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The climatic emergency that involves the globe has led targets of greenhouse
gas reduction in the EU and all over the world. In this scenario, recent advances
in renewable renewable energy sources (RESs) have focused interest on the dif-
fusion of power supplies that are produced by photovoltaic and wind plants.
The non-programmable nature of these energy sources has led recent studies
to consider the power-to-gas (P2G) solution as an opportunity for employing
the curtailed electric energy by converting it into hydrogen. The localizations
of P2G plants depend on several factors regarding power production, distanc-
es, and population distributions. The necessity of integrating these factors led
this work to study the development of a cost function that is hosted by a web-
based GIS (geographic information system) platform, thus allowing for the stor-
age, elaboration, and web fruition of an entire data set that is related to the pos-
sible new localizations of P2G plants. The structure is based on open-source
technology and creates a solution that is easily employable by specialists. The
developed platform is composed of different remotely connected blocks that
are solely based on open-source technology and is focused the interest on the
territory of Sicily (Italy). GIS software, a RDBMS database, a geospatial server
(Geoserver), a Python optimization module, and a WebGIS visualizer are in-
tegrated. This work represents a scientific contribution to the management of
energy sources, with a particular focus on policies that are based on hydrogen
technology. In fact, different data sets that contain several levels of information
that are related to the management and the localization of P2G plants will be
even further employed in the future.
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1. Introduction

The last decades have been characterized by research on new solutions to apply
in the field of renewable energy sources (RESs) in order to solve those problems
that are related to global pollution and the depletion of fossil energy sources in the
world. This problem represents one of the main challenges of this century. In 2020,
the Green New Deal (GND) plan was approved by the European Commission
with the aim to decarbonize the European Union by 2050. In all, 143 countries out-
lined the target of converting the overall energy production in RES by 2050, creating
the Green New Deal roadmap [1].

Recent policies have tried to exploit new RESs in the best ways, focusing their
attention on photovoltaic and wind power sources in order to find possible alterna-
tive energy solutions to fossil fuels and natural gas. Unfortunately, the unpredict-
able nature of wind and photovoltaic energy represents a strong limitation and still
remains a challenge. In fact, excesses of the daily amounts of electric energy that are
produced are usually curtailed in order to prevent electrical transmission network
overloads [2]. The adoption of power-to-gas (P2G) technology is a possible solution
for solving this problem, converting a part of the electric energy production that
comes from wind and photovoltaic plants into hydrogen [3, 4].

The conversion of electric energy into hydrogen opens new scenarios for RES
energy employment; following this solution, the produced hydrogen could be inject-
ed into the natural gas network at low percentages or could be combined with CO,
for methanation [5].

The recent diffusion of this kind of solution in Europe and Italy [4, 6-8] has led
the localizations of new P2G plants to be one of the most relevant topics in the field
of energy production. In the localization process, it is necessary to consider several
factors that are involved in the P2G chain that are related to the definition of the mu-
tual positions between new installations and the existing territorial assets. It is nec-
essary to consider the proximities of new P2G installations to centers of demands,
existing gas networks, the power from the associated RES plants, etc.

At the same time, the use of geographic information systems (GISs) is even
more diffused in several fields of research, combining the geospatial representa-
tions (points, lines, and polygons) and semantical characterizations of territorial as-
sets [9-13]. The possibility of integrating data set management through the use of re-
lational database management systems (RDMBSs) and the interaction with analysis
and elaboration tools makes GIS a fundamental instrument for applications in many
sectors such as the economy, industry, architecture, public administration, etc. [14].
Furthermore, the technological advances on internet connections in recent years
have led to the further diffusion of WebGlIS applications, allowing them to be shared
in web geospatial information about infrastructure, cadaster, environment, mobili-
ty, etc. [15-21]. The possibility of real-time geospatial environment fruition on PC
and mobile devices and the opportunity of the real-time extraction and elaboration
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of complex data sets recently diffused the application of WebGlIS solutions in sev-
eral scientific fields, integrating multi-criteria analysis (MCA) calculations that have
been applied to geospatial information [22-26].

