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ABSTRACT:

The United Arab Emirates (UAE) government has declared the increased use of alternative energy a strategic goal and has invested in
identifying and developing various sources of such energy. This study aimed at assessing the viability of establishing wind farms
offshore the Emirate of Abu Dhabi, UAE and to identify favourable sites for such farms using Geographic Information Systems (GIS)
procedures and algorithms. Based on previous studies and on local requirements, a set of suitability criteria was developed including
ocean currents, reserved areas, seabed topography, and wind speed. GIS layers were created and a weighted overlay GIS model based
on the above mentioned criteria was built to identify suitable sites for hosting a new offshore wind energy farm. Results showed that
most of Abu Dhabi offshore areas were unsuitable, largely due to the presence of restricted zones (marine protected areas, oil extraction
platforms and oil pipelines in particular). However, some suitable sites could be identified, especially around Delma Island and North
of Jabal Barakah in the Western Region. The environmental impact of potential wind farm locations and associated cables on the
marine ecology was examined to ensure minimal disturbance to marine life. Further research is needed to specify wind mills
characteristics that suit the study area especially with the presence of heavy traffic due to many oil production and shipping activities

in the Arabian Gulf most of the year.

1. INTRODUCTION

The growing world population, the fast depletion of fossil fuel
reserves and the documented climatic effects of fossil fuel
burning have prompted world governments to pursue renewable
energy alternative (El Chaar and Lamont 2010). The United Arab
Emirates (UAE) is no exception. Based on 2009 figures, 98% of
electricity in the country is generated from natural gas power
plants (Mondal et al 2014). With an unprecedented rate of
economic growth and abnormal population growth, the increased
demand for electricity lead to increases in CO* emissions. (Kazim
2010). UAE government has set a goal to reduce emission rates
and seek alternative sources of energy.

Wind power is readily available and has been used throughout
history to help accomplish mechanical task such as water
pumping. The development of turbines that convert wind energy
into electrical energy put wind in a good position as a source of
alternative renewable energy. Having wind machines with 15-20
years lifespan that can be implemented at sufficient wind sites,
makes wind energy competitive with other renewable energy
systems for electricity generation. (Ammari et al 2015).
Furthermore, wind has become one of the fastest growing
renewable energy sources for power generation and has become
more competitive with conventional energy sources in recent
years. (Chandel et al 2014).

Wind farms are often planned offshore where wind conditions are
favorable and the visual impact is less important (Punt et al
2009). These farms, in addition to being economically viable,
should have an insignificant impact on the local environment in
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terms of visual and noise intrusion, electromagnetic interference
and possible wildlife collisions (Baban and Parry 2001). The
most important factor in selecting a new site for offshore wind
farm is the availability of adequate wind resources (Kim et al
2013). Water depth and soil conditions determine the type of
foundation needed for the wind farm and have a significant
impact on its economic feasibility (Kim et al 2013). Existing and
proven stationary foundations can be used in depths up to 50 m.
Beyond that depth, less developed floating foundations are
needed. Additionally, offshore wind farms should be sited to
minimize their effect on ecology away from bird habitat and
migration paths, and away from fish habitat (Mekonnen and
Gorsevski 2015).

This study aims to assess the feasibility of establishing wind
farms offshore the Emirate of Abu Dhabi, UAE and to identify
favourable sites for such farms using a Geographic Information
System (GIS).

