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Context 

 
The Portuguese coast, in addition to the high wind and wave renewable energy resources, also offers 

a set of favorable geophysical and infrastructural characteristics for the use of these marine 

renewable energies, namely a strong concentration of population and the existing electric grid near 

the coast. These characteristics enabled the creation of specific regions for testing and demonstrating 

the feasibility of technologies to harness marine energy, such as S. Pedro de Moel’s a pilot zone 

created in 2008 and two new test zones, one offshore Peniche and another located near the coast of 

Viana do Castelo. 

The OffshorePlan project arose from the will to experimentally confirm the existence of an 

economically sustainable marine energy resource given by historically available indicators. This 

project enabled to refine and validate the atlases obtained for the marine resources and supports, in 

the near future, well informed low-risk decisions for both the wind and wave energy investors and 

Portuguese public administration. 

To achieve these goals, the existing information on the Portuguese coast renewable resources 

needed systematization; increased accuracy of the spatial characterization; atlases validation and  a 

cost-benefit analysis of the investments in marine power plants as a function of their capacity and 

location. 
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Mapping of the available renewable resources (deep-offshore and nearshore) in 
the Portuguese coast 
 

 
 

 

Wind resource 
 

Given the experimental data scarcity, it is economic and 

technically impractical to identify Portuguese offshore wind 

potential in detail. Thus, the new Portuguese Offshore Wind 

Resource Atlas development was based on the numerical 

model MM5, after calibration and validation using the data 

observed in an offshore/nearshore environment. The 

calibration of the model focused on: 

A) meteorological initial and boundary conditions;  

B) physical parameterizations ;  

C) assimilation of high-resolution weather data. 
 
 

Short-term experimental campaigns were carried out during the project using LiDAR systems 

installed in sites from Marinha Portuguesa (the Portuguese Navy) under the supervision of the 

Direcção dos Faróis (Port. Navy Lighthouses Directorate).  

 

 

 

 

 

 

Objectives: Development and validation of: a) Offshore wind potential Atlas with high 

spatiotemporal resolution ; b) Wave energy resource atlas, to support future investments, 

contributing to the definition of a strategic plan for the offshore renewable energies 

exploration in Portugal. 

Vertical LiDAR system (stations CPS and CSa). 

Horizontal LiDAR system (stations CM and CSV). 

Systems and measurements 
heights used in the project . 

Methodology applied by LNEG for the elaboration of the 
Wind Potential Atlas. 

I.A - Meteorological 
Boundary and Initial 

Conditions

I.B - Atmospheric 
parameterizations -

physics options

I.C - Meteorological 
data assimilation 

scheme

Model Calibration

Observed data

- Wind speed and 
direction

II. Offshore 
wind Atlas 
validation 

I. Offshore 
wind Atlas 

development
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Wind rose: sensitivity test to the assimilation of meteorological data. 

Offshore wind potential Atlas validation results. 

Wind speed Wind speed and direction Power flow 

Results show that the calibration 

of the mesoscale numerical 

model is crucial in characterizing 

wind speed and direction. 

The most significant 

improvement derives from the 

data assimilation procedure 

introduced.  
 

Furthermore, sensitivity tests 

performed with different physical 

parameters of the model 

revealed that the various options 

tested had a reduced impact on 

the results. A very precise 

characterization of the frequency 

of occurrence by steering sectors 

was obtained. The wind speed 

bias modulus less than 0,70 m/s. 
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  Wave energy resource 
 
The wave energy potential is calculated by using sea wave data, obtained by either using numerical 

models, wave buoys (directional or non-directional), pressure transducers, satellites (radars), or 

resistive or capacitive transducers. The assessment of wave energy resources is necessary, 

essentially, to: 

 

 Planning the deployment of wave energy conversion devices (WECs) 

  WEC Performance Assessment: 

 Numerical models 

- Wave tank tests  

- Assessment of control strategies 

 WECs design: 

- Structural design 

- Power Take-Off equipment design 

 
Sea agitation data may correspond to a significant height, peak 

period, average zero and/or energy, power (or energy flow), average 

wave direction, etc. Based on these parameters, obtained for several time intervals, that can make 

up to several years of data, it is possible to determine long term maritime agitation statistics. These 

statistics define the climate and wave energy resource for a given location. In this project, the 

mapping of the wave energy resource is obtained from the coupling of the information of a 

numerical model (MAR3G from IPMA – ONDATLAS) with the observed data. 

Input data: 

 Numerical model MAR3G – 

ONDATLAS. 

 Buoys from IH, acquired data (10 years): 

Leixões, Sines, and Faro. 

 Other IH buoys (< 5 years): Aveiro and 

Figueira da Foz. 
 

 

 

 

WaveRider buoy for sea surface 
elevation measurements. 