Considering this scenario, the construction of a WebGIS open-source geospa-
tial platform with an integrated MCA module seems to be a proper solution for
the localizations of new P2G plants. Our work follows this solution, integrating an
MCA module in a WebGIS structure that has been developed with open-source tech-
nologies. In particular, the heterogeneous starting data set (containing information
about energy production, railway and road networks, gas pipelines, and the popu-
lation of the Mediterranean island) was integrated in a WebGIS platform, where an
optimization model (based on geospatial information) elaborates a specific cost func-
tion and allows users to visualize the cost for each possible P2G localization on the
island via the web. The followed choice is an adoption of only open-source solution
integration, which is aimed at the open diffusion and distribution of this framework
without any property software limitations and without property software costs.

The open-source platform that is shown in this paper is divided into single mu-
tual remotely connected blocks of operation that contain GIS software (QGIS), an
RDBMS database (Postgres), a Python computational module (Pandas and Geopan-
das), a geospatial server (Geoserver), and a WebGIS JavaScript-based visualization
module (Leaflet).

The work that is shown considers the case of the study of Sicily, which offers
an ideal territorial asset for hosting photovoltaic and wind plants [27]. In fact, the
natural meteorological condition of the island (attested to by its air temperature,
solar irradiation, and wind speed) has led Sicily to be one of the best places to host
new wind and photovoltaic facilities. The large diffusion of wind and photovolta-
ic plants in the territory led to the diffusion of P2G technology as a realistic solu-
tion for the Mediterranean island. The present study shows the construction of the
WebGIS platform that allows us to calculate and visualize the best localizations of
new P2G plants in the territory of Sicily. The work is the result of several steps and
integrations that consider the discretization of the domain of possible P2G local-
izations, the construction of the cost function, and, finally, the development of the
WebGIS platform that hosts the system. Previous studies that presented interme-
diate versions of this research have been the objects of international journal pub-
lications [28, 29]. In the following paragraphs, the state of the art in WebGIS and
MCA analysis model integration in the field of energy will be presented, then the
case of study will be shown; finally, the results and conclusion will be analyzed.

2. State of the Art

The development of geomatics over the last decades of the 20th centu-
ry opened new scenarios on territorial analysis, allowing for the integration of
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Python computational modules and geospatial processing with visualization pro-
cedures [30]. For instance, one of the main actors of the world related to the open-
source geospatial software — GRASS GIS (geographical resources analysis support
system), which is based on the architecture of the system on this integration — offers
the possibility of making network analysis functions and SQL attribute management
on vectoral and raster data sets [31, 32].

In recent times, the possibilities that are offered by GIS technologies have led
scientists of several disciplines to employ geospatial data sets for data analysis and
processing. Considering the world of open-source software and open data, the
Open-source Geospatial Foundation (OSGeo) generated a new ecosystem where the
way in which geospatial sources are employed has changed [33]. In fact, these com-
munities developed a self-organized system of collaborative software development,
where open-source software platforms such as Geoserver, QGIS, Leaflet, and Open-
layers are continuously updated by the community. Recent advances in open-source
WebGIS applications have allowed for the development of fully automatic process-
ing chains for land monitoring and for sharing thematic map visualizations [34].
The last years have also been characterized by the integration of WebGIS applica-
tions and new algorithms and platforms that allow semi-automatic geoinformation
data extractions; this integration is useful for implementing new editing capabilities
into the WebGIS framework [35]. In recent studies, the integration of Pandas and
Geopandas Python libraries into a WebGIS tool have allowed specialists to achieve
such environmental management goals as the ability to analyze the impacts of an-
thropogenic activities into the natural environment of the marine ecosystem [36].

