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1     Introduction 

1.1     Intended Activity 

Water- en Energiebedrijf Aruba (W.E.B) N.V. (abbreviated as W.E.B. Aruba 
N.V.) plans to build a wind farm in Aruba. With the wind farm, W.E.B. 
Aruba N.V. intends to make an important contribution to the production of 
clean and sustainable energy. 

The name of the wind farm is 'Vader Piet Wind Farm'. The wind farm 
consists of at most 10 wind turbines, each with a power rating of 1 to 1.5 
MW. The wind turbine masts will be about 60 m high, and the rotor 
diameter will be about 50 meters. The location where W.E.B. Aruba N. V. 
will construct the wind farm is situated at the northeast end of Aruba (Vader 
Piet site) (see figure 1.1). Additional details of the layout of the Vader Piet 
site are provided in appendix 1. 

Aruba 

 

Figure 1.1 Location of Vader Piet Wind Farm Site 

1.2       Environmental Impact Assessment and Socio-Economic Impact 
Assessment 

An environmental impact assessment (EIA) and a socio-economic impact 
assessment (SEIA) have been prepared for this project. These reports are 
presented together in this document. 

The Aruban government has established a number of guidelines for the 
content of the EIA and the SEIA that must be addressed in the reports. 
Special attention has been given to these aspects during preparation of the 
EIA/SEIA. The guidelines are discussed in more detail below. 
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Guidelines for the EIA: 
• The impact of the wind farm along the borders of the noise abatement 

zones (nature reserve and conservation zone). 
• The report must address the likelihood of collisions in relation to 

numbers of birds, nocturnal flight altitude, flight routes, orientation of the 
wind turbines and the rotor surface area. 

• Determination of the extent of disruption to the resting, nesting and 
foraging areas in relation to the numbers of birds. 

• Determination of the extent of disruption to the habitat of other animals 
in the area, such as donkeys. 

• Examination of the visual impact in the surroundings and noise 
nuisance as a result of erection of the wind turbines. 

• Determination of the impact that erection of the wind turbines will have 
on the landscape and ecosystems. 

• Determination of possible hindrance to air traffic and 
telecommunications. 

Guidelines for the SEIA: 
• What are the advantages of wind power over the traditional method of 

power generation? 
• Will the installation of wind turbines reduce the expense of generating 

electricity and will the benefit accrue to the population? 

1.3       Summary 

Chapter two describes the intended activity. This includes discussion of the 
location and characteristics of the wind farm. This is followed by a 
description of the current environmental situation at the wind farm site in 
chapter three. Chapter four is the SEIA. This includes a discussion of the 
advantages of sustainable energy (wind power), the power yield from the 
Vader Piet Wind Farm and the eliminated emissions. The impacts of the 
wind farm are described in chapter five. Finally, the most important 
conclusions are reported in chapter six. 
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2     Intended Activity 

2.1        Characteristics of the Site 

The location of the Vader Piet Wind Farm came into consideration after 
various other locations were determined to be unsuitable over the course 
of the past several years. Previously investigated sites were located in the 
vicinity of the W.E.B. Aruba N.V. power station, which offered advantages 
with regard to connection of the wind turbines to the power grid. The most 
important reasons that a wind farm was not possible at these locations 
were the proximity to the Reina Beatrix Airport and the attainability of the 
property. 

The location of the wind farm at the Vader Piet site appeared to be a 
realistic alternative. The country of Aruba owns the required parcels and is 
prepared to extend a long-term lease for their use [DIP, 2004]. The rather 
remote location of the wind farm also plays a role; at this site the wind farm 
will be of relatively little nuisance to people. 

The site is located at the northeast end of Aruba (see figure 1.1). The site 
can be reached via a partially unpaved road; this road forms the western 
border of the site. The wind turbines will be located approximately 40 
meters to the east of the road. 

The site layout has already been determined. The area to the east of the 
road is a military firing range. However, W.E.B. Aruba N.V. has received 
permission from the country of Aruba and the Royal Netherlands Navy to 
erect wind turbines along the western edge of this firing range, which will 
result in no hindrance to the firing exercises (the firing direction during 
exercises is from the location, toward the sea). The west end of the wind 
farm is bordered by the conservation area (Parke Nacional Arikok) and 
the north end of the wind farm is bordered by a conservation area along 
the coast. This area is designated in the Act on Nature and Landscape 
Protection [VROM/LW, 1996] as open landscape and a conservation area, 
which must remain free of projects with negative visual and physical 
characteristics. From the edge of the conservation area along the coast, 
extending in southerly direction, a row of at most 10 wind turbines will be 
erected along a line with a north-south orientation. Approximately 115 
meters to the south of the most southerly situated wind turbine lies an 
undeveloped parcel; no wind turbines may be placed in this area either. 