 

Methodology applied by LNEG. 
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The developed methodology allowed to obtain an estimate for the wave energy atlas based on 

numerical and experimental data, resulting in a statistical base mapping of the wave energy spatial 

distribution along the Portuguese coast.  

Scatter diagrams (permilage), respectively for Leixões 
buoy (10 years, prof. 83m); Faro Buoy (10 years, prof. 
93m) and Sines Buoy (10 years, prof. 97m) 

Altura significativa, Hs  [m]

‰ <=0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0 Total

<=3 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2

4 1.0 11.5 6.9 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 19.4

5 2.2 37.1 57.3 40.7 7.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 144.5

6 1.0 36.1 69.0 63.5 45.0 16.0 2.9 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 233.5

7 0.1 18.4 52.4 49.9 37.4 27.9 17.3 6.8 2.2 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 212.7

8 0.0 7.1 25.3 34.7 30.6 22.6 20.3 14.0 8.1 3.6 1.5 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 168.2

9 0.0 1.2 11.1 19.5 19.5 19.0 15.4 10.5 9.8 6.4 4.3 1.6 0.9 0.3 0.1 0.1 0.0 0.0 0.0 0.0 119.6

10 0.0 0.0 2.7 8.4 10.4 7.6 8.6 6.5 4.9 4.1 3.4 2.4 1.6 1.0 0.6 0.2 0.1 0.0 0.0 0.0 62.4

11 0.0 0.0 0.1 2.2 3.8 3.5 3.1 3.9 2.3 1.8 1.4 1.5 1.2 0.7 0.4 0.3 0.2 0.1 0.0 0.0 26.4

12 0.0 0.0 0.0 0.2 1.3 1.4 1.2 1.4 1.1 0.8 0.6 0.5 0.5 0.5 0.4 0.2 0.1 0.1 0.0 0.0 10.2

13 0.0 0.0 0.0 0.0 0.0 0.4 0.3 0.2 0.1 0.2 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.0 0.0 0.0 2.3

14 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.2 0.0 0.0 0.0 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4

15 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total 4.4 111.5 224.8 219.1 155.1 98.3 69.1 43.6 28.6 17.3 11.4 6.7 4.3 2.6 1.6 0.8 0.5 0.3 0.1 0.0
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Altura significativa, Hs  [m]

‰ <=0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0 Total

<=3 0.2 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.7

4 1.9 25.1 9.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 36.7

5 3.2 67.0 81.3 27.2 1.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 180.1

6 1.3 49.9 92.4 56.5 23.3 6.4 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 230.5

7 0.3 22.3 56.7 43.4 29.2 18.2 9.1 4.0 0.5 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 183.9

8 0.1 9.9 30.0 29.4 21.8 14.9 11.5 9.1 6.4 3.4 1.0 0.5 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 138.1

9 0.0 2.3 14.3 21.6 13.6 10.8 8.7 10.3 8.7 8.2 6.2 3.8 1.2 0.5 0.2 0.1 0.0 0.0 0.0 0.0 110.7

10 0.0 0.2 3.7 8.9 9.5 7.5 5.5 6.4 8.2 5.3 4.8 3.3 1.4 0.6 0.2 0.4 0.2 0.2 0.0 0.0 66.2

11 0.0 0.0 0.4 2.4 4.3 4.3 2.8 2.6 3.8 5.2 4.2 2.9 1.4 0.2 0.1 0.0 0.0 0.0 0.0 0.0 35.0

12 0.0 0.0 0.1 0.4 1.2 2.0 1.1 1.1 1.4 2.0 1.9 1.4 0.8 0.5 0.0 0.0 0.0 0.0 0.0 0.0 14.1

13 0.0 0.0 0.0 0.0 0.1 0.2 0.4 0.7 0.5 0.2 0.2 0.2 0.1 0.0 0.2 0.1 0.0 0.0 0.0 0.0 3.0

14 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.4 0.0 0.0 0.0 0.0 0.1 0.1 0.2 0.0 0.0 0.0 1.0

15 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.3

Total 7.0 177.1 288.5 189.7 104.6 64.3 39.7 34.4 29.7 24.9 18.4 12.2 5.1 1.9 0.8 0.7 0.4 0.4 0.0 0.0
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Altura significativa, Hs  [m]

‰ <=0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0 Total

<=3 11.1 11.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 22.5

4 80.3 194.4 26.6 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 301.5

5 49.1 149.7 74.0 25.6 5.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 303.5

6 10.0 59.0 47.3 28.9 32.2 34.3 9.9 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 222.2

7 1.0 19.9 12.7 7.5 12.3 17.7 19.9 10.9 3.5 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 106.3

8 0.2 7.3 5.9 2.5 1.3 3.8 4.8 6.2 3.9 0.9 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 37.1

9 0.0 1.5 1.6 1.0 0.3 0.0 0.3 0.6 0.6 0.4 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.4

10 0.0 0.2 0.2 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5

11 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

12 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

13 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

14 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

15 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total 151.7 443.5 168.3 65.7 51.1 55.9 35.0 18.3 8.0 2.2 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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Estimated wave energy atlas based on collected data 
and data from ONDATLAS. 

