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Abstract. GIS technologies are able to provide useful tools for estimating the
energy resource from the sea waves, assessing whether this energy is exploitable and evaluating possible environmental impacts. The idea to convert the energy associated with the marine wave motion (both off-shore and coastal) into
exploitable electrical energy is not new and over time several projects have
been developed, aiming at the implementation of devices for electrical energy
generation from the sea. However, compared to other well-established renewable sources (such as wind, solar or biomass), the exploitation of the tidal
power, is currently only in prototype form. Nevertheless, it has shown very
promising potentiality, as also emerges from the activities currently carried-out
by public institutions and private stakeholders.
This paper describes an approach, based on Geomatics, developed to assess
the marine energy resource, evaluating if it is possible to exploit such resource
and estimating also environmental and socio-economic impacts in blue water
and/or in the seaboard. In this framework, a DSS-WebGIS application has been
developed (called “Waves Energy”), as tool for displaying and sharing geospatial data and maps related to the potential use of energy from the sea, as well as
a valuable support for new installations planning, forecasting systems and existing infrastructure management.
Keywords: GIS · DSS · Renewable Energy Sources · WebGIS · Wave Energy

1

Introduction and Objectives of the Work

In recent years, among the different disciplines that regulate the alternative energy
sector, a significant growth in the development of new technologies for exploiting
potential energy from sea waves has been recorded. As other typologies of Renewable
Energy Sources (RES), wave energy has the potential to generate considerable
amounts of clean and renewable electricity and predictable power, as an additional
source to be exploited in order to cope with the growing energy demand [1].
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Numerous research projects have been carried-out in recent years, especially focused on the energy production from waves and tidal currents at various scales and by
means the design and implementation of specific devices, which in most cases are
currently at the prototype stage. Just to mention the main ones, various studies at
global and regional scales have been conducted in the west coasts of North America
[2] and in Europe [3, 4] (for example, in Scotland, Ireland, Portugal and Spain): those
experimental activities are meaningful in terms of the large amount of energy to be
potentially generated. Although many of the conversion devices have shown their
potential exploitability, they haven’t yet reached an operational stage, due to problematic operating conditions. However, considering the growing costs of energy produced from conventional fuels, wave energy can be considered economically achievable in the future [5].
To extract energy from waves, there are many typologies of conversion devices,
based on different technologies depending on the local marine conditions. For example, Pelamis (developed by Pelamis Wave Power1) is an attenuator-type device used
where wave heights are high, such as the region offshore of Ireland and Scotland [6].
Moreover, Pelamis devices are currently operative in the Rance Tidal Power Station
(North-West of France, installed capacity: 240 MW) and in the Shihwa Tidal Power
Station (South Korea, installed capacity: 254 MW). Alternatively, in areas where
waves with longer periods are prevalent (typically, for swell) [7], terminator-type
devices are used, such as the oscillating water column device produced by Energetech2.
To this end, it is fundamental to support public planners and private stakeholders in
their decision processes, by providing methodologies and tools able to evaluate the
capability of specific sites to produce energy and, contextually, to analyse the potential
impacts on the surrounding ecosystems and activities [8]. In fact, despite the intrinsic
characteristics of cleanness of such typology of RES, wave energy conversion facilities
could conflict with existing activities (e.g., navigation, fishery, tourism, etc.) or ecosystems (e.g., natural habitats, marine protected areas, etc.) [9].
In this paper we present and describe the research activities carried-out by ENEA
(the Italian National Agency for New Technologies, Energy and Sustainable Economic Development, “Energy and Environmental Modelling” Technical Unit) in order to evaluate the potential energy produced by waves in the Mediterranean Sea and,
in particular, along the Italian coast, through the use of oceanographic numerical
models and Geomatics techniques (GIS spatial analyses and Web-Mapping) [10, 11].
The main goal was to estimate the energy resources available in Mediterranean Sea
and, in the near future, to support the identification of the most suitable sites to host
the installation of power generators.
In particular Geomatics methodologies and tools are very useful to assess how and
where the energy resource from the sea is exploitable, supporting the spatial planning
related to the installation of conversion devices. Such approach requires the development of ad hoc applications (e.g., Decision Support Systems, DSS) allowing a wideranging analysis of environmental, technological and socio-economic features that are
situated in the areas where production facilities could potentially be placed. To this
1
2

http://www.pelamiswave.com/
http://www.energetech.com/
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end, there are different paraameters and information to be considered, such as the w
wave
energy flux exploitable, the characteristics of conversion devices, the coosteffectiveness of the facility
y installation, the interaction with the surrounding envirronment, possible limitations and
a specific compatibility issues, etc. [5].
Thus, a comprehensive approach is required to assess the impacts of planned inment
stallations, considering botth the blue water conditions and the coastal environm
characteristics.