This means that there is no flexibility concerning the placement of the wind 
turbines at the site. W.E.B. Aruba N.V. has submitted a request to the 
Aruban government for acquisition of this land in order to develop a wind 
farm. The government has since declared that because this will serve the 
general interest it is willing to provide a long-term lease for the land [DIP, 
2004], despite a negative recommendation from the aesthetic control 
committee due to the visual impact on the surroundings. 
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2.2 Characteristics of the Intended Activity 

2.2.1     Configuration of the Wind Farm 

From the perspective of power yield, it is important that the wind turbines 
not be placed too close to each other. After all, if one turbine is placed too 
close to another, the effect of the wind shadow on the second wind 
turbine can reduce its power production by up to 50%. The predominant 
wind direction is northeast (89°). Based on this, it has been determined 
that the distance between the wind turbines must be at least three times 
the rotor diameter. For a rotor diameter of 50 m, this means an 
intermediate distance of about 150 m. 

2.3 Infrastructure 

2.3.1 Power Production and Transport 
The wind turbines will be connected to the 60 kV San Nicolas substation in 
Zeewijk. The wind turbine generator will produce electrical power at 
around the 600 Volt level. To limit network losses, the electrical power will 
be converted to a higher voltage level by transformers located as close as 
possible to the wind turbine (12.6 kV or 60 kV, for example). These 
transformers will be connected to a switching station near the wind farm 
from which one or more underground cables can be run to the connection 
point in Zeewijk. The 60 kV/12.6 kV San Nicolas substation is 
approximately 6 km from the Vader Piet site. The cable dimensions will be 
selected to account for the maximum allowable voltage fluctuation and 
network losses. 

2.3.2 Wind Measurement Mast 
In addition to the wind turbines, a wind measurement mast with a height of 
approximately 50 m will be erected, which will be used to determine the 
prevailing wind conditions. The measured wind conditions will be used to 
ensure proper and safe operation of the wind farm. 

2.3.3 Access 

Access to the wind farm during the construction phase and for 
maintenance of the wind turbines will be achieved via the existing partially 
unpaved road that runs parallel to the site. 

2.4 Construction, Use, Management and Decommissioning 

This section examines the usual manner of construction, use and 
management, safety aspects and decommissioning of the wind farm. 
These aspects may have an impact on the environment and the people 
residing in the vicinity of the wind farm. 

2.4.1     Construction 

During the construction period, use is generally made of an excavator, 
cranes, containers, an office trailer and a break-room trailer. Therefore, 
these objects will be temporarily present in the area. Additionally, several 
trucks, including a cement truck, and passenger cars will drive to and from 
the site during the construction period. The aim is to deliver the wind 
turbine components according to a schedule that will allow them to be 
installed immediately. The mast will be placed on the foundation (about 
11m x 11m) using a crane. The crane will then be used for installation of 
the nacelle 
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and rotor blades. Electrical provisions and connections will also be fitted. 
Several weeks must be allowed for the installation and connection of each 
wind turbine. The depth of the foundation is dependent on the soil 
conditions, the expected wind load and the type of wind turbine that is to 
be installed. The foundation will be approximately 2.6m deep. The exact 
foundation depth can only be determined precisely once soundings have 
been made on location. The foundation consists of a foundation block of 
reinforced concrete. Ground electrodes may also be installed. 

The installation of the entire wind farm will take place in the period from 
August 2005 through February 2006. This period falls partially within the 
wet season (July through January). The dry season in Aruba is from 
around February through June (source: www.meteo.an). During this 
period the low areas at the Vader Piet site will not contain any water, which 
falls outside the construction period. As a result, it may be expected that 
less fauna will be present at the location during the dry period. This is 
discussed in more detail in chapter 5. 

2.4.2 Use and Management 
With regard to use and management, regular delivery and removal of 
consumable articles that are necessary for operation of the wind turbines 
will take place. It may also be necessary to perform work activities and 
inspections with a crane after completion of the construction. In most 
cases, however, regular repairs and maintenance will be performed 
without a crane. 

The responsible wind farm manager will monitor the status of the wind 
turbines remotely. Besides the regular visits by the wind farm manager, 
additional traffic movements will occur as a result of the (recreational) 
visitors to the wind farm. Depending on the selected type of wind turbine, 
service-related maintenance will be performed on each wind turbine 
between 2 and 12 times per year. 

During the operational phase, the area will remain completely accessible 
for the public and the military activities on the firing range. Fencing (15m x 
20m) will only be placed directly around the individual turbines. 

2.4.3 Safety 
A great many matters relating to the safety of the wind turbines are 
regulated by the IEC 61.400-1 standard. In relation to this project, the 
following matters are worthy of mention: 
• only wind turbines that comply with the IEC 61.400-1 and/or NVN 

11400-0 standards will be considered; 
• the quality system of the wind turbine supplier and the application 

thereof must meet the conditions established by NEN-ISO 9001; 
• quality control, by a recognized body, of the production of the 

foundation, the rotor blades and the nacelle during the construction and 
installation; 

• use of a monitoring system with which the wind turbines can report 
malfunctions and can be remotely monitored and controlled; 
 

• the wind turbines can be shut down by means of a minimum of two 
independently operating systems, which include a wind farm computer 
and an automatic system within the turbine itself; 



@ Grontmij      13/99051988/CD, version D2 
Page 10 of 28 

 

Error! Style not defined. 

•    establishment of a maintenance contract that includes, among other 
things, inspection of and maintenance to the rotor blades, maintenance 
and inspection of wind measurement equipment and maintenance and 
inspection of the monitoring system. 