Wave Energy 
Atlas 

 
Depth=300m 
 
 

Wave Energy 
Atlas 
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Identification of exclusion zones and other constraints to the development of 
offshore energy systems in the Portuguese coast 
 

 
  

Methodology 

 The present methodology was based on the use of geographic information techniques that required 

the development of appropriate tools for this purpose.  

 

 

 

 

 

 

 

 

 

Type of 
foundation 

Wind Energy Wave Energy 

Bottom-Fixed 
Monopile Bottom-fixed oscillating flap 

converter 
Jacket 

Floating 

WindFloat Floating two-body heaving converter 

Hywind 
Floating oscillation water column 

converter . 

Objectives: Development of methodologies for the selection of suitable areas for offshore 

renewable energy exploration, using a geographic information system (GIS). Identification and 

processing of the restraints to the installation of offshore renewable Energy systems. Definition of 

regions according to the desired technology and its characteristics, and identification of their 

available renewable power. Gathering input information data of offshore energy development 

scenarios in the Portuguese coast to feed the project’s scenario modelling activity. 

Site planning methodology for offshore renewable systems installation  

The technologis studied 

were selected based on 

their degree of 

dissemination and/or in 

their technologic maturity 

phase that prove to be  

adequate to the 

Portuguese coast 

characteristics.  
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Areas Selection for Marine Renewable Energy Development 

 

 The selection of areas for 

marine renewable energy 

development took into account 

a set of physical constraints that 

limit  the installation of marine 

renewable energy systems, 

besides the identification of the 

interconnection points to the 

national power grid, and the 

areas near the shore with high 

demand in electricity. 

 

 

 

 

 

Possible Configurations for Offshore 
Renewable Power Plants Installation 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Areas of interest for offshore renewable energy development and 
identification of near coast consumption centers 

Exemple of GIS tool developed 
for the wind Energy case. 

Possible configurations for the power plants to be installed - contribution to the mathematical modelling activity for technical 
and economic optimization of the evolution scenarios for the offshore renewable sector. 
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Development of mathematical models for technical and economic optimization of 
scenarios of evolution of the offshore renewable sector. 
 

 
 

The models developed in this work allow the spatial and 

temporal programming, for a time horizon between 

2020-2050, of the installation of offshore technologies, in 

particular, the use of offshore wind and wave energy 

technologies, which technically constitute the most 

promising on the Portuguese coast, taking into account 

aspects such as: 

 Possible installation sites for each type of primary 

resource, its potential, and technologies; 

 Techno-economic characterization of different 

technologies, as function of distance to shore/depth;   

 points of interconnection to the national grid, 

connection type (alternating current - AC, or direct 

current - DC) and cables available; 

  growth scenarios of installed capacity over the 

considered time horizon and different objective 

functions.  

 

 

 

Type of 
resource 

Type of technology Abreviation 

Wind 
offshore 

WindFloat WF.Eól. 

Hywind Hyw.Eól. 

Monopile Mono.Eól. 

Jacket Jack.Eól. 

Waves Floating two-body heaving converter F2BHB.Ond. 

Bottom-fixed oscillating flap converter BOF.Ond. 

Floating oscillation water column converter FOW.COnd. 

Objective: Development of technical and economic optimization mathematical models to assist 

a) permitting entities in identifying the sites of highest benefit to the national economy, minimizing 

power grid reinforcement and proximity between power generation and large consumer centers 

(e.g., urban areas); b) investors, to know the regions and technologies that allow them to quickly 

and safely recover their investment; c) regional and local entities, to implement or reinforce 

strategies for developing new industrial clusters linked to offshore renewable energy. 

Illustration of the location and some conceptual 
elements of the model. 
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The install targets for offshore renewable 

capacity in 2050 were projected based on 

the PNEC 2030 scenarios: 

 Wind offshore: 2.32 GW 

 Waves: 0.28 GW 

 

 

 

The results enabled to 

identify the spatial and 

temporal scheduling of 

the installation of the 

different technologies, 

the type of grid 

connection, the 

injection capacity at 

the points of the grid 

and the respective 

percentage of 

occupation, annual 

energy produced, 

among others.  

 

 

 

The solutions obtained in this project enable 

to assist in the identification of technically 

viable sites through the use of different 

optimization perspectives. Additional 

objective functions representing other 

optimization perspectives can be easily added 

to the model. 

