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ABSTRACT  

Winds are more available and powerful in offshore than in land because there are no obstacles to 
reduce power of the wind, besides sound noise, visual damages and the environmental impacts 
are usually minimized in offshore.  
Iran being a country with very long coastlines and having more than 150 installed offshore 
platforms has the potential to develop its offshore wind resource. 
In this paper a brief overview of offshore wind farm is presented. Advantages, different types of 
tower and foundation, main components of the system, engineering aspects such as relation 
between wind speed and extracted power, main points of tower design and also the planning and 
management aspect and needed feasibility study are submitted.  
5 year wind data for Boushehr, Kish, Siri, Aboumousa, Konarak, Chabahar, Anzali and 
Noushahr are analyzed and compared with the minimum wind speed required for wind farms. 
This analyses show that installation of offshore wind farms in The Persian Gulf is strongly 
recommended. Further investigation for wind potential of Oman Sea is needed, as data presented 
in this paper show that the wind speeds are slightly above minimum requirement. For Caspian 
Sea it is not recommended because of low wind speeds which are mostly under the minimum 
requirements for offshore wind farms and high cost of installation due to high depths of water.  
Design of the tower is one of the challenging tasks because the natural frequency of the tower 
must be as far as possible from rotational speed of the rotor, otherwise the tower will start to 
vibrate and if the resonance continues it reinforces the vibration finally causing the structure to 
breakdown. The important parameters for design of the tower are the radius and the wall 
thickness at the base. The influential factors that affect the design parameters are: buckling of the 
shell wall in compression, strength under fatigue loading and stiffness requirements for ‘tuning’ 
the natural frequency. 
Offshore wind farms are usually constructed in shallow waters close to the shore to minimize the 
maintenance and grid connection costs, but some deep water sites are being investigated.  
There are several options for shallow water and deep water wind turbine platforms such as Spar 
Buoy, Gravity Caisson, Steel piling, Jacket, Artificial Island, Pontoon and Multi-pod.  
Typical fixed offshore platforms are recommended for water depths up to 50 metres. For water 
deeper than 60 metres, the most feasible option is a floating wind platform or installation on 
existing petroleum offshore platforms. In order to supply electricity required for offshore 
platforms (living quarters, production platforms,…), the authors propose to install small wind 
turbines over the existing platforms in The Persian Gulf (more than 300 platforms) provided that 
the platforms resistance be verified. 
 
KEYWORDS: Offshore, Wind Farms, Renewable Energy, Merlin Installation Method 
 

1. INTRODUCTION 
1.1.  The Problems Associated With the Conventional Sources of Electricity  

One day sooner or later fossil fuels are going to end, according to most experts. With a 
prediction of 50 years for oil reserves and 400 years for gas reserves left. Also continuous 
growth of oil price makes use of other sources of electricity production more economical. One 
important reason that can be associated to the raising oil prices is the growing demand of 
emerging economies such as India and China.  
Using fossil fuels as the primary source for electricity generation has major harmful 
environmental affects as well, namely global warming and pollution. A recent study at Stanford 
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university shows that for every 1 Celsius degree of global warming there’s is about 20,000 death 
world wide in a year [1] and it is believed that mass consumption of fossil fuels is one of the 
contributors to global warming. Excess Carbon Dioxide, as a toxic gas, is very harmful and 
causes variety of disease, especially for heart and lungs.  
Although nuclear energy helps to decrease carbon emission, still is not a clean resource, because 
there has been no convincing solution as to how to dispose the nuclear waste.  
Hydroelectric can be considered a reasonable solution for some parts of the world. However the 
damages caused by environmental changes are considerable and there are limitations for that due 
to the lack of water in some countries. 
Therefore as the demand for electricity grows so do concerns about how to supply it with less 
harm and more availability.  The solution to this problem is to diversify resources through a 
process called “diversification of the energy portfolio”. This can be achieved by utilizing 
renewable energies such as: solar, wind, geothermal, biomass, tidal, wave and so on. The results 
of recent researches indicate that renewable resources can provide us abundant and inexhaustible 
energy much more than today and future demands. 
 
1.1.  The Status of Wind Power 

Globally installed capacity of wind turbines reached to approximately 94 GW in 2007 [2]. The 
unit cost of electricity produced by wind farms competes equally with traditional fossil fuel 
power plants. Actually if we compare more them both wind is more economical, when all 
external (social) costs such as pollutions and health side effects are taken into account [3].  
In 2007, Iran increased its wind generated electricity to 67 MW. Currently there are two utility 
scale projects under construction in Iran, Binalood and Manjil with capacities of 7 MW and 55 
MW. As Global Wind Energy Council stresses; despite of high potential, there are no current 
projects or researches conduced to initiate development of offshore wind farms in The Persian 
Gulf [1], Caspian Sea and Oman Sea. 
 