2.4.4    Decommissioning 

The technical service life of the wind farm is estimated to be about 20 to 30 
years. The economic service life will be shorter, probably about 15 years. 
Once the economic service life has elapsed, there is the possibility that the 
then outdated wind turbines will be replaced with new wind turbines with a 
greater power capacity. If the decision is made to remove the wind farm, 
the foundations will be removed along with the turbines, which will then be 
removed from the site so the location is returned to its original state. 
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3     Present Environmental Situation at the 
Site Location 

Buildings near Vader Piet Wind Farm site 

The area within which the Vader Piet Wind Farm is located is remote and 
far from developed areas. There are no residential buildings located in the 
vicinity of the site. The closest undeveloped privately owned parcel is 
located 115 meters from the most southerly wind turbine. The next closest 
residence is located 375 meters from the most southerly turbine. 

To the southwest of the site, a few hundred meters from the planned 
location of the most southerly wind turbine, is an abandoned complex with 
several old structures and rusty excavators. 

In the western portion of the wind farm site is an open structure with roof 
and floor that is used as an assembly point for the military personnel (see 
figure 3.1) when exercises are being conducted. 

 

 

Figure 3.1 Site with Assembly Point for Military 
Personnel 

Landscape and nature 
Aruba is composed of old rock layers that were produced by processes 
such as undersea volcanic eruptions. This rock first emerged above sea 
level approximately sixty million years ago. Thereafter, much younger coral 
limestone deposits formed around it. The oldest, volcanic 
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portion of Aruba is located in the middle of the island. This is the area that 
includes the highest peaks on the island: the Jamanota (189m) and Arikok 
(188m). The eastern portion of the island, at the intended location of the 
wind farm, consists of limestone formations. In the vicinity of the site are 
various caves (in which bats live), including "Tunnel of Love" and "Huliba". 

As a result of the tropical climate with little precipitation, the flora is fairly 
limited. There are approximately 500 species. The vegetation primarily 
consists of thorny and non-thorny shrubs, such as cacti, agave and aloe. A 
representative tree type is the divi-divi or watapana; this is a low-growing 
type of tree that often grows in a bent form due to the wind. The 
surroundings at the wind farm site consist of dry, rocky ground, sparsely 
covered with cacti. A depression in which water collects is present in the 
immediate vicinity of the most northerly and most southerly wind turbine. 
During the wet season (July through January, source: www.meteo.an), 
these depressions are used as drinking pools by the fauna living in the 
area. 

The fauna is also limited. There are seven species of lizard, of which the 
iguana is the best known. Aruba also has two species of snake that are 
unique to the island; these are the santanero and the poisonous cascabel. 
The island is also home to a limited number of wild donkeys; these 
donkeys can often be found near the two pools at the wind farm site (see 
figure 3.2). 

 

Figure 3.2 Drinking Pool with Wild Donkeys in the Background 

Aruba has around 174 bird species. However, most of the birds are only 
present during the winter migration period or while they are underway to a 
nesting location elsewhere. Approximately 50 species nest on the island, 
among which are various species of terns. Some of these bird species are 
among the most beautiful in the world, such as the Aruban parakeet 
"Prikichi", the Orange-backed Troupial, the "Shoco" owl and the Chuchubi, 
also known as the "Sugar Thief". Several bird 
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species are legally protected, including the Yellow Troupial and the Sugar 
Thief. American Bald Eagles (Pandion haliaetus) and falcons (American 
Kestrel) are also often spotted on the island. 

 

 

Figure 3.2 American Kestrel 

In general, it can be stated that the Vader Piet Wind Farm site is located in 
a natural environment in which valuable flora and fauna are present. The 
Act on Nature and Landscape Protection (1996) mentions the flora and 
fauna present in Aruba. The site borders the national park "Parke Nacional 
Arikok". 
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4     Socio-Economic Impact Assessment 
(SEIA) 

4.1       Power Production from Fossil Fuels 

The necessity for sustainable power production is becoming increasingly 
clear: the fossil fuels are being depleted and the greenhouse effect 
(warming of the Earth’s atmosphere) compels us to limit the harmful impact 
of our power consumption. 

The harmful effect is caused by the combustion of fossil fuels, such as 
crude oil, natural gas, black coal and brown coal. These fuels are the raw 
materials for the production of gasoline and LPG. The W.E.B. Aruba N.V. 
power station delivers power that is generated using heavy fuel oil. 

Combustion leads to increased levels of greenhouse gases (mainly carbon 
dioxide (CO2)) in the atmosphere. This results in the retention of more heat 
within the Earth’s atmosphere, which causes the average temperature on 
Earth to rise (see figure 4.1). The greenhouse effect can result in global 
climate change. The United Nations expects that the climate change during 
the 21st century could cause extensive flooding, extreme weather 
conditions, drought and unsuitability of agricultural land for growing crops. 

 

 

Source: United Nations Environment Programme/GRiD-Arendai 

Figure 4.1 Greenhouse Effect Diagram 

The combustion of fossil fuels also results in the emission of virtually all the 
oxides of nitrogen (NOX) and sulphur dioxide (SO2), which cause the 
acidification of water, soil and air. 
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4.2 Sustainable Energy 

There are alternatives to fossil fuels, such as nuclear energy and 
sustainable energy. The electricity that is obtained from nuclear energy is 
theoretically "clean", but the radioactive waste that nuclear power plants 
produce creates a storage problem that is not easily solved. Sustainable 
energy is obtained from renewable (inexhaustible), clean energy sources, 
which eliminate the emission of harmful substances. 