2

Materials and Methods
M

2.1

Marine Waves Eneergetic Potential Evaluation

For of the purposes of the present
p
study, the Mediterranean Sea has been considerred,
taking into account the follo
owings three types of natural phenomena:
• tidal currents;
• surface waves, generated
d by wind;
• underwater waves, produ
uced by the interaction between current and seabed.
Their possible exploitatiion, from the energetic point of view, is closely conneccted
to detailed knowledge of the
t physical quantities related, such as: the speed of the
current, the height of the waves,
w
the intensity of the tides and, subsequently, the teechnological development of suitable
s
devices for the conversion of this kind of eneergy
[12, 13, 14, 15, 16].

Fig. 1. Italian National Tid
de Gauge Network (RON stations) by ISPRA (http://ww
ww.
idromare.it)
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Almost all information, related to the waves energetic potential along the Italian
coastline, is currently evaluated on the basis of data recorded by 15 mareographs of
the “Italian National Tide Gauge Network” (“Rete Ondametrica Nazionale” - RON
and “Rete Mareografica Nazionale” - RMN), active since 1989 and managed by the
Italian Institute for Environmental Protection and Research (ISPRA). In particular,
RON stations are distributed along the Italian coast as shown in Figure 1.
In each station (constituted by an instrumented buoy) is installed a localization system that uses the Advanced Research and Global Observation Satellite (ARGOS) for
the continuous control of the position. Each buoy, anchored at a depth of about 100
meters, by following the movement of the water surface allows determining wave
height and direction.
It is possible to calculate the available energy flux per unit crest [17, 18, 19] by using the following equation:
ܲൌ

ߩ݃ଶ
ܶ ܪ௦ଶ ሾܹ݇Ȁ݉ሿ
Ͷߨ

(1)

where:
ȡ represents the sea water density (assumed to be 1025 kg/m3)
g is gravity (9.8 m·s-2)
Te is the wave significant period (s)
Hs is the significant wave height (m)
The data obtained from the RON sensors, although they constitute a valuable
source of information, do not provide adequate spatial coverage for the identification
of suitable sites for wave energy exploitation. Therefore, for the description of the
wave motion and the relative energy associated with it and eventually exploitable,
high-level numerical models are used, such as the WAM (WAve prediction Model),
specifically for the wave motion [20].
The WAM model was forced with the dataset obtained from the analysis of wind
produced by the European Centre for Medium-Range Weather Forecasts (ECMWF)
having a horizontal resolution of about 40 km [21, 22]. The results of the WAM
model (numerical simulations), unlike the data recorded from the RON sensors, allow
to obtain a continuous information layer, describing the spatial distribution of the
physical quantity simulated throughout the Mediterranean Sea.
First of all, a series of seasonal-average maps of the significant wave height were
produced, calculated on the basis of data obtained from the above described WAM
simulations: such climatology information was extracted for the 1980-2004 time span
(25 years) and for the 2001-2010 time span (10 years).
Using these data, it has been possible to assess [23] the potential energy of the
waves (energy flux) in the Mediterranean Sea (Figure 2), by the equation shown in the
formula (1) and to calculate the potential energy producibility index from waves (an
example is depicted in the right side of Figure 3). The same information has been also
produced by subdividing it into quarterly intervals (Jan-Mar, Apr-Jun, Jul-Sept and
Oct-Dec) (Figure4).

Wave Energy Potential in the Mediterranean Sea

499

on: distribution of average power per unit crest in the MediteerraFig. 2. Energy Flux distributio
nean between 2001 and 2010, calculated with WAM model at 1/16° resolution

Fig. 3. On the left: distribution
n of average wave power flux per unit crest (2001-2010) on w
western Sardinia coastline (Italy). Values are calculated on a line located 12 km off the coast.. On
the right: spatial variability of the distribution of wave power among heights, periods and diirections (energy producibility ind
dex) for the Alghero site.