Considering the field of energy, the last years have been characterized by the
even-more-diffused use of GIS tools and geospatial data sets for optimizing ener-
gy production. GIS tools have been fundamental for solving new biomass power
plant localization problems when considering several geospatial variables that are
related to forest distributions, feedstock locations, and economical and transport
factors [37]. Still considering the field of bioenergy, GIS tools have been exploited
in order to simulate the costs of energy supply chains based on forests and biofuel
products [38]. The integration of GIS and geospatial and temporal information have
been used to maximize the energy production and minimize the costs that regulate
the sizes and dimensions of solar plants [39]. The possibilities that are offered by GIS
allow scientists to integrate geospatial parameters that are related to the transport
network, the populations of urban centers, and the environment in order to select the
best sites for the localizations of solar power plants [40]. The integration of GIS tools
in power-plant-localization problems is even further exploited due to the possibility
of heterogeneous data management [41-47].

At the same time, the diffusion of fast internet connections around the world
have given a further impulse to the implementation of WebGIS portals, allowing us-
ers real-time analyses and visualizations as well as the acquisition of geospatial in-
formation. In Denmark, for instance, the WebGlIS integration helped workers exploit
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geothermal energy due to the acquisition of geological and geophysical data [48].
Research that was based on WebGlIS technology with decision-support-system inte-
gration allowed scientists to study biomass energy production for the possible im-
plementation of new bio-energy plants in the Lombardy region of Italy [49]. The use
of the WebGIS platform allows us to study the outcomes of research on potential
renewable energy production, with the possibility of analyzing hydrological maps,
wind atlases, and solar irradiation maps for photovoltaic plant localizations [50].

3. Materials and Methods

3.1. Study Area

The research that was involved in this study regarded a power-plant-localiza-
tion problem (considering the P2G solution) in the specific territorial asset of Sicily.
The P2G solution linked the networks of two different energy sources: the power
energy from wind and solar photovoltaic plants, and the gas grid. The integration
of the geospatial data set into a WebGIS platform was, hence, a strategic choice. As
will be shown in the following paragraphs, the WebGIS integration was not only
necessary for the final fruition of the result but also for the analysis and the Python
cost elaboration based on the geospatial dataset real-time acquisition.

3.2. Methodology

The workflow considered different steps, starting from the construction of
the conceptual model (based on MCA analysis) and finishing with the test of the
WebGIS platform. The MCA model considered several factors that involved the op-
timizations of new P2G plant localizations on the Mediterranean island. The opti-
mization model was the conceptual base that was necessary to solve the localization
problem. Starting from this base, a geomatics framework allowed us to transpose
the conceptual model into a real-time connected WebGlIS service, where the solution
was elaborated by the system (considering a filtered domain of possible P2G local-
izations) and users could visualize and analyze the results in a real-time connected
platform (Fig. 1).

The geomatics framework considered two different phases based on the con-
ceptual model: the first regarded the definition of the domain of possible P2G lo-
calizations (this step was developed locally and consisted of the first block of this
framework), while the second consisted of the construction of the WebGIS plat-
form. The platform connected different remote operational modules that allowed
us to visualize the best localizations of new P2G plants. An RDBMS database (Post-
gres), a Python computational module (Pandas and Geopandas), a geospatial serv-
er (Geoserver), and a WebGIS JavaScript-based visualization module (Leaflet) were
connected.
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Conceptual model

Development of multi-criteria analysis model (MCA)

Geomatics Framework
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Definition of domain of possible P2G localizations I
1 |

I

I

Construction of WebGIS platform |

(RDBMS database, Python computational module, geospatial |
server, WebGIS JavaScript-based visualization module |

Fig. 1. Workflow followed for construction of WebGIS platform

MCA Model

The MCA model is the theorical model of the localization problem; it is based
on operations research. This field of research employs mathematical optimization
methods to improve decision-making problems. The developed MCA model consid-
ers a set of factors that influence the cost of possible P2G localizations.

First, the model starts with the creation of a uniform distributed grid on the
terrain of Sicily that discretizes the starting territorial asset (Fig. 2). Each vertex of
the regular grid of squares (1 km x 1 km) represents a possible solution of the lo-
calization problem, with a couple of associated geospatial coordinates (longitude,
latitude) that defines its position inside the territorial environment of the Mediter-
ranean island.