Two types of sustainable energy sources can be distinguished. First of all, 
there are sources of sustainable energy that generate electricity. This 
includes, for instance, wind power, (photovoltaic) solar power, water power 
and bio-energy. In addition, there are sources of sustainable energy that 
produce heat. This category includes geothermal energy, (thermal) solar 
energy and heat pumps (ambient energy). 

Furthermore, the energy demand can be reduced through an active 
energy saving policy. This will result in less environmentally-harmful 
energy production. 

4.3 Wind Power 
Wind power has been the subject of great interest during the past decade. 
The installed power capacity has grown enormously during the past few 
years. As of January 1, 2004, the global installed power capacity was 39.4 
GW (39,400 MW), a growth of no less than 26% compared to the 
beginning of 2003 (31.2 GW). In the coming years the importance of wind 
power will continue to grow steadily. Wind power will therefore play an 
increasingly important role in our total energy supply. The enormous 
potential and the continuous improvement of the competitive position in 
relation to other energy sources makes wind power an essential substitute 
for fossil fuels when the economic extraction of those sources comes to an 
end. It will therefore make a continually greater contribution to sustainable 
energy production in the future. 

Because the supply of wind fluctuates, and along with it the power 
production, it is necessary to combine wind power with other energy 
sources of both sustainable (e.g. solar energy or ambient heat) and non-
sustainable power production. 

4.4 Vader Piet Wind Farm 

The development of the Vader Piet Wind Farm contributes to a reduction 
of harmful impacts on the environment (particularly the greenhouse effect). 
In addition, Aruba will become less dependent on power production from 
heavy fuel oil. The Vader Piet Wind Farm will produce enough electricity to 
meet approximately 5.6% of Aruba’s demand. This is therefore a 
contribution to the production of clean and sustainable energy. 

Power Yield and Eliminated Emissions – Vader Piet Wind Farm 

The installed power capacity of the wind farm amounts to around 10 MW. 
Because wind is not always available, electrical losses occur, maintenance 
must be carried out on the wind turbines and the wind turbines sometimes 
shut down due to a defect, an average of 6 MW will be delivered to the 
electricity network. That represents a net power yield of 47,000 MWh/year. 
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An average family uses approximately 9,300 kWh/year. This means that 
the wind farm can provide sufficient energy for approximately 5,000 
families. 

Production of electricity by means of wind power contributes to the 
reduction of heavy fuel oil consumption and therefore to the reduction of 
CO2 (greenhouse gas) and SO2 and NOX (acidifying substances). The 
contribution to the reduction of CO2, SO2 and NOX is directly proportional to 
the net power yield of the wind farm. 

The net energy yield and the eliminated emissions are shown in the table 
below. The emission reduction has been calculated based on the current 
consumption of heavy fuel oil. 

Table 4.1 Net Energy Yield and Eliminated Emissions 

net energy yield 47,000 MWh/year 
eliminated CO2 emissions 60,714 metric tons/year 
eliminated SO2 emissions 578 metric tons/year 
eliminated NOx emissions 425 metric tons/year 

Cost Savings 

Production of electricity by means of wind power contributes to the savings 
on the purchase of heavy fuel oil. Because around 5.6% of Aruba’s 
electricity needs can be generated by means of wind power, an estimated 
19,285 metric tons of heavy fuel oil (around 125,000 barrels) can be saved 
per year. At an average price of USD 25/barrel, this leads to an annual 
savings of around USD 3.125 million per year. 

4.5       Sustainability and Energy Balance 
Sustainability 

Nearly all the components of a wind turbine farm are reusable. That also 
applies to the space it occupies: when a wind farm is dismantled at the 
end of its service life, the landscape can be completely restored to its 
original state. The rotor blades are an exception: they are usually made of 
fiberglass. At present they are only reused as raw material for outdoor 
furniture or as an additive in concrete. Research is currently underway into 
higher-grade forms of reuse and the use of natural fibers, such as wood 
[Beurskens and Van Kuik, 2001]. 

Power Balance 

Another measure of the sustainability of wind power is a comparison of the 
quantity of energy necessary for the production, maintenance and 
ultimately the removal versus the time necessary before the input 
(required energy) is recovered (energy yield). This can be determined by 
means of a "life cycle analysis". Depending on the type of turbine and the 
wind climate at the location, the time is estimated to be three to six months. 
A life cycle analysis conducted by Danish wind turbine manufacturers 
resulted in an energy recovery time of three months [Danish Wind Turbine 
Manufacturers Association, 1999]. 
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Offset against a technical service life of approximately 20 years, this 
means that a wind turbine can produce 40 to 80 times its own energy 
input. This means that the CO2, SO2 and NOX emissions resulting from the 
production of a wind turbine are negligible in comparison to the amount of 
these substances that will not be produced by conventional energy sources 
during its service life. 

