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Abstract  
The Canary Islands (Spain) are highly dependent on external 
energy sources. For 2015, the Canarian Energy Plan establishes 
that 30% of the electricity demand will be covered by renewable 
energy sources, mainly wind and solar (the goal for wind energy 
is 1025 MW). Therefore, it is crucial to determine the wind 
potential for each island as a first step for the energy planning. 
Within this work, a novel methodology based on GIS 
(Geographical Information System) for the determination of the 
wind potential is proposed. As a first step, the available land for 
wind exploitation per island is determined. For this purpose 
several territorial constrains are taken into account (natural 
reserves, inhabited areas, roads, etc.). Another type of constrain 
is the wind velocity (minimum wind speed for wind exploitation 
purposes). Once all these constraints have been applied, each 
island’s map shows the available land for wind production. At 
this stage wind farms are located in these areas. Finally the wind 
energy production per wind farm is calculated. For this, the 
annual energy yield is calculated as a function of the Weibull 
distribution. 
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1.  Motivation 
The Canary Islands are highly dependent on external 
energy sources, 98% of the primary energy consumption 
is based on imported oil. Speaking about electricity, this 
percentage decreases to 91%. The Canary Islands had no 
conventional energy sources, but they have plenty of 
renewable resources, mainly wind and solar.  
 
For the Canary Islands it is very important to increase the 
level of energy self-sufficiency. This can only be done 
through the deployment of renewable energy sources 
(RES). Renewable energies are autochthonous energy 
sources and they can contribute to reduce dependency 
from energy imports and to the diversification of energy 

sources. In the same way, the development of RES can 
actively contribute to the creation of employment and to 
encourage regional development. All these facts gain 
special importance in a region like the Canary Islands. 
 
The electrical power installed in the Canary Islands at the 
end of 2009 was 2832 MW, the renewable energies came 
up to 9,8% of the total installed power but in terms of 
production this percentage was 8,7%. The RES installed 
on the Canary Islands are mainly wind and solar 
photovoltaic, 142 MW and ca. 100 MW respectively.  
 
For the year 2015, the Canarian Energy Plan establish that 
30% of the electricity demand will be covered by RES, 
mainly wind and solar. This plan establishes, for instance, 
that wind energy will reach 1025 MW, photovoltaic 160 
MW and waves 50 MW. 
 
These figures for RES implementation already confront 
the electrical grid operator with stability issues, among 
others challenges. Several strategies are under study 
aiming at reducing the peak load and/or increasing the 
base load in order to allow the increase of intermittent 
RES penetration into the electrical grids. The strategies 
under consideration are, among others, hydro storage 
systems (wind-hydro pumping stations). 
 
Taking into account this context, it is crucial to determine 
the wind potential in each island as a first step for the 
energy planning. For this purpose a methodology based on 
GIS (Geographical Information Systems) has been used to 
determine accurately this potential. The evaluation of the 
wind potential using GIS allows the quantification of the 
potential wind –energy production and, at the same time, 
it allows also to locate where this production will take 
place. This is vital to determine the cost of the resource, 
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but also for the planning phase since other parameters 
could also be taken into account, e.g. if there are electrical 
grids available or there is a need for grid reinforcement or 
if water storage system are viable, etc. 
 
2.  Methodology 
Potential and limitations 
The theoretical potential comprises the entire physical 
energy supply available without considering any 
restrictions. It represents the theoretical maximum for the 
use of RES. In order to determine the technical potential, 
the theoretical potential is reduced by considering 
technical and geographical constraints. Important 
technical and geographical restrictions that have to be 
considered are the available conversion technologies, 
conversion losses, location availability (e.g. possible 
locations to install wind turbines) or other limitations. The 
technical potential is dynamic as technology develops 
over time and it represents the maximum potential that can 
be explored up to a certain point in time. 
 
The available potential is defined here as the part of the 
theoretical potential that can be harvested easily and in a 
sustainable manner with the existing technology. The 
restrictions defining the available potential act as 
exclusion criteria, which eliminate areas with 
characteristics prohibiting the exploitation of wind energy. 
These restrictions are referred in this paper as constraints. 
 
Constraints 
Two main factors influence the available wind energy 
potential: the local wind regime and the available land for 
the installation of windturbines.  
 
Territorial constraints 
Territorial constraints are identified through a literature 
review and examination of government laws and 
regulations. 
 
A first constraint in this study is the restriction to onshore 
areas only. The onshore area available for wind power is 
further restricted to areas that are suitable for wind turbine 
installation.  
 
The territorial constraints as well as its buffer areas are 
summarized in table 1. 

 
Table 1: Territorial constrains & buffer areas 

Restricted areas Buffer area 
Protected areas: 
- National Parks 
- Natural Parks 
- Rural Parks 
- Integral Natural Reserves 
- Special Natural Reserves 
- Natural Monuments 
- Protected landscapes 
- Sites of Special Scientific Interest 
- NATURA 2000: Special 

Protection Areas (SPAs) for birds 
& Special Areas of Conservation 
(SACs) 

1000 m 

Isolated house 150 m 
Inhabited area 250 m 

Water reservoir  

Roads 120 m 

Aerial electrical grids 120 m 

Airports 

Trunk-conical area 
at the end of both 
sides of the 
airstrip of 3500 m 
long and 10º 
aperture angle 

 

Figure 1: Protected areas on Tenerife island 

 
 
 
Wind constrains 
A second kind of restriction is determined by the local 
wind conditions. Locations with an average wind speed 
below 5 m/s at the hub height will not be taken into 
consideration for this research, since the economical 
feasibility is considered to be too low. 
 