The domain of possible solutions is obtained by filtering the original domain of
the grid. In fact, the distance constraints reduce the number of possible solutions to
be inserted in the final cost function.

The optimization model can be represented in the following form:

{min f(x) "

xeS

where frepresents the cost function, and S represents the filtered domain of possible
localization solutions. The best solution of the problem is those solutions inside the
domain of S with minimum values of f(x); this combination represents the best local-
izations of new P2G plants in Sicily.



WebGIS Open-source Platform for Localizations of New P2G Plants in Sicily 11

The geographical distance constraints that filter the domain are listed be-
low (Fig. 2):
— localizations near railway networks,
— localizations near road networks,
— localizations near existing wind or photovoltaic plants (excluding those that
are merely associated with existing P2G plants).

Grid discretization of
territorial asset +

Proximity to existing wind

and photovoltaic plants

Distance Proximity to main road
constraints networks

Proximity to railway
networks

Filtered domain of s
new P2G localizations ¢

Fig. 2. Construction of domain of possible P2G localizations in Sicilian territorial asset:
from grid discretization to application of distance constraints until finally achieving filtered
domain of possible localization solutions

The considered constraints filter the elements of the original grid to generate the
domain of possible solutions of the localization problem. The cost function is, hence,
applied to this domain to find the best solution with the lowest cost (Equation (1)).
The function is constituted by the sum of independent variables that consider the
hydrogen demand (directly proportional with the number of inhabitants of the main
urban centers), the production of energy by RES plants in Sicily (the existing photo-
voltaic and wind power plants are considered), and the distances between the points
of production (possible localizations) and the points of demand (the main urban
centers) considering three different networks (roads, railways, and gas pipelines).
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Cost function c(x) is calculated for each possible solution i that goes from 1 to s
in the domain of possible P2G solutions:

ROCMU d RacMZ.].
=1

d
,Z‘ AN, 4 AN, ‘
o)==+ S+ DGN, = PN,;i=1,2, ., 5 )

where:
s — number of possible P2G localizations,
d — number of main urban centers considered as points of demand;

RoCM; — normalized cost of minimum distance through the road network
between each possible P2G localization and each main urban center
(considered to be demand node),

RaCM, - normalized cost of minimum distance through road network be-
tween each possible P2G localization and each main urban center
(considered to be demand node),

AN, - normalized number of inhabitants of corresponding main urban
center that are considered to be demand node for related cost of
minimum distance calculation,

DGN, - normalized minimum distance between each possible P2G locali-
zation and nearest point of natural gas grid pipeline,

PN, - normalized production of energy of RES plant associated with cor-
responding P2G localization.

This cost function c(x) is calculated for each possible P2G localization (x) of the
domain of possible solutions. The localization that obtains the lowest cost function
value represents the best solution of a new P2G plant installation on the Mediterra-
nean island.

Geomatics Framework:
Definition of Domain of Possible P2G Localizations

As affirmed before, the geomatics framework transposes the theorical
MCA model in practice through discretizing the domain of possible P2G localiza-
tions and the development of the WebGIS platform. The discretization of the domain
works locally in the first block of the chain. The system of elaborations is made
by employing a semi-automated processing using QGIS open-source software. The
block chain of the semi-automated processing is structured in four steps: buffering,
intersection, cleaning, and cost/distance definition.

The first activity of the framework is to subdivide the territorial asset in a uni-
form projected square grid that divides the land into a set of possible new P2G lo-
calization solutions. This grid is overlapped with the buffered layers of the existing
non-programmable RES plants (photovoltaic and wind power plants) and the main
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roads and railway networks. The intersection between the grid and the overlapped
layers provides the domain of possible new P2G localizations. This activity discretiz-
es all of the possible P2G localizations on the Mediterranean island; this discretiza-
tion is made using QGIS open-source software creating block-chain processing.

Once defined, the domain of possible P2G localizations, the costs of the mini-
mum distances between the possible new P2G localization solutions and the main
urban centers (through the main roads and railway networks) were also defined
in QGIS. In this way, the QGIS processing generated tables that regarded the costs
of the distances among each solution and the main urban centers of the island. Final-
ly, the cost of the distance between the possible new P2G localization solutions and
the natural gas grid was calculated.