It is expected that the development of the Vader Piet Wind Farm will not 
have any effect on the price of electricity. This is a consequence of the 
high investment per MW of installed power capacity, the average yield that 
is limited to 60% of the installed power capacity and the limited economic 
service life of around 15 years. The costs associated with maintaining the 
"back-up" generating equipment in the conventional power station and 
keeping it operational must also be taken into account. 
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5     Impact Description 

5.1 Introduction 

This chapter examines the consequences of the Vader Piet Wind Farm for 
the environment. The description of environmental impact is made in 
relation to the current situation in this area. This chapter also specifies the 
measures that can be taken to mitigate the negative environmental 
impacts to the greatest possible extent. In sequence, the following types 
of impact are discussed in this chapter: 
• land use (5.2) 
• ecology (5.3) 

• landscape (5.4) 
• noise and other aspects (5.5) 

5.2 Land Use 

5.2.1 Current Land Use 

The current function of the site is to serve as a military firing range. 
Consideration has already been given to this during determination of the 
wind turbine placement. Because the wind turbines will be placed along 
the western edge of the area, this creates no hindrance to firing exercises 
(the firing direction during exercises is toward the sea). 

5.2.2 Recreation 

With regard to the recreation in the area of the wind farm, the visibility and 
the noise from the wind farm are important factors. The wind farm will be 
visible from the wide surrounding area. This applies primarily for 
recreational visitors who drive along the unpaved road to reach the caves 
(incl. Tunnel of Love) and Parke Nacional Arikok. The manner in which 
recreational visitors will respond to the wind farm is rather subjective. One 
group will be unhappy that the unspoiled natural state of the area is 
affected. Others will be enthralled with the wind farm and consider it to be 
an enrichment of the area. 

In terms of noise, the wind farm will only be audible up to a distance of 250 
meters from the wind farm. At a greater distance the background noise of 
the wind dominates. 

5.2.3 Buildings 

There are no buildings present at the location of the Vader Piet Wind 
Farm, with the exception of an open structure along the eastern edge of 
the site that serves as an assembly point for the military personnel when 
exercises are being conducted on the firing range. This structure is located 
several tens of meters from a wind turbine. 

On the west side of the unpaved road, parallel to the southern portion of 
the wind turbine site, there are several abandoned commercial buildings 
and 
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rusted machinery approximately 200 m from the most southerly wind 
turbine. This site was once an asphalt company, but is now abandoned. 
Therefore the wind farm has no impact on it. 
The closest undeveloped privately owned parcel is located 115 meters 
from the most southerly wind turbine. The next closest residence is 
located about 375 meters from the most southerly turbine. This distance 
is so great that the wind turbine farm will not produce any danger or 
disturbance to this residence or others located farther away. 

5.2.4 Infrastructure, Pipelines and Cables 

There is no infrastructure present at the site location or in the immediately 
surrounding area, with the exception of the unpaved road on the west side 
of the site. On the west side of the unpaved road is an aboveground water 
line (approx. 1 cm in diameter). Additionally, as far as is known, there are 
no electrical cables or gas lines present at or near the site. 

Development of the wind farm has no influence on these utility 
provisions. 

5.2.5 Radio Links and Transmitters/Receivers 

High obstacles, such as wind turbines, can interfere with 
telecommunication radio links.  Telecommunications company Setar N.V. 
has a radio link that passes through the wind farm site. This radio link 
provides the connection with Curacao, from atop the Hooiberg (mountain). 
The radio link crosses the wind farm perpendicular to the wind turbines. 

The telecommunications company has been contacted to determine the 
extent to which the wind turbine site could interfere with the radio link. Both 
the Office of Telecommunications Affairs and Setar N.V. have confirmed 
that the wind farm will not interfere with the radio link. 

5.2.6 Radar and Navigation Systems 

Under certain conditions, the erection of wind turbines can lead to 
disruption of the radar image or to blocking the radar line of sight to areas 
of the sea. 

There are, however, no radar systems located in the vicinity of the site. The 
government does have plans, though, to establish radar emplacements 
along large stretches of the Aruban coast in the future. If consideration is 
given to the position of the Vader Piet Wind Farm during such placement, 
radar interference will be prevented. 

Mitigation Measures 

If radar interference does occur, which is unlikely, use can be made of a 
secondary radar system to obtain good visibility of the area. 

5.3       Ecology 

5.3.1     Impacts on Vegetation 

The site location and direct surroundings of the wind farm consist of dry, 
rocky ground, sparsely covered with various cactus-like species. The most 
northerly portion of the site location is largely barren of plant growth. 
Development of the wind farm leads to a limited loss of vegetation at the 
location of the wind turbines. For each wind turbine, a surface 
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area of approx. (15 x 20m) 300m2 will be used. A surface area of (20 x 
20m) 400m2 will also be used for a transformer/ switching station and wind 
measurement mast emplacement. Additionally, a surface area of 
approximately 4,800 m2 will be used for 3.5 meter wide connector roads to 
the wind farm. The total surface area is around 0.34 ha for wind turbines, 
transformer station and measurement mast and 0.48 ha for connector 
roads, or 0.82 ha all together. A limited surface area will also probably be 
temporarily affected by the digging of cable trenches between the wind 
turbines and between the wind farm and the road. Following installation of 
the cables, the vegetation can regrow. 