2. THE OFFSHORE WIND FARMS  
2.1. Why Wind Energy?  

Wind is one of the best resources of renewable energy being used. The infrastructure for utilizing 
the wind to generate electricity is the least expansive among renewable.  
According to a research done by Department of Energy in the US, world wind power has the 
potential of supplying more than ten times global energy needs [4]. 
Therefore every year more and more efficient and less expensive turbines are introduced to the 
global market. The latest commercially available wind turbine has a rotor blade length of 126 
meters and is expected to produce 7+ MW of electricity, enough to power 5000 average 
European homes.  It has cut-in wind speed of 2.5 m/s and cut-out wind speed of 28-34 m/s. 
At the time of this writing wind turbines are capable of producing electricity at 4 – 9 cents/kWh 
in the Class 4 wind (5.8 m/s at a height of 10 m) regimes that are broadly available across the 
offshore waters of Iran. 
 
2.2. Why Offshore?  

Installing wind turbines off shore has a number of advantages compared to onshore 
development.  
Firstly the weather model of an offshore wind indicates a sharp increase in wind speed with 
distance to shore. The output power of a wind turbine increases by the power three of the wind 
speed, i.e. 26% increasing of wind speed causes 100% more output energy. Therefore it is 
technically and financially more efficient to use offshore wind resources. Figure 1 [5] shows the 
typical wind speed changes and the resulting energy yield improvement with distance from the 
shore. 
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Figure 1. Energy yield improvement with distance from the shore in a 3 MW turbine at 80m hub height 

 
Secondly visual and sound impacts of offshore wind farms are minimized. Whereas onshore 
wind farm developers have this to cope with. Because onshore wind farms are usually located on 
flat lands of country sides or hill tops, where wind is the strongest. They damage sight views and 
the steady noise can annoy the neighbour. Many community oppositions are against wind farms 
due to these reasons.  
Sizes of wind turbine towers and blades are typically over 70 and more than 40 meters 
respectively. This limits their usage in urban areas and can cause conflict with other interests, 
such as distraction of electromagnetic TV, Radio and Cell phone waves. These interruptions are 
less likely to occur offshore. 
Onshore difficulties in transportation of large components through narrow roads and sharp turns, 
i.e. mountainous roads, can also be a barrier. Offshore locations, however, benefit from high 
capacity of marine shipping and handling machinery, which exceeds the requirements for multi-
megawatt wind turbines. 
These advantages are attracting wind farm developers and investors to consider offshore options 
as their choices in many cases. 
 
3. MAIN COMPONENTS OF THE SYSTEM 

Almost all the wind turbines that produce electricity consist of a rotor with blades that turn on a 
horizontal shaft; the latter is connected to a mechanical transmission assembly or gearbox and 
finally to an electrical generator, both of which are located in the nacelle mounted at the top of 
the mast.  
The main components of offshore wind farm are composed of turbine, tower, rotor, blades, 
nacelle, the wind farm sea base station, foundation and cables. 
 
4. ENGINEERING ASPECT 

Wind turbines generate electricity by harnessing the natural force of the wind in order to power 
an electrical generator.  They convert the kinetic energy in the wind into mechanical power. A 
generator converts this mechanical power into electricity. 
In this section the technical issues of wind farms are discussed and technical specifications are 
briefly explained. 
 
4.1. Power of the Wind  

The Electricity produced in a wind turbine is a function of several parameters; The main 
elements are: Air density, Rotor-blade-sweep area, Wind velocity, Time and a conversion 
efficiency factor. 
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Figure 2 Schematic view of a wind turbine 

 
Betz’ law shows the maximum energy that can be extracted from a fluid at certain speed and that 
it is not possible to capture all the power. In case of wind turbines it means that not all the power 
in upstream wind can be captured as the downwind continues to move with a lower speed.  
It is common to show Power extracted from the wind as the following: 

            (1) 

           (2) 

Where: 
: mechanical power extracted by the rotor, i.e., the turbine output power, 

 : air density (kg/m3), which is 1225 (kg/m3) at sea level and at 20 °C 
A: area swept by the rotor blades (A =  r2, in m2), 

: upstream wind velocity at the entrance of the rotor blades, (m/s) 
: downstream wind velocity at the exit of the rotor blades. 