 

 

Identification of the scenarios imposed to the model. 

(a) installation of offshore renewable production at the end of the time horizon (case # 1); (b) 
offshore annual energy production; c) Cumulative capacity by technology type. 

a)  
b)  

c)  

LCOE for the different cases studied.  

Scenario Objective function Case 

Total cost of the offshore 
generation 

Total cost minimization #1 

Increasing supply to high 
consumption areas 

Total cost minimization #2 

Minimization of the 
number of installed 
injection cables 

#3 

Maximization of the 
offshore generation 

Total cost maximization #4 

Significant increase in NNT 
injection capacity 

Total cost minimization #5 
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Characterization of the main socioeconomic conditions for the development and 
implementation of technologies and identification of strategies strategies. 

 

 

The realization of the potential of marine renewable energy technologies requires the construction 

of a new value chain that combines the competences associated with the new technologies with 

complementary activities and competences present in the national industry, which will have to be 

mobilized to support a still emerging and uncertain area. In this context, and with a view to meeting 

the objective of this activity, a questionnaire survey was conducted, targeting a wide range of 

companies from different sectors. The answers obtained include: 31 companies already active in the 

area; 50 that intend to become involved in the future; and 30 without interest in the area.  

Who are these companies and what they do/anticipate doing?  
 

Main sectors in which they are located Main activities in the area 

Metal products Installation of systems at sea 

Computer and electronic equipment Development or manufacture of 
components or systems 

Transport equipment (vessels) Maintenance services 

Repair, maintenance and installation of 
equipment 

Operation Control Products/Services 

Electricity: production & trade Other support services (design, impacts, 
regulation) 

Engineering and technical activities/Scientific 
and technical consultancy 

Infrastructures / means for testing and 
demonstration 

 

 

Products/services the companies  

supply/plan to supply to the marine 

energy area 

 

 

 

 

Objective: To understand the conditions for the involvement of the national industry in the 

construction of a new value chain in the offshore renewable energy area. 
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Conditions for working 

in the marine energy 

area. 

 

 

 

 

Problems faced/expected 

 

Directions for future action 

The results permit to identify some areas where action will be needed to promote a broader and 

more effective participation by companies from existing sectors, and where policies with a systemic 

approach can make a difference. 

Directions for future action 

Acquisition of new competences - Specialized training 

Investment needs - Incentives & Access to Finance 

Partnerships that promote actor alignment & learning (at technology, market, 
organizational levels) - Incentives for collaboration 

Strengthen innovation directed in the new area – Targeted support 
mechanisms 

New opportunities for competences development and market building - 
Promotion of experimental projects (testing and demonstration) 

Need to introduce changes in activity / organization 
Referred by 61% of the active companies and 82% of those that intend to enter in the 

future    

Active Future 

Human resources 
training/recruitment; new 
investments; new partnerships 

New partnerships; human resources 
training; new investments; portfolio 
reorganization 

Active companies and 

potential entrants coincide in 

pointing out the lack of 

opportunities in the area, 

given the limited number of 

projects and the absence of a 

stable demand. 

Companies refer a wide range of problems. Active companies emphasize the absence or lack of 

continuity in policies; while potential new entrants also refer to the need to develop new capabilities. 

.and acquire new resources. 

Problemas faced/expected by companies.  
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The MarinePlan platform – A techno-economic planning tool for offshore energy 
systems  
 

 
 
 

The specificity and complexity of offshore renewable energy projects, combined with the high costs 

associated with the design and installation of these systems, represent some of the main barriers to 

their development and dissemination. Thus, a planning platform has been developed in Matlab 

software with an interactive interface that allows the users to evaluate the economic viability of their 

projects.   

 

The users can enter a set of investment values, expected tariff for the remuneration of the energy 

produced, operation and maintenance costs, fees associated with this type of investment, among 

others parameters and conduct an economic evaluation of their project, obtaining mappings of some 

economic indicators, NPV, IRR and LCOE. It is also possible to get point values from these indicators 

through a more simplified component. 

 

Objective: Development of a technical-economic planning platform for the development of 

marine renewable energy projects. 
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This platform enables an economic analysis of renewable energy projects - wind and wave – taking 

into account a set of predefined energy converter typologies and models. Currently, the MarinePlan 

platform is in the demonstration and testing phase of its functionalities and is expected to be 

published on the LNEG’s and OffshorePlan’s page. 

 
 
 

MarinePlan initial menu with a description of the available tasks. 

Spatial economic analysis module - input panel with pre-filled fields 

In the initial entry menu, the 

users access a summary of each 

option’s function, and can 

select the one that best suits 

their purpose. The developed 

platform also allows the user to 

compare his projects through 

the hierarchy of the different 

economic parameters available.  
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