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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 exploit-
able and evaluating possible environmental impacts. The idea to convert the en-
ergy 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 renew-
able 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 geospa-
tial 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 exist-
ing infrastructure management. 
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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 fo-
cused 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 prob-
lematic operating conditions. However, considering the growing costs of energy pro-
duced from conventional fuels, wave energy can be considered economically achiev-
able 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 exam-
ple, 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 Ener-
getech2.  

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 ecosys-
tems (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 Eco-
nomic Development, “Energy and Environmental Modelling” Technical Unit) in or-
der 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 develop-
ment of ad hoc applications (e.g., Decision Support Systems, DSS) allowing a wide-
ranging analysis of environmental, technological and socio-economic features that are 
situated in the areas where production facilities could potentially be placed. To this 
                                                           
1  http://www.pelamiswave.com/ 
2  http://www.energetech.com/ 
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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 sys-
tem 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 us-
ing the following equation: 

� �
���

��	

��

� ������ (1) 

where:  

� 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).  
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2.2 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 pa-
rameters, which may constitute an obstacle to the installation of the devices. 

Then, from the gridded map of energy for the whole Mediterranean Sea was ex-
tracted 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 poten-
tial, 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 au-
dience 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 geo-
graphical 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 de-
sign 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 inte-
grated management of: 

• basic geo-spatial data, necessary for marine and coastal zones characterisa-
tion (e.g., natural features, infrastructures, etc.);  

• new geospatial data, produced to support current analyses and planning ac-
tivities (e.g., weather and marine forecasts, etc.).  

Among the advantages of using the WebGIS approach and technology, it is possi-
ble 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 archi-
tecture was adopted, using Free/Open Source Software (FOSS) packages. Such archi-
tecture 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 accessi-
bility and versatility. 

The WebGIS architecture is shown in Figure 7 and can be outlined by the follow-
ing logical chain:  

� 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 de-
fined 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 orga-
nizing 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 appli-
cation server, which plays a key role within the Spatial Data Infrastructure (SDI). It 
allows sharing and managing (by means of different access privileges) the informa-
tion 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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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 characteris-
tics 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 physi-
cal 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 poten-
tial 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 en-
ergy 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 char-
acterisation 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 val-
ues ranging from 0 to 200 m (layer specifically derived from GEBCO data); the dis-
tance 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 Envi-
ronment and Protection of Land and Sea of Italy). 
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