The factor is called the power coefficient of the rotor or the rotor efficiency and is the fraction 

of the upstream wind power that is extracted by the rotor blades and fed to the electrical 

generator. Betz’s mathematically proved that the maximum value of  to be  or 0.59 and that 

occurs when  is 1/3. The practical maximum for two-blade turbines is from 0.4 to 0.5 and 
0.2 to 0.4 for multi-blade modern turbines. 
As a rule of thumb it is possible to state that maximum power that can be extracted from a site is 
calculated by the below simple formula, assuming the maximum  is 0.5: 

             (3) 

 

 
4.2. Tower Design 

The tower is the supporting structure for the turbine. It is typically made of rolled tubular steel 
and is built and shipped in sections because of its size and weight. Common tubular towers 
incorporate an elevator within the hollow structure to provide maintenance access. Utility-scale 
towers range in height from 60-100 m and weigh between 200-400 tons.  
 
4.2.1. Natural Frequency 

One of the challenges in designing a wind turbine tower is the natural frequency of the tower 
which must be as far as possible from rotational speed of the rotor. The tower must be designed 
to block the worst effects due to coincidence with the wave crossing period. The lower wave 
periods provoke the most excitation, this equates to the natural frequency of the pile and drag 
forces applied to the immersed toe. 
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Figure 3. Scale of wind turbine tower and blades 

 
Equation 4 is a simple model developed by Jan van der Tempel and David-Pieter Molenaar ; it 
can be used to calculate the first natural frequency of the tower if it is modelled as a flagpole 
with top mass M, the nacelle [6]. 

          (4) 

where:   
: first natural frequency   M: Top mass 

µ: tower mass per meter   L: Tower height 
EI: tower bending stiffness 
and with:      

           (5) 

µ = Dt           (6) 

            (7) 

we can find: 

         (8) 

where: t: tower wall thickness          : density of steel 
D: tower average diameter 

The top diameter of tower is determined by the yaw system bearing and the wall thickness at the 
intermediate level is usually calculated to be about one hundredth of the local radius. 
Other influential factors that affect the design parameters are: buckling of the shell wall in 
compression, strength under fatigue loading and stiffness requirements for ‘tuning’ the natural 
frequency. 
 
4.3. Wind Power Density (Wind Class) 

To simplify the comparison of the wind resource at different sites, wind power density has been 
standardized in Wind Power Classes. These classes are based on wind speeds taken at specific 
heights, generally using sea level air densities.  
Table 1 displays the wind speeds associated with Wind Power Classes at 50m, assuming sea 
level air density. Winds in classes 4 and higher considered being ideal for utility scale wind 
turbines. There is ongoing research to make viable utility wind turbines at moderate speeds. As a 
rule of thumb it can be said that wind farms can be practical where class 2 or higher wind 
conditions exist most of the time. 
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Table 1 Wind Class 

10 m height 50 m height Wind 

Class Wind speed m/s Wind power   Wind speed m/s Wind power  

1 0-5.1 0-160 0-5.6 0-200 

2 5.1-5.9 160-240 5.6-6.4 200-300 

3 5.9-6.5 240-320 6.4-7.0 300-400 

4 6.5-7.0 320-400 7.0-7.5 400-500 

5 7.0-7.4 400-480 7.5-8.0 500-600 

6 7.4-8.2 480-640 8.0-8.8 600-800 

7 8.2-11.0 640-1600 8.8-11.9 800-2000 

 
4.4. Frequency (Weibull/Rayleigh) Distribution 

A major problem in estimating the annual output of a wind turbine is the time variation, meaning 
wind velocity over an annual period. Long term wind statistics for proposed wind farm sites are 
generally compiled as a Weibull probability function to estimate the mean number of hours per 
year at each velocity interval. The data are plotted in the form of a Raleigh wind speed frequency 
distribution.  
 
4.5. Foundation (Platform) Options 

Offshore wind farms are usually constructed in shallow waters close to the shore, to minimize 
the maintenance and grid connection costs. There are some deep water sites are being 
investigated at present.  
The selection of foundation and platform options requires detailed study of site specific data. 
There are two fundamentally different models for offshore wind turbine support structures: 
floated and fixed. Offshore turbines fixed to the sea floor have been constructed, but only in 
depths up to 44metres. For water deeper than 60 metres, the most feasible option is a floating 
wind turbine. These two include several options for shallow and deep water conditions such as 
spar buoy, gravity caisson, steel piling, jacket, artificial island, pontoon and multi-pod. The most 
common