For instance, considering
g the map reported in Figure 2 and focusing on the Itallian
coast, the highest values off energy potential are located along the west coast of S
Sardinia and, to a small degreee, the southwest coast of Sicily.
In parallel, the operativ
ve model is also daily exploited to produce five dayss of
hourly forecasts [24, 25, 26
6] of the Mediterranean Sea waves (120 forecasts in tottal).
In this case, the WAM mod
del processes the whole Mediterranean Sea at 1/32° resoolution, which is about 3 km (made
(
of 1333x501 surface points). Since the model reppresents each geographic poin
nt with a 32x36 matrix of spectral values, we have WA
AM
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makes its computations on about 769 million points, executing 120 times over eeach
geographic point to cover the period of 5 days with a time step of one hour. To
achieve these goals, an UV
V2000 computer (Silicon Graphics, 128 cores and 512 GB
RAM) is used: 96 cores aree shielded from the system and dedicated to the executtion
of the model. WAM is startted soon after the preliminary steps, getting input data frrom
the SKIRON system (deveeloped by the Atmospheric Modelling and Weather Foorecasting Group, University of Athens, Greece) [27] and pre-processing them. WA
AM,
using 96 cores at 100%, tak
kes about one hour to produce its 120 forecasts. Data daaily
produced is about 25 GB by
y WAM.
Then, the subsequent forecasting steps are performed by means the SWAN thhirdThe
generation wave model (deeveloped at Delft University of Technology) [28, 29]. T
SWAN zooms into ten sub-areas (at 1/200° resolution, which is about 800 m) of pparharacteristics. For example, for the Sardinia island zooom,
ticular interest for their ch
SWAN makes its computattions on about 93 million points. Also this model execuutes
120 times over each geograaphic point to cover the 5-days period with hourly steps.. At
the end of WAM runs, ten executions
e
of SWAN are launched, each on a zoomed arrea,
in such a number of coress and order to maximize the usage of the 96 cores whhile
minimizing the wall clock time.
t
SWAN, using 48 cores at 100%, takes about 40 m
minutes to produce its 120 forecasts for each sub-area considered.
N runs are finished, is then executed a plotting proceddure
After WAM and SWAN
that produces, for each ph
hysical quantity considered (energy flux in kW/m, w
wave
height, wave period and waave direction) [30], all the files used in the following G
GIS
analyses and available by th
he WebGIS application.

Fig. 4. Seasonal Energy Flux distribution (2001-2010 period), calculated with WAM modeel at
1/16° resolution
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GIS Analysis

The results obtained from the WAM Oceanographic model are stored as NetCDF
(Network Common Data Form) files. Through appropriate procedures, supported by
Geomatics tools, the NetCDF files are converted in a GIS compatible format and
organised into a geospatial database for the further processing steps. Such spatial
processing allows to combine the layers containing marine energetic potential data
with other types of geospatial information, which are required to assess if, how and
where the exploitation of marine energy is possible. In fact, the choice of the most
suitable zones for wave energy production must be made by considering, in addition
to the available energy, also a set of specific environmental and socio-economic parameters, which may constitute an obstacle to the installation of the devices.
Then, from the gridded map of energy for the whole Mediterranean Sea was extracted an additional information layer, describing the energy values along the 8,000
km of Italian coastline and calculated at 12 km from the shoreline (Figure 5).
Nevertheless, detecting an area along the coast characterised by high energy potential, is not a sufficient criteria to plan the exploitation of such resource. In fact, as
stated before, it is also necessary to combine energy potential values by overlaying
with other types of data, such as, for example: the position of main commercial ports
and hubs, marine traffic routes (large vessels and main ports), maritime parks and
protected areas (Figures 6). In such a way, it is possible to perform a more accurate
and comprehensive assessment of the most suitable areas for future installations.

Fig. 5. Energy Flux distribution on 2001-2010 period, calculated at 12 km from the shoreline
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Fig. 6. Energy Flux distribution (2001-2010 period) on Mediterranean Sea and thematic layers
describing some anthropogenic activity

