, (o) operative :
planned geathermal power plants.
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« Data miner
« Workspace

= 5 = a

D4Science.org Gateway Dashboard

BiodiversityLab Members ﬂ Data Miner

DetaMiner (g0 vk

Software Importer
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Goto ~ m @EugemoTrumpy -

A& Catalogue ® R Studio4 =

Giant Squid Hist

(4 | Access to the Execute an % Check the P Hebp
24 | Data Space Experiment Computations .

Operators [, Operator || c || service Profike |
ca-N %] & vsar- Tools: € Remove All Operators

Bavesian METHODS (5

Faomsy

An algorithm to be used by Fisheries managers for stock
assessment. Estimates the Maximum Sustainable Yield (MSY)
of a stock, based on a catch trend. The alg

Feed Forward A N N Distribution
A Bayesian mathod using a Feed Forward Neural Network to
simulate a function from the features space (R*n) to A A

modeling algorithm that relies an Naural N...

Feed Forward Neural Network Regressor
The algorithm simulates & real-valued vector function using a
trained Feed Forward Artificial Neural Netwark and returns a

tabls containing the function actu...

Feed Forward Neural Network Trainer
The algorithm trains & Feed Forward Atificial Neural Netwark
using an online Back-Propapation procedure and retums the

training ermor and a binary file con...

Lwr

An algorithm to estimate Length-Weight relationship
parameters for marine species, using Bayesian methods. Runs
an B nmnarhs Basad An tha G tha e fhannr

Feed Forward Neural Network Regressor

The aigorithm simulates a real-valued vector function using a
trained Feed Forward Artificial Neural Netwark and retums a

table containing the function actu...

Feed Forward Neural Network Trainer
The aigarithm trains a Feed Forward Atificial Neural Netwark
using an online Back-Propagstion procedurs and retumns the

training error and a binary file con...

Lwr
An algorithm to estimate Length-Weight relationship
parameters for marine species, using Bayesian methods. Runs

an R procedur. Based on the Cube-law theary.

Max Ent Niche Modelling

A Maximum-Entropy model for species habitat modsling,
bbased on the implementation by Shapire et al. v 3.3.3k,
Princeton University, hitp:/fwww.cs.princeton.s...

CHARTS (2

T

<<

Max Ent Niche Modelling

A Maximum-Entropy model for species habitat modeling, based on the implementation by Shapire et al. v 3.3.3k, Princeton University, http://www.cs. princeton.edu/schapire/maxent/. In this
adaptation for the D4Science infrastructure, the software accepts a table produced by the Species Product Discovery service and a set of environmental layers in various formats (NetCDF,
WFS, WCS, ASC, GeoTiff) via direct links or GeoExplorer UUIDs. The user can also establish the bounding box and the spatial resolution (in decimal deg.) of the training and the projection.
The application will adapt the layers to that resolution if this is higher than the native one.The output contains: a thumbnail map of the projected medel, the ROC curve, the
Omission/Commission chart, a table containing the raw assigned values, a threshold to transtorm the table into a 0-1 probability distribution, a report of the importance of the used layers in
the model, ASCII representations of the input layers to check their alignment.Other processes can be later applied to the raw values to produce a GIS map (e.g. the Statistical Manager Points-
to-Map process) and results can be shared. Demo video: http://goo.gl/TYYnTO and instructions http:/Awiki.i-marine.ew/index.php/MaxEnt

OutputTableLabel:
SpeciesMame:
MaxIterations:
DefaultPrevalence:
OccurrencesTable:
Longimdeéolumn:
LatitudeColumn:
XResolution:
YResolution:

Layers:

Timelndex:

maxent_ The name of the table to produce

String Value

generic_species The name of the species to model and the occurrence records refer to
String Value

1000 The number of learning iterations of the MaxEnt algorithm

Integer Value

05 A priori probability of presence at ordinary occurrence points

Double Value

|| Select Data Set | A 9eospatial table containing occurrence records, following the template of the Species Products Discovery datasets [a http link to a table in UTF-8
_ encoding following this template: (OCCURRENCE_SPECIES) http://go0.gl/4ExuRS5]

= “Thie Gltin Containing fongitude valies [the Tianie of a colamn from Occurrences Table]
Select table from parameter OccurrencesTable
- The column containing latitude values [the name of a column from OccurrencesTable]

Select table from parameter OccurrencesTable

1 Model projection resolution on the X axis in decimal degrees
Double Value
1 Model projection resolution on the Y axis in decimal degrees
Double Value

| @ ‘ The list of environmental layers to use for enriching the points. Each entry is a layer Title or UUID or HTTP link. E.g. the title or the
UUID (preferred) of a layer indexed in the e-Infrastructure on GeoMetwork - You can retrieve it from GeoExplorer. Otherwise you can
supply the direct HTTP link of the layer. The format will be guessed from the link. The default is GeoTiff. Supports several standards
(NETCDF, WFS, WCS, ASC, GeoTiff ). E.g. https://dl.dropboxusercontent.com/u/12809149/windL.tif [a sequence of values separated

0 Value of Z. Default is 0, that means environmental layers processing will be at surface level or at the first avaliable Z value in the layer
Double Value

0 Time Index. The default is the first time indexed in the input environmental datasets

Integer Value

| ’ Start Computation
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@ b Q 9 Q % Goto = E @EugsnioTrumpy -