These operations that represent the first part of the geomatics framework were
grouped in blocks on a single automated processing chain based on the Python
modules of the QGIS software. The processing automatically made all of the steps of
the chain — from the starting data set until the generation of the costs of the distances
and the possible new P2G localizations.

Geomatics Framework:
Integration of Cost Function into WebGIS Platform

The second part of the chain regarded the creation of the remote geospatial
database (based on the results of the first part), the cost function operations, and
the real-time visualization of the solution on a web browser. The WebGIS platform
enclosed all of these blocks (Fig. 3).

PostgreSQL

Storage of lII
geospatial dataset I'i

WJID Remote connection pandas

Creation of starting |:> @ : GeoPandas
dataset and development
of the semi-automated <:|
processing Definition of final

cost using Python

q{‘p GeoServer elaboration

Raster map and geographical vectorial
dataset implementation into
geospatial server

Remote connection

Leaflet off

Online WebGiIS visualization on .html
page exploiting the WMS connection
with the geospatial server

Fig. 3. Structure of WebGlIS platform that integrates all blocks of chain with each other
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Once the domain of possible solutions is defined, the obtained results were load-
ed into the Postgres RDBMS open-source database by employing a PostGIS exten-
sion; PostGIS allowed us to load geospatial data sets into Postgres. In this way, the
entire data set was loaded into the relational database considering the geospatial data
set and the tables of the costs. Here, the Python data-analysis open-source modules
came into play; these were necessary to elaborate the cost function (Table 1). Pandas
and Geopandas were the Python modules that were selected for this operation. They
were remotely connected to Postgres and allowed to load the data set, elaborate the
cost function in the Anaconda environment, and return the results to the database.

Table 1. Description of used Python modules and integrated modules in WebGIS platform

Type of module Use
3 Pandas Remote data analysis and operation
-§ between columns of database tables in DOS environment
=
§
< Remote geospatial data analysis and operation
& Geopandas between database tables in DOS environment
:?3 o | Psycopg2 Shapefile remote download from Postgres database
52
2
EE Sqlalchemy Normalization of columns

The Python strings were elaborated in the DOS environment. In DOS, the tables
of the costs of the distances (considering the railway networks, the main road net-
works, and the gas pipelines) related to each possible solution were first normalized.
The next step calculated the final cost of each solution, employing Pandas, and load-
ing the tables from Postgres through the psycopg? plugin. Hence, the cost values of
each possible solution were grouped into a table following the order of the univocal
identity column as a reference. The table of the final costs was finally merged with
the general geospatial data set of the possible solution by employing Geopandas and
Sqlalchemy and using the univocal identity column as a join element. The Python
role finished with the exportation of the geospatial data set into Postgres with the
addition of the final cost column.

The final WebGIS online visualization of the geospatial data set was created,
thus connecting the Postgres database with Geoserver (an open-source geospatial
data server). Geoserver allowed us to store geospatial raster or vectoral data and gen-
erate WMS and WEFS services for remote WebGIS online visualization. A real-time
connection with the Postgres database was configured in order to load the domain

of possible P2G solutions (with the final costs) and to share the results through the
WMS connection.
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The online visualization of the data set in the map was provided by Apache
Server; thus, a customized.html page was created inside the JavaScript and CSS mod-
ules (which was necessary for creating the WebGIS navigation interface). The Leaf-
let open-source JavaScript module was used for the WebGIS configuration, which
allowed for the real-time visualization of the geospatial data set with their features
(employing the WMS service).

4. Data

The starting data set that was employed in this work was composed of several
shapefiles in accordance with the standard protocol of the Open Geospatial Consor-
tium (OGC); it was provided by ISTAT (the National Institute of Statistics of Italy),
ANAS (the National Autonomous Company of Roads), and SNAM (the National
Pipeline Company). The chosen reference system was UTM WGS 84 EPSG 32633.
The operation that was involved in the framework used the shapefile extension
(point and line shapefiles), while the results regarding the costs of the distance oper-
ations were organized in tables (Table 2).