2.3

DSS-WebGIS “Waves Energy”: Design and Implementation

In order to store and manage geographic and spatial data concerning marine and
coastal areas, a specific WebGIS application (called “Waves Energy”) was designed
and implemented. This application was mainly conceived to provide support in the
estimation of energy resources from the sea, by assessing whether the energy flux is
exploitable as well the interaction with marine and coastal environments.
Thanks to the use of a WebGIS applications, GIS projects, traditionally developed
for stand-alone users, can be implemented on a web-server (also called map-server),
in order to allow, through the internet network, the access to the geospatial data and
the interaction with thematic maps and information associated. WebGIS applications
are exploitable by common internet browsers and among the benefits of using such
technology there are: the global sharing of geographic information and geospatial
data, the usability and accessibility and, finally, the capability to reach a wider audience of users [31].
The basic geospatial data and the maps produced have been stored and managed in
a repository ad hoc structured. In such a way, the WebGIS represents the natural geographical interface of the Decision Support System (DSS) envisaged in the framework
of the activities here described: basic local information and maps can be visualized
and queried via web, by means a standard internet browser or by mobile devices (e.g.,
tablets) and, consequently, the main results are open and accessible online.
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To this end, the specific objectives of the DSS-WebGIS “Waves Energy” are to:
• define and characterise the marine and coastal areas investigated;
• support the integrated analysis of the area of interest, with the identification
of specific environmental indicators (e.g., during the phases related to the design of new facilities);
• provide support in monitoring and forecasting activities;
• share data, maps and information via Web.
The implementation of the above listed features has required an advanced and integrated management of:
• basic geo-spatial data, necessary for marine and coastal zones characterisation (e.g., natural features, infrastructures, etc.);
• new geospatial data, produced to support current analyses and planning activities (e.g., weather and marine forecasts, etc.).
Among the advantages of using the WebGIS approach and technology, it is possible to include:
• the global sharing of geographic information and geospatial data;
• the large usability (the WebGIS application is exploitable by any common
internet browser);
• the widespread availability and the capability to reach a broader audience of
users.
Concerning the implementation of the WebGIS application, a client-server architecture was adopted, using Free/Open Source Software (FOSS) packages. Such architecture has been properly pictured to allow the interchange of geospatial data over the
Web and to provide to the users a user-friendly application, characterised by accessibility and versatility.
The WebGIS architecture is shown in Figure 7 and can be outlined by the following logical chain:
ņ Data Repository -> Web Server (GeoServer suite) -> Libraries (OpenLayers
environment) -> Map Viewer (WebGIS)
The Data Repository identifies the storage area containing the data-set used (in GIS
format or in interoperable one). The access is allowed only to devices physically defined at the level of the Storage Area Network (SAN), in order to ensure the absolute
integrity and consistency of the data themselves.
The Web Server represents the hardware/software environment that allows organizing information and making it accessible from the network. In the present case, it
was decided to adopt the GeoServer suite [32]: it is a largely used open source application server, which plays a key role within the Spatial Data Infrastructure (SDI). It
allows sharing and managing (by means of different access privileges) the information layers stored in the repository; it also supports interoperability (e.g., reads and
manages several formats of raster and vector data).
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In the specific frameworrk of the “Waves Energy” application, thanks to the above
mentioned characteristics, GeoServer
G
has represented an effective tool to manage the
layers (thematic maps, basiic information and data, etc.) stored in the geospatial daatabase and to accomplish theeir publication via web within the WebGIS front-end, according to the standards defined
d
by the Open Geospatial Consortium (OGC) [333],
such as, for example, the Web
W Map Service (WMS).
OpenLayers [34] is an open
o
source JavaScript library, used to visualize interacttive
maps in web browsers. Op
penLayers provides a so-called Application Programm
ming
Interface (API) allowing th
he access to various sources of cartographic informationn on
the Web, such as WMS and
d WFS (Web Feature Service) protocols, commercial m
maps
(Google Maps, Bing, etc.)), different GIS formats, maps from the OpenStreetM
Map
project, etc.

Fig. 7. DSS
S-WebGIS “Waves Energy”: SDI architecture

By accessing the WebG
GIS interface through his own web browser, the user ((not
necessarily with specific GIS
G skills) can gather and view thematic maps and chharts
representing the results pro
oduced. In particular, to visualize the data available, the
WMS standard is exploited
d, by means a map-server approach that allows produccing
thematic maps of geo-referrenced data and responding to queries about the contennt of
the maps themselves.