A portion of the total of 0.82 ha, particularly the southern portion, is 
primarily covered with cactus species (see figure 5.1). This vegetation will 
be lost. Considering the limited surface area in which vegetation will be 
lost, it can be stated that the net impact will be very limited. 

.  ■ *  

Figure 5.1 Cactus-Like Growth in the Southern Portion of the Site Location 

5.3.2     Impacts on Birds 

Risks for Birds in General 
Three types of impact are distinguished in the analysis of the risk to birds 
posed by wind turbines: collision risks, barrier effect and disturbance. 

Collision Risks 

Birds can collide with a wind turbine and become injured or die. This danger 
is greatest at night, particularly on nights with poor visibility (e.g. in foggy 
weather). Most of the birds in Aruba are only present during the winter 
migration period or while they are underway to a nesting location 
elsewhere. Approximately 50 species nest on the island, among which are 
various species of terns. The collision risk at the wind farm is fairly limited 
because there is no mass seasonal migration over the location and there 
are no foraging movements between colonies on the coast and foraging 
areas at sea. 
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Nearly all the flight movements in the area of the wind farm are of locally 
resident birds that fly at limited height (within 10 meters) above the ground. 
It may be assumed that such locally resident birds (with the exception of 
juveniles) are familiar with the local situation (the presence of the wind farm) 
and that the collision risk is therefore considerably lower. An additional 
factor is that the greatest risks of collision occur during weather conditions 
with poor visibility (fog) [Verheijen et al., 1980,1981]. Such conditions occur 
seldom in Aruba. For this reason, the chance of a possible collision is 
limited. 

Barrier Effect 
Birds can shift their flight routes as a result of a collision risk. Wind turbines 
therefore form a barrier along a flight or migration route. There are no flight 
movements between the coast and foraging areas at sea. The distances 
from the wind turbines to the coast are shown in the following table. 

Table 5.1 Distances of Wind Turbines from the Coast 
 

Wind turbine no. Distanc
e 

from the 
coast 

Wind turbine no. Distanc
e 

from the 
coast  (m)   (m)  

1  950 6  777 
2  945 7  692 
3  865 8  590 

4  826 9  521 

5  811 10  382 

For flight movements parallel to the coast at a minimum distance of 500 m 
alongshore of the wind farm (except for wind turbine no. 10), the wind farm 
will hardly form a barrier because the wind turbines are erected more or 
less parallel to the flight route. 

Disturbance 

Due to the presence of a rotating wind turbine, with associated noise and 
movement, birds may leave the area around the wind turbine. The 
disturbance distance differs greatly per species. Various studies show that, 
if disturbance occurs, the disturbance distance is limited to a zone of 
approximately 200m around the wind turbines. It is expected that no birds 
will nest within this zone. 

Terns 

Ten different species of terns are present on the island, of which eight 
species regularly nest on the island. Terns are seabirds that spend the 
majority of their lives at sea in search of food. Terns only come on land to 
nest and raise their young. The species that nest in Aruba are: Sandwich 
Tern, Royal Tern, Roseate Tern, Common Tern, Bridled Tern, Sooty Tern, 
Least Tern, Brown Noddy and Black Noddy. 

The species listed above nest from March through September in San 
Nicolas Bay (Rodgers Beach), on small coral reefs, at a great distance from 
the wind farm (6 km). Research conducted by Dr. Adrian del Nevo (director 
of Applied Ecological Solutions Inc.) has shown that approximately 98% of 
all the terns 
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on the islands nest in San Nicolas Bay. There are no colonies along the 
stretch of coast where the wind farm is located. It is known, however, that 
terns forage over the water along this stretch of coast (source: Directorate 
of Agriculture, Cattle-breeding and Fishery (LVV)). Because the wind 
turbines (except for wind turbine no. 10) are located more than 500 meters 
from the coast, it is not likely that the wind turbines form a threat to the 
terns. Another factor that plays a role is that the wind turbines are erected 
more or less parallel to the direction of foraging (along the coast), which 
makes the chance of collision minimal. 

Little Owl (Shoco) 
The Little Owl, also referred to locally as the Shoco, is an endangered 
native owl species that is present at various locations on the island. 
Among other areas, the Little Owl inhabits the area around the "Tierra del 
Sol" golf course at the northwest end of the island. The Little Owl nests 
under the ground, usually in abandoned burrows. The Little Owl is 
primarily nocturnal but is also active during the day (at twilight). The most 
important food source is anthropods, such as grasshoppers and beetles. 
They also eat small mammals. The Little Owl hunts on the ground (chasing 
grasshoppers for instance), in low flight above the ground (chasing insects) 
and from a high perch. Because the Little Owl generally forages at low 
height above the ground and only flies short distances, it is not likely that 
wind turbines pose a danger to this species. 

Bald Eagles and Falcons 

The Directorate of Agriculture, Cattle-breeding and Fishery (LVV) has 
indicated that American Bald Eagles (Pandion haliaetus) are regularly 
sighted on the island, particularly at the southern tip of the island. These 
birds primarily forage in the coastal zone. Falcons (American Kestrel) are 
also spotted regularly. It is possible that such birds will collide with the 
rotor blades of a wind turbine. The chance of this occurring is very slight, 
however, because the wind turbines are erected more or less parallel to the 
direction of foraging (along the coast), which makes the chance of collision 
minimal. 