Table 2. The input and output dataset involved in the analysis

Data Format
INPUT DATA SET
Square grid of possible solutions point shapefile
Railway network line shapefile
Main road network line shapefile
Wind and photovoltaic power plants point shapefile
Main urban centers point shapefile
Gas pipeline line shapefile
OUTPUT DATA SET

Domain of P2G localizations point shapefile
Cost distance (main urban centers — P2G localizations) through main road network table
Cost distance (main urban centers — P2G localizations) through railway network table
Minimum distance between P2G localizations and natural gas pipelines table
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In particular, the square grid that represented the base domain of possible
solutions was composed of 1 km x 1 km extended squares and was represented by
a point shapefile. The railway network and main road networks were represented
by a linear buffer geometry with a 0.5 km thickness. The wind and photovoltaic
installations were represented by a point shapefile with a diameter of 1 km. Instead,
the main urban centers were represented by the centroids of the population distri-
butions of the cities of the Mediterranean island. The minimum distance between
the new localizations and the main urban centers through the railway and the road
networks were obtained using a network-analysis toolbox that was developed in
Python (which is available in QNEAT — QGIS’s open-source software) [51].

After discretizing the domain of the possible solutions and the final cost elab-
oration in Python by using the Pandas and Geopandas modules, the final data set
that was imported into the Postgres database indicated the cost of each considered
localization of the domain (Fig. 4).

A ;Jdigint & g.:;metw ﬂ :rx? . E?Jet:l'z;ecisim a tael-:?_x a :;:?1 a ;li-'gt;?1_ty & EETL:;eprecwsio1 &
1 18044 0101000020797F0... eclico 0.00375 0 0 0 7.4340245161943435
2 18045 0101000020797F0... eclico 0.00375 1 1 1 7.385560995324925
3 31586 0101000020797F0... fotovolt.. 0015 2 2 2 6.581797839063308
4 66070 0101000020797F0... fotovolt.. 0207 3 3 3 41804379225548605
5 87682 0101000020797F0... fotovolt.. 0.0025 4 4 4 4.514760016992628
6 91710 0101000020797F0... fotovolt.. 0.009 5 5 5 4.964133185182902
7 91711 0101000020797F0... fotovolt.. 0.005 & 6 6 4.914612049209853

“ 92077 0101000020797F0... fotovolt.. 1 7 7 40172392837549395
9 92443 0101000020797F0... fotovolt.. 18 8 8 41350574499230115
10 95599 0101000020797F0... fotovolt.. 0.0015 9 9 9 7.443482515178472
n 96388 0101000020797F0... fotovolt.. 0.00075 10 10 10 5.883008383299392
12 98893 0101000020797F0... fotovolt.. 0.0015 11 11 n 6.882323355455676
13 99042 0101000020797F0... fotovolt.. 0.00075 12 12 12 5.381344775844691
14 99260 0101000020797F0... fotovolt.. 0.0015 13 13 13 6.766222816465449
15 9927 0101000020797F0 fotavolt 0.0015 14 14 14 6.667154275816068
18 108405 0101000020797F0... fotovolt.. 0.00075 15 15 15 6.949789712852487
17 108771 0101000020797F0... fotovolt.. 0.00075 16 16 16 6.889779971354518
18 110966 0101000020797F0... fotovolt.. 0.0015 17 17 17 7.004009225609122
15 111332 0101000020797F0... fotovolt.. 0.0015 18 18 18 6.901693196604839

Fig. 4. Final data set of possible P2G localizations visualized in Postgres database:
“tipo” column shows kind of associated RES plant;
“potenza” column — power of associated RES plant [kW];
“costo” shows final cost of each localization

The best solution that was visualized in the Leaflet-based WebGIS environment
was in the southwest position of Sicily in the middle of the triangle that is shaped by
the towns of Ragusa, Vittoria, and Modica (Fig. 5).
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Fig. 5. Visualization of WebGIS platform of solution with lowest cost

5. Discussions and Results

The developed WebGIS platform allowed us to visualize the geospatial data set
in real time through map visualization on a web browser. Users can navigate and vi-
sualize the data set using desktop or mobile devices, with the possibility to real-time
analyze the cost results of the possible new P2G localizations. The QGIS software
data set, the Postgres database, the Python data-analysis module, Geoserver, and the
WebGIS visualizer are all remotely connected, allowing the smart management and
smart fruition of the data set at the same time.