3

Results: "Wavess Energy" Web-Application

"Waves Energy" is a web
b-based geographical application, which makes availaable
various basic features typiccal of a WebGIS, such as zoom, pan, transparency, linnear
and areal measurements, ettc. In addition, by clicking anywhere on a selected layyer,
the relative information is displayed (qualitative or quantitative attributes, accordding
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the so-called “inquiry” function). The "Waves Energy" application is fully operational
and can be accessed at the following address: http://utmea.enea.it/energiadalmare.
The data provided by WebGIS have been grouped, on the basis of their characteristics and specifications, in the following three typologies:
a) "Forecasting" (outcomes from simulation/prediction models, for the whole
Mediterranean Sea and for specific sub zones)
b) "Climatology" (energy flux time series)
c) "Other Layers" (basic geographical information and thematic layers).
The first set of data, produced for the entire Mediterranean Sea (from WAM
model, with spatial resolution of about 3 km, 1/32°), provide the thematic maps of the
5-days forecasts, at hourly intervals, related to the following physical quantities:
1. wave energy flux;
2. wave height;
3. wave direction;
4. wave period.
By clicking a point of interest on the sea map, it is possible to obtain and display a
specific graph (runtime produced), showing the temporal trend of the selected physical variable (height, direction, etc.) for the following five days, at hourly intervals
(Figure 8).
Furthermore, using the SWAM outputs, the same typology of data is available and
queryable at a greater detail for the ten specific sub-areas selected (Figure 9), which
are considered of particular interest for their characteristics and for the energy potential exploitability.
As described in Paragraph 2.1, the “Climatology” data (listed at previous point b)
are derived from recorded time series and are related to the potential energy flux from
waves; they contain the average values of energy flux in kW/m for the time span
2001-2010, subdivided into quarterly periods (Figure 10).
In particular, in the DSS-WebGIS are included historical climatology data for the
Mediterranean Sea, as well as additional layers representing a specific focus along the
Italian coast in a range of 12 km from the shoreline (Figure 11), for each of which it is
also available and displayable the respective chart containing the local trends of energy producibility index calculated for the 2001-2010 interval.
The third category (“Other Layers”, point c of the list) includes a series of basic
geospatial data and environmental information. Such ancillary layers, in addition to
those previously described, allow providing a better geographical and thematic characterisation of the marine areas considered for the application purposes (Figure 12).
The most significant are: the bathymetry of the Mediterranean Sea (source: GEBCO,
General Bathymetric Chart of the Oceans) [35]; a bathymetry subset, with depth values ranging from 0 to 200 m (layer specifically derived from GEBCO data); the distance from the coast, articulated in two zones: 0-25 km and 25-50 km; harbours and
hubs; Italian Marine Protected Areas (source: SINANET, Italian Ministry of the Environment and Protection of Land and Sea of Italy).
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Fig. 8. Forecasting: thematic maps
m
related to height and direction of waves (GIS overlay), w
with
the relative daily trend chaart (Source: “Waves Energy” application, http://utmea.eneea.it/
energiadalmare)

Fig. 9. Forecasting: subset maap of the Sardinian western coast (Source: “Waves Energy” appplication, http://utmea.enea.it/eneergiadalmare)
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otential energy waves, derived from climatological data (20001Fig. 10. Thematic map of po
2010) (Source: “Waves Energy
y” application, http://utmea.enea.it/energiadalmare)

Fig. 11. Average energy valu
ues (kW/m) observed during the period considered (2001-20010)
and related graphs for the Siccilian coast (Source: “Waves Energy” application, http://utm
mea.
enea.it/energiadalmare)
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Fig. 12. Italian Marine Proteccted Areas and major Italian harbors. GIS overlay with distaance
from coast and bathymetry (So
ource: “Waves Energy” app., http://utmea.enea.it/energiadalmaare)

4

Conclusions

It is universally recognized
d the capability of digital maps in providing a comprehhensive overview of environm
mental phenomena. Through appropriate descriptions and
thematic maps, it is easier to
t understand environmental features and characteristicss, as
well to point out patterns an
nd interactions.
The activities described in this paper were finalised to the development of a sspen, having the target to publish forecasting and climatoloogy
cific GIS-based application
layers, related to the poten
ntial use of energy from the sea, and to share, through the
network, a specific set of geeospatial information.
The produced geospatiaal data and the thematic maps were properly structuured
within the DSS-WebGIS ap
pplication, not only to show a range of information abbout
the areas of interest, but alsso to support management and monitoring policies relaated
to the exploitation of energy
y flux from the sea.
To consult and interrogaate adequately these maps, it has been designed and devveloped the specific web-ap
pplication interface, called “Waves Energy” accessiible
directly to the URL: http://u
utmea.enea.it/energiadalmare.
From the practical pointt of view, the WebGIS has been realized using Free/Open
Source Software environmeents, which encompass a set of application solutions ssuitable for the purposes and im
mplementable in a well-integrated and easy to use platfoorm.
This solution has allowed publishing
p
on the Web geospatial information following the
standard required by the Open Geospatial Consortium (OGC), through a seeries
of specific features for viewing and consulting of thematic maps in an advannced
framework, specifically taillored for the “Waves Energy” application.
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