5.3.3    Impacts on Other Fauna 
Donkeys 

As for most animal species, the impact of a wind turbine farm on donkeys 
will, in principle, be temporary. Based on experience with other wind 
farms, it appears that the fauna present in the area become accustomed 
to the presence of wind turbines and the noise nuisance they produce. 
This will also be the case for the donkeys that live, among other places, at 
the Vader Piet site. 

Disruption during Construction Phase 

Despite this, the donkeys are an important point of concern. The population 
of wild donkeys in Aruba is small and threatened. Due to the presence of 
water at the location during the wet season (July through January), the 
donkeys use the available pools as a drinking place and they remain in the 
area. Particularly during the construction phase, the donkeys may be 
frightened by the installation work, which may cause them to leave the 
area. Depending on the seriousness of this and the options to graze and 
drink elsewhere, there is a possibility that the donkeys may not return to 
the Vader Piet site after the development of the wind farm. 
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Mitigation Measures 

One of the ways to prevent the possible negative effects on donkeys is to 
construct the wind farm during the dry season (February through June). 
During this period, the donkeys cannot make use of the drinking pools, and 
they will probably remain elsewhere for a large part of the time. When the 
donkeys seek the drinking pools again in the wet season, they will 
encounter a wind farm. During the management phase, a wind farm will 
cause considerably less nuisance than a during the construction phase. 

A second potential measure is to place drinking troughs outside the 
location. This measure is intended to entice the donkeys away from the 
location during the construction phase. It is uncertain whether the donkeys 
will make use of this alternative. In other words, is it not yet clear to what 
extent this measure will be effective. 

Bats 

It is known that wind turbines can present collision risks and disturbance 
for birds (see section 5.3.2). Research in the United States and elsewhere 
has shown that wind turbines can also result in deaths among another 
group of flying animals: bats. German research has shown that wind farms 
can create a disruption to the hunting areas and flight routes of bats. 

The occasions on which bats have been found to have been killed by wind 
turbines were mostly during studies focused on bird casualties. An 
example is a study in the United States in which the ground near 73 wind 
turbines was inventoried for a period of 20 months. In addition to birds, the 
researchers found a total of 13-15 dead bats of five different species. 
Further investigation showed that the animals were killed by collision with 
turbine rotors. During the same period, approximately the same number of 
birds (12) were found. The density of both the bird and bat populations in 
the study area were not known, however, so no conclusions could be 
drawn concerning the relative chance of collision for birds and bats. 

Due to the relatively high speed of the rotor blades, it is possible that the 
echolocation used by bats may not detect  them or that the blades may not 
be recognized in time to be avoided. Direct collisions can be the 
consequence. This idea is supported by the fact that bats regularly collide 
with cars. Systematic investigation into collisions between bats and wind 
turbines has not yet been conducted, however. 

At the Vader Piet site, the erection of wind turbines is not expected to have 
any direct effects on bats. Direct effects occur through the elimination of 
trees or buildings in which bats live. This will not occur at the Vader Piet 
site. Indirect effects, as a result of disturbance, may occur, however. Wind 
turbines can act as barriers, with negative consequences for the 
exploitation of feeding areas that bats generally access via traditional 
routes. 

Another possible form of disturbance is the ultrasonic noise that rotating 
turbine rotors produce in the frequency range of 15-35 kHz. Because the 
frequencies of some species of bats 
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are precisely in this range, this can result in acoustic interference with the 
echolocation used by bats. This could have a negative impact on the bats’ 
foraging (detection and catching of prey) and navigation. Experiments in 
which bats have been exposed to ultrasonic sounds, however, have only 
resulted in limited responses from the bats. Thus it is expected that this will 
have no significant negative impact on the bats that forage at the Vader 
Piet site. 

Collisions and indirect disruptions of nocturnal flight movements are mainly 
to be expected among species that have adapted to flying in open areas. 
These species have relatively little bond with ascending landscape 
elements and fly at relatively high altitudes. Because they sometimes fly at 
altitudes above 30 meters, they are at risk of colliding with the rotor blades. 
The chance of this is not great, however, as bats generally fly less than 30 
meters above the ground and the lowest point of the turbine rotor blades 
(the tip) at the Vader Piet site will be 35 meters above ground level. 

Conclusion 

It can be concluded that a negative impact on bats could occur, but that 
these will be minor because the rotor blades are sufficiently high above the 
Earth's surface that they are not located within the bats’ flight routes. At the 
moment, too little is known about the behavior of bats and their interaction 
with the landscape to draw well-founded conclusions about the impact of 
wind turbines on bats and those at the Vader Piet Wind Farm in particular. 

5.4       Landscape 

The wind farm will clearly have an impact on the landscape. Due to their 
height (tower height: 60m; maximum height: 85m), the wind turbines will 
be visible from the wide surrounding area. This will have an impact on the 
relatively unspoiled natural state of the area. The wind turbines will 
primarily be seen by recreational visitors, because there are virtually no 
buildings in the immediate vicinity (with the exception of homes at the 
southern end of the wind farm). From the closest home, at a distance of 
about 375 meters, the southernmost wind turbines will be clearly visible. 
From the houses at a greater distance the visibility is considerably less, in 
part because the houses are surrounded by rising cactus vegetation. 