Land available for wind production and wind farm 
location 
Once both constraints have been implemented at the map 
level, the areas where the wind farms can be located are 
shown. At this stage a further territorial constraint has 
been implemented since the maps show some areas of 
very small dimensions available for wind installations. 
This constraint consists on the elimination of these small 
areas and the restriction is applied to available areas with 
a smaller diameter than 50 meters.  
 
Once all the mentioned constrains have been applied, each 
island’s map shows the available land for wind 
production. At this stage wind farms are located in these 
available areas. The wind farms take a matrix shape where 
the array efficiency (ηar) is proportional to the inter-
turbine and inter-row spacing as a function of the rotor 
diameter. The array efficiency is the efficiency of a whole 
wind farm, which decreases with closer spacing due to the 
interference of wind turbines. 
 
Wind energy production 
There are several methods to try to estimate the wind 
energy production. One of the possibilities is to establish 
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the windturbine to be installed as a starting point. Then the 
characteristic curve of this particular windturbine is used 
to determine the energy production as a function of the 
wind distribution on-site. 
 
This has been the method used in this case. The reference 
windturbine (WT) selected for this purpose is a 2 MW one 
with a hub height of 80 meters. This WT size, with this 
hub high, is currently broadly installed. In the Canary 
Islands no one of this size has already been installed. 
However, a good part of the projects submitted in the last 
wind call for tender published in the Canary Islands where 
projects with WTs around 2 MW; therefore this seems to 
be also the tendency in the islands.  
 
In order to improve the results, a sensibility analysis has 
been carried out in order to test the variability of the 
results as a function of the WT’s selection. The sensibility 
analysis was carried out taking into consideration two 
different approaches:  
a) Hub high sensibility: the same WT of 2 MW was tested 
at 60 m, 80 m and 100 m hub high. 
b) Size sensibility: 3 different WT’s sizes were tested: 1, 2 
and 5 MW. The hub high was 80 m for all the three WTs. 
 
Wind data needed: wind speed and k shape factor of the 
Weibull distribution on-site, are available in the wind 
database used. This database uses grid cells of 100 x 100 
meters (the data can be consulted at: 
http://www.itccanarias.org/recursoeolico/island_cells/inde
x.html).  
 
Table 2 shows a sample of the wind data used within this 
research. In this table 23 grids corresponding to the island 
of Gran Canaria are shown. The first 2 columns indicates 
the geo-localisation coordinates; the next columns 
indicates the wind speed (m/s) and the value of the k shape 
factor of the Weibull distribution at 60 and 80 meters 
high; and, finally, the last column indicates the 
predominant wind direction. The database used includes 
also the wind speed and k shape factor at 40 m high. In 
order to calculate wind speeds and k shape factors a 
method of interpolation has been used. 
 
 
Table 2: Sample of wind data (Gran Canaria) 

X Y 

Wind 
speed 

60 

k 
Weib 

60 

Wind 
speed 

80 

k 
Weib 

80 
Direc-
tion 

402850 3106650 9,29 2,156 9,49 2,178 NNE 
402850 3106550 9,29 2,155 9,5 2,177 NNE 
402850 3106450 9,3 2,155 9,51 2,177 NNE 
402950 3106950 9,27 2,16 9,47 2,18 NNE 
402950 3106850 9,27 2,159 9,48 2,179 NNE 
402950 3106750 9,28 2,158 9,49 2,178 NNE 
402950 3106650 9,29 2,157 9,49 2,178 NNE 
402950 3106550 9,29 2,156 9,5 2,177 NNE 
402950 3106450 9,3 2,155 9,51 2,177 NNE 
403050 3107150 9,25 2,162 9,46 2,181 NNE 
403050 3107050 9,26 2,161 9,46 2,18 NNE 
403050 3106950 9,26 2,16 9,47 2,18 NNE 
403050 3106850 9,27 2,159 9,48 2,179 NNE 
403050 3106750 9,28 2,158 9,49 2,179 NNE 
403050 3106650 9,29 2,158 9,49 2,178 NNE 
403050 3106550 9,3 2,157 9,5 2,177 NNE 

403050 3106450 9,3 2,156 9,51 2,177 NNE 
403150 3107350 9,23 2,165 9,44 2,183 NNE 
403150 3107250 9,24 2,164 9,45 2,182 NNE 
403150 3107150 9,25 2,163 9,46 2,181 NNE 
403150 3107050 9,26 2,162 9,46 2,18 NNE 
403150 3106950 9,26 2,161 9,47 2,18 NNE 
403150 3106850 9,27 2,16 9,48 2,179 NNE 

Source: www.itccanarias.org/recursoeolico 

 
In the Weibull distribution, the variations in wind velocity 
are characterized by two functions:  
(1) the probability density function and  
(2) the cumulative distribution function. 
 
The annual energy yield can be obtained as: 

 
where the power output Pel is given in kW and the wind 
frequency distribution Φ in %. 
 
The annual energy yield is then obtained by summing 
from vE (cut-in wind speed) to vA (cut-out wind speed), the 
duration of the wind velocity within an interval being 
given in hours in accordance with the frequency 
distribution. The annual energy yield is the integral of 
power over time. 
 
3.  Results 
The methodology proposed ends up with the 
determination of the annual wind energy production per 
island and the wind farms located on each island’s map.   
The wind energy production per island is then compared 
to the electricity demand per island, in order to estimate 
the percentage of electricity demand that can be covered 
by wind energy. 
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