2. STUDY AREA
2.1 Location and characteristics

The UAE is located in the south-eastern part of the Arabian
Peninsula. It is bordered by the Arabian Sea and Oman in the east,
Saudi Arabia in the south and west and the Arabian Gulf in the
north. The study area, shown in figure 1, covers the waters of the
Emirate of Abu Dhabi in the Arabian Gulf where extensive
shallow regions, less than 20 m deep, are found along the coast
of the Emirate.
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2.2 Winds in UAE

Wind speed in the UAE is generally below 10 m/s for most of the
year. In the winter, stronger winds exceeding 20 m/s and
sustaining for about 4-days occur almost in cyclic fashion from
the end of January. The weaker winds mostly flow from the east
and show diurnal oscillation. All strong winds, regionally known
as ‘shamal’, come from the northwest. The summer winds are
much weaker than in the winter and mostly blow from northwest
direction. Their speed rarely exceeds 10 m/s and stronger winds
do not sustain for long duration. (Elshorbagy et al 2013; Ouarda
et al. 2015).
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Figure 1: Study area

The map of UAE mean wind speed at 50m extracted from the
National Renewable Energy Laboratory shown in figure 2,
indicates that areas offshore the Emirate of Abu Dhabi
experience wind speeds in the range of 5-6 m/s, exceeding the
wind speed threshold for power generation (Baban and Parry
2001), indicating good potentiality for offshore AD to construct
feasible wind farms.
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Figure 2: Mean wind speed at 50 m over UAE (source: NREL)
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2.3 Oil and gas fields

The discovery and production of oil in the Emirate of Abu Dhabi
marks a turning point in its economy since the sixties of last
century. The oil industry is a major source of wealth for the
emirate and plays a strategic role in the Union. As seen in figure
3 showing oil and gas fields in UAE, Abu Dhabi holds a
significant number of these fields in its waters (Watts 2013).
These fields’ protected areas need to be excluded from the list of
potential sites for wind energy farms.
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Figure 3: Oil and gas fields in UAE (source: Watts 2013)
2.4 Marine conservation areas

Many of the species that enrich Abu Dhabi Emirate’s natural
heritage have become endangered due to many factors including
pressure from expanding population, increasing demand for food,
and industrial and urban encroachments. The Environment
Agency of Abu Dhabi (EAD) has classified specific locations as
Marine Protected Areas (MPAs) or Terrestrial Protected Areas
(TPAs) as shown in figure 4. There are six main protected areas
in Abu Dhabi, two of which are marine: Marawah Marine
Biosphere Reserve and Al Yasat Marine Protected Area. These
areas are considered restricted and cannot be used to host wind
energy farms.

Marine and Terrestrial Protected Areas in Abu Dhabi

urce: EAD Annual Report 2013

Figure 4: Map of Marine and Terrestrial Protected Areas of Abu
Dhabi, (source: EAD 2013)

3. METHODOLOGY

This study adopts a GIS-based methodology to identify areas
suitable for building offshore wind farms. The selection process
is performed in two stages: an area exclusion stage and an area
ranking stage. The former identifies all areas where wind farms
cannot be built based on environmental and economic criteria.
These areas are excluded from subsequent processing. The
second stage ranks remaining areas based on average wind speed
and water depth. It identifies unsuitable, moderately suitable and
suitable areas.

3.1 Selection Criteria
The criteria used to determine suitable locations for wind farms

are divided into two categories according to their role. The first
category yields a binary decision and is used in determining the
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excluded area mask. The second category is used to compute a
suitability score to determine different area suitability levels.

The set of of criteria for the first category is summarized in table
1 along with the conditions used to warrant the exclusion from
potential suitable sites. These criteria include environmental
parameters to exclude areas listed by the Environmental Agency
of Abu Dhabi (EAD), safety parameters mainly related to traffic
in the gulf and economic parameters primarily related to the
country’s oil and gas industry.

Parameter Unsuitability
Condition
Water/Land mask Land
Submarine cables Within 250 m
Oil and gas wells Within 250 m
Oil and gas pipelines Within 250 m
Bird conservation sites Inside
Environmentally protected areas | Inside
Maritime navigation corridor Inside

Table 1: Criteria used to exclude areas from the selection process

The set of criteria for the second category is summarized in table
2. It includes wind speed and water depth. The suitability
conditions adopted in the study are based on published literature.
Areas where wind speed are below 4.5 m/s are not favourable for
wind energy and deemed unsuitable (Latinopoulos and Kechagia
2015). Areas where wind speeds are above 5 m/s can be
considered suitable (Baban and Parry 2001). The water depth has
an economic implication on the choice wind farm site as it affects
its installation cost (Higgins and Foley 2014; Yamaguchi and
Ishihara 2014). On the other hand, installation in shallow water
can affect the benthic ecology (Mee 2006). The optimum choice
of water depth is hence a trade-off these constraints.