Focusing attention on the factors that were involved in the cost function, the
proximity to the railway and road networks was considered to be a filtering con-
straint for guaranteeing the possibility of transporting the produced hydrogen in the
new P2G installation in order to satisfy the energy demands of the main urban cen-
ters. In fact, this model supposed that, in the future, hydrogen will be transported in
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a liquid or gaseous state by using the railway and road networks. The proximity to
an existing photovoltaic or wind plant was the other necessary constraint that was
considered for discretizing the domain of possible P2G plant localizations. It was
necessary to use the amount of energy that is not used (curtailed energy) by the
wind or photovoltaic facilities (caused by the non-programmable nature of these
renewable energy sources).

Considering the geomatics processing, the discretization of the possible P2G
localizations was based on the MCA model. In particular, the proximity with the ex-
isting photovoltaic or wind power plants and the road and railway networks (a nec-
essary aspect for hydrogen transportation) represented an essential requirement for
the localization of a new P2G installation.

It was necessary to use both the Pandas and Geopandas modules, as each of these
possesses exclusive features that were necessary. Pandas allowed us to employ spe-
cific operational modules that enabled us to make the necessary Python calculations,
while Geopandas preserved the geospatial features in the Python environment. In
fact, it was necessary to create a univocal identity column to join the Pandas results
with the imported Geopandas data sets. The localization with the lower cost that
was individuated in the analysis process was located in a very populated area and
was near one of the most powerful RES plants of the region (as could be predicted).

6. Conclusions and Open Scenarios

The experimentation that was described in this work involved a multidisci-
plinary approach where a GIS framework was applied to the problem of positioning
new P2G plants into the territory of Sicily. The application of geomatics procedures
was necessary not only when building the cost function but also when growing the
remote web platform; these were necessary for the acquisition, management, and
final fruition of the data set on the web. This work is an example of how to integrate
geomatics in a localization problem by combining different fields of research. At the
same time, the integration of the Python modules was fundamental for elaborating
the operations into the geospatial data set and exporting the results in the relational
database-management system in real time. In the future, the same structure could
be extended with the integration of real-time energy acquisition from RES plants
to refine the cost-function calculation. In fact, the actual limitations of the platform
are related to the absence of real-time data set acquisitions, which can be useful to
improve the quality of the results in the future. This structure can also be expanded
to other areas of study, creating a more complex system that can enrich the quality
of the work. Furthermore, the framework that was studied in this experimentation
represents a useful example considering the growing interest in hydrogen-based
technology over the last years. Considering the local impact of P2G locations, the
social acceptability seems to not be a relevant determining factor in the settlement
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of the plants due to the great understanding of the local communities regarding the
diffusion of new technologies [52]. Furthermore, the employment of P2G technolo-
gy that is based on electrolysis presents a lower environmental impact than other
energy-production processes that are based on gas production [53]. In fact, the rapid
spread of the diffusion of P2G solutions in Europe (connected with the spread of
photovoltaic and wind plants) will focus attention onto these kinds of strategies to
optimize the localizations of the energy sources.

In the future, the same approach could be applied to several sectors of research,
and the same structure of the platform could be replicated by centers of research and
municipalities to manage the localization problems of non-programmable energy
sources by only employing open-source technology. Furthermore, the structure of
the platform is ready to integrate IoT (Internet of Things) modules to provide the re-
al-time acquisition of data from low-cost sensors networks, connecting the IoT mod-
ules to the relational database-management system, and providing further geospatial
information that may be useful for adding new variables to the localization problem.
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