People’s opinions concerning the wind farm will vary. One group will be 
unhappy that the unspoiled natural state of the area is affected, while 
others will be enthralled with the wind farm and consider it to be an 
enrichment of the area. 
The aesthetic control committee has issued a negative recommendation for 
the placement of wind turbines at the Vader Piet site due to the visual 
impact on the area. The national government of Aruba has considered this 
advice but nevertheless, in view of the general interest, has given 
permission for the development of the wind farm at this location. 

Mitigation 

The negative impact on the landscape can be partially alleviated by 
reducing the visibility of the wind farm. This can be achieved by painting the 
turbines in a particular color that will make them less 
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visible. However, reduced visibility also means that the wind farm will be 
less visible to wildlife, in particular birds. Birds and landscape are therefore 
conflicting interests. When choosing the color of the turbines, an 
assessment must therefore also be made to determine which impact 
weighs most heavily. 

5.5       Noise and Other Potential Impacts 
Noise Nuisance 

The noise produced by wind turbines is governed by international ISO 
standards. At the location of the most closely located residential building at 
the south end of the wind farm, the noise of the wind turbine will be less 
than or equal to the ambient noise level. The wind farm will be slightly 
audible to people (recreational visitors) who drive along the unpaved road 
adjacent to the wind farm. This is only the case at relatively low wind 
speeds; after all, at high wind speeds the background noise exceeds that 
of the wind. 

The effect on animals has already been described in the section 5.3. 
Experience has shown that, over time, most animals acclimate to the 
sound of wind turbines. With (timid) birds, one mostly sees that they do not 
nest in the zone within 200 meters of the wind turbines; this has to do with 
the noise nuisance. 

Traffic Increasing Effect 
The wind farm could lead to an increase in traffic as a consequence of 
visitors to the wind farm. A portion of the visitors will come to visit the caves 
in the area and Parke Nacional Arikok and will subsequently stop to look at 
the wind farm. The extent to which the wind farm will lead to higher traffic 
intensity is unknown. If this leads to higher traffic intensity, the donkeys 
living in the vicinity of the drinking pools may be disturbed and may move 
to surrounding areas. 

If this appears to be the case, measures can be taken at that time to 
alleviate this complaint. 

Surface Erosion 

The area around the wind turbine (15 x 20m) is enclosed by fencing. As a 
foundation for the wind turbine, a block of concrete measuring about 11m x 
11m will be poured; the rest of the area within the fencing will be paved. 
Outside the fencing, the natural rock surface will remain undisturbed. Wind 
turbulence is produced in the wake behind the rotor blades. Considering 
that the distance between the lowest point of the rotor blades (the tip) and 
the Earth’s surface (about 35m), it is safe to assume that the wind 
turbulence will not lead to surface erosion. Considering the nature of the 
surface substrate (concrete/paving directly around the turbine with natural 
rock surface in the surrounding area) this is not likely to occur. 

Light Flickering 

Since there is no permanent habitation in the vicinity, this effect will have 
no impact on the surroundings. 
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6     Conclusions and Compensation Initiative 

Conclusions 

Based on the impact description in chapter five it is clear that the impact 
of the wind farm is, in general, fairly limited. The wind farm mainly has an 
impact on the landscape and ecology. 

As a result of the height and size of the wind turbines, the appearance of 
the local landscape will change considerably. The wind farm will be clearly 
visible from a great distance; this is negative effect. It is difficult to say how 
people will feel about the wind farm, as opinions vary. One group will be 
unhappy that the unspoiled natural state of the area is affected, while 
others will be enthralled with the wind farm and consider it to be an 
enrichment of the area. 

With regard to the ecology, the impact will primarily occur during the 
development period; this particularly applies to the donkeys living in the 
area. The donkeys will avoid the area during the construction. When the 
wind farm is complete, the donkeys will probably return to the area. 

 

Table 6.1            Overview of 
Impacts 

Vader Piet Wind Farm 

Aspect Impact 

Land use  

current land use none 
recreation limited (positive or negative) 
buildings none 
infrastructure, pipelines and cables none 
radio links none 
radar and navigation systems none 

Ecology  

vegetation very limited 
birds limited 
other fauna (donkeys and bats) limited 

Landscape  

visibility large 
perception limited (positive or negative) 

Noise and other aspects  

noise nuisance none/limited 
erosion  
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Socio-Economic Impact Assessment (SEIA) 
The development of the Vader Piet Wind Farm will provide an important 
contribution to the production of clean (no harmful emissions) and 
sustainable energy. In addition, Aruba will become less dependent on 
power production from heavy fuel oil. The wind farm will provide energy 
for about 5,000 families, and will supply around 5.6% of Aruba’s electricity 
need. 

Compensation Initiative 

Through development of the wind farm, approximately 0.34 ha of the area 
will be used for the wind turbine, transformer and switching station locations 
and approximately 0.48 ha for the access roads. W.E.B. Aruba N.V. has 
the intention of compensating this through the preservation of nature 
elsewhere. A contribution to local initiatives to protect/improve the natural 
environment is also among the possibilities. 
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Appendix 1 

Site plan for Vader Piet Wind Farm 