‘ © rowto  Share | [()Don't show this again | Hide ‘

Q, Workspace > GeothermalSites > MaxEnt_Models

Y

a e Eugenio's workspace .‘. O O G p 4 4 i ‘::! m (o] a $
» [ VRE Folders New Folder Upload Download Refresh Delete Rename Move Preview Open  Get Shareable Link  Upload Archive Permissions
» [ Egip Energy Country Distribution-2014-10-02 17_03 Name Owner Type Last Update Size
v [BE) FTP Server GEMex Project E Performance.xlsx Gianpaolo Coro application/vnd.openxmiforma.. 11 Sep 01:08 PM 2018 11.5kB
° D ata m i n e r i E-i] z::::;‘:;hme Leaming B MaxEntAllVars.asc Gianpaoclo Coro text/plain 01 Feb 02:27 PM 2019 2.7 MB
I E MaxEnt_ChartsAndVariablesAnalysis E MaxEntExpertAndMaxEntSelected.asc Gianpaoclo Coro text/plain 01 Feb 02:27 PM 2019 2.7 MB
° WO r k S p aC e : : ::Ermﬂs;l:it:v E MaxEntExpertSelected.asc Gianpaolo Coro text/plain 01 Feb 02:27 PM 2019 2.7 MB
b B Parameters_NetCDF E MaxEntAllVarsSelected.asc Gianpaolo Coro text/plain 01 Feb 02:27 PM 2019 2.7 MB
» [JFY Point_Data
» [JF) Routines
+ [ Training_and_Test_Sets
3 E ITINERIS Corso VRE Basic - materiale
¢ B TINERIS_Template
3 E Marco Gavagnin
¢+ A PaoLo
+ [4) sabrina Mazzoni - VRE Shared Resources
W Trash @ nre O History (Jhversions 5 Hems Write Al

373 items, 1.30 GB
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Models

a.All parameters

b.Parameters selected
using MaxEnt as filter
(>5%)

c.Parameters selected by
an expert on
geothermal energy

d.Intersection between
the MaxEnt-selected
and the expert selected
parameters

0.02-0.136)
M (0.136-0.319]
B (0.319-0.8]
MW os1

[0.008-0.226]
B ©0.2260.29]
B ©0.230.3)
W ©s-1

T

S

(0.007-0.226)
B (0.226:0.316)
B (31609
| ECERY

[0.008-0.242)
B (0.242-0.308)
B (©0.3080.3)

| W ©s1

j o SEa
s . e 2

@ITIN=RIS

MaxEnt-selected parameters 2. 4

= “'Expert and MaxEnt-selected parameters—
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Results

v'Similar patterns but
several discrepancies

v'Suitability score range
In the maps are different

v'b. and c. overestimate
respect the other
models

v'd. underestimates

(0.02-0.136)
M ©0.136-0.319]
B (0.319-0.8]
| CED)]

(0.007-0.226)
M (0.225:0.316)
B 031603
B 051

Expert-selected parameters

[0.008-0.242)
B (0.242-0.308)
B ©.3080.3)
W 0351

@ITIN=RIS

MaxEnt-selected parameters




Case || @ITIN=RIS

Results

« a. 52 well predicted test-set
geothermal plants and 8 are
not foreseen by the model

Accuracy using balanced R e | . )‘

threshold B (0.1360.319)
B ©.319-0.9)

B ©sy s

T6.2%
733%
T2 4%
T24%
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Discarded sites '

Canada: Ft. Liard; Con Mine; Alberta

o lower - elevation / CO2 presence /
earthquake magnitudes

o much lower heat flow
o higher groundwater resources level

o longer distance from transform and

ridge lines o more distant from diffuse lines

» very low energy production (about
0.2/0.3 MW), which is consistent with a
low suitability indication by our model

o more groundwater resources /
precipitation

o lower surface / air temperature
/ earthquake density

» low permeability resulted by
the demonstration project
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Discarted sites

feasibility is still under
evaluation, thus
comparison with our

Canary Islands: Gran Canaria, Tenerife

« lower earthquake depth / map is not possible
magnitude / density /
precipitation quantity / surface -

air temperature

* |lower heat flow / CO2

« longer distance from
convergent lines

* higher earthquake
magnitude
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Discarted sites

Well predicted power plant
Florida: Joy Florida
52 planned power plant well
predicted, locations falls in high
suitability areas (>60%)
— Imperial valley California:
there are 2 planned projects
falling in a 84% suitable zone

— Western Iceland: 4 planned
projects 73% score

— Latera (Italy): hosted in the
90’s an operative power plant
in an area of 65%

o higher sediment presence
o lower heat flow and elevation

o is closer to diffuse lines
o more distant from transform lines

o has more higher groundwater resources /
higher surface air temperature

o much lower earthquake magnitudes and
density

» Co-production power plant is planned - use
oil and gas wells and thus is not purely
geothermal
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Paper: Coro & Trumpy 2020

Conclusions

Datasets repository

BITIN=RIS
The global-scale map of the suitability of areas suitable
to geothermal energy production and plant installation

Geospatial data correlated with geothermal site
suitability are processed through DIVA and MaxEnt

The reliability of the map is tested against currently
active and planned geothermal power plants.

An Open Science-compliant tool is proposed to allow
stakeholders to increase the map resolution and revise
parameters.

This research aims at increasing the transparency of the
assessment of geothermal sites, speed-up siting for
exploration
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