Parameter Suitability Condition
Wind speed | <4.5 m/s: unsuitable
4.5 — 5.4 m/s: moderately suitable
> 5.4 m/s: suitable
Water 0 — 10 m: moderately suitable
depth 10 — 20 m: suitable
> 20 m: unsuitable

Table 2: Criteria used to rank non-excluded areas

3.2 Data sets and geodatabase

Data needed for this study are collected from different sources in
different formats and characteristics. They are pre-processed into
the same spatial reference system and stored in a geodatabase for
use in GIS. Table 3 summarizes the data sets collected and main
characteristics.

parameter layer Geometry | Date
type

Land/water AD_Land Polygon 2012

mask

Submarine Water_lines Line 2012

Cables

Oil and Gas | Pump_rig point 2015

Wells

Oil and Gas | Oil lines line 2012

pipes

Bird Bird_areas polygon 2009

conservation

sites

Environmentally | Protected_areas polygon 2009
protected areas

Maritime Navigation_routes | polygon 2012
navigation

corridor

Wind speed at | Wind_speed raster 2015
50 m

Water depth Bathymetry raster 2010

Table 3: Data sets used in the study
3.3 Creation of exclusion mask
The first stage in the model requires the creation of an exclusion

mask defined by the set of constraints listed in table 1. The mask
is created in GIS according to the diagram in figure 5.
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Figure 5: diagram of area exclusion model
3.4 Creation of suitability maps

Areas that are not excluded by the first stage of the model are
candidates for wind farms. Their suitability is evaluated using the
criteria listed in table 2. The approach adopted in this study is
based on a weighted sum overlay whose inputs are derived from
the wind speed and water depth layers. For the weighted sum
model to run properly, the two inputs need to be reclassified and
ranked using a similar scheme. To be consistent with the set of
criteria defined in table 2, we start by reclassifying and ranking
the wind speed and bathymetry raster input images according to
table 4. Reclassified images from both input will have values
between 1 and 3.

Wind speed (v) Bathymetry (d) ranking
v <4.5m/s d>20m 1
45<=v<=54m/s | 0<d<10m 2
v>54m/s 10<=d<=20m 3

Table 4: ranking of wind speed and bathymetry inputs

The suitability of a location (S) is then calculated from the
reclassified inputs using the weighted sum defined in formula (1).

S = Wying*ranked wind speed + wyepm*ranked water depth (1)

where wyiq is the weight given to the wind speed criterion and
Waepth 1S that given to the water depth criterion.

Given the higher importance of wind in the suitability of a
location for wind farming, we assign a value of 2 to wy,qand 1
t0 Waep- The calculated suitability (S) can then take values
between 3 and 9 as illustrated in table 5.
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Table 5: Suitability values as function of ranked wind speed (v)
and ranked water depth (d)

W

The suitability is then reclassified and ranked between 1 and 3 as
per table 6.

Suitability (S) | Ranking | Condition

3-5 1 Unsuitable

6-7 2 Moderately suitable
8-9 3 Suitable

Table 6: Ranking of the Suitability results

4. RESULTS AND DISCUSSION

The approach presented in section 3 is applied to create the
suitability map for potential locations of wind farm offshore the
Emirate of Abu Dhabi. As detailed earlier, the model is run in
two stages: creation of excluded areas mask and creation of
suitability map.

4.1 Exclusion mask

The model described in figure 5 is used to create the excluded
areas mask shown in figure 6. Areas painted in red are not
suitable and will not be considered in the selection process.
Environmentally protected areas represent the bulk of the
constrained offshore areas followed by oil and gas related
locations.
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Figure 6: Exclusion mask
4.2 Reclassified wind speed map

Wind speed is the primary factor affecting the suitability of a
location for wind energy production. As discussed in the previous
section, annual wind speed is reclassified producing a ranking of
1-3 for use in the suitability model. The result of this
reclassification is shown in figure 7.
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Figure 7: Reclassified annual wind speed

It is shown from figure 7 that winds with average speed of 4.5 —
5.4 m/s dominates the major part of Abu Dhabi’s offshore areas.

4.3 Reclassified water depth map

Water depth is an economically important factor affecting the
suitability of wind farm sites. To serve as input for the suitability
model, it needs to be reclassified and ranked between 1 and 3.
Figure 8 shows the reclassified water depth in the study area.
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Figure 8: Reclassified water depth
4.4 Suitability map

The suitability model described in section 3.4 is run using the
reclassified wind speed and bathymetry inputs to create the
suitability map shown in figure 9. It indicates that only a small
fraction of offshore Abu Dhabi Emirate is suitable for wind
energy. A substantial part of that area is considered moderately
suitable. However, some suitable areas are close to mainland and
to inhabited islands, such as Delma Island, and can be considered
for wind farms to feed these areas.
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Figure 9: Suitability Map
4.5 Environmental Impact

Coral reefs and sea grass/macro-algal beds are two important
ecological habitats in Abu Dhabi waters. Sea grass and macro-
algal beds as nursery and feeding grounds for many marine
species. While coral reefs house a large number of marine
species. Figure 10 depicts the locations of sea grass/macro-algal
beds and coral reefs along with wind farm suitability map. The
figure shows that most of the sea grass is distributed along the
coastline and in protected areas in zones that are unsuitable for
wind energy. Similarly, coral reefs are found away from areas
suitable for building wind farms. Hence, these two important
ecological systems are not expected to be disturbed by potential
wind farms in Abu Dhabi waters.

This contribution has been peer-reviewed.
doi:10.5194/isprsarchives-XLI|-B8-437-2016 440



The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLI-B8, 2016
XXIIl' ISPRS Congress, 12—19 July 2016, Prague, Czech Republic

Coastline

Habitat

d N
Coral Reef ‘

[0 scagrass / macro-algal beds. . ‘ A

Suitability ot @ Q

[ Unsuitable /‘."’: f’,i -

[ Moderatey suiable 75 .'" ‘-:“

£l

[ suitabie I Fﬁ y & /@/q

." :
vV
¥ 9

Figure 9: Suitability map and ecological habitat
5. CONCLUSION

The objectives of this study were to assess the viability of
establishing wind farms offshore the Emirate of Abu Dhabi, UAE
and to identify favourable sites for such farms through mapping
of the offshore obstacles and prohibited areas and to identify
suitable locations for eventual wind farms. GIS was efficient in
assembling and evaluating layers of spatial variables that were
incorporated into a multi-criteria model. The model was
consisted of two stages: an area exclusion stage and an area
suitability ranking stage. Once the excluded areas were
identified, a weighted overlay model was run to classify the
remaining suitable areas and create the final suitability map. The
results identified suitable, less suitable and unsuitable places for
wind farms to be built in offshore of Abu Dhabi Emirate. The
most suitable areas were identified around Delma Island and
North of Jabal Barakh in the Western Region.

Finally, the GIS-based model was very successful in identifying
potential sites for eventual wind farms construction. Although,
most of the suitable areas were found far away from the main
land making it costly to transfer generated electricity to areas of
high demand. It is worth noting that first, some suitable areas are
close to inhabited islands, such as Delma Island, and can be
considered for wind farms to feed these islands. Secondly, there
are those close areas to the western region shoreline (extending
more than 50 km!!) which can serve as potential sites for wind
farm plantation and power generation feeding the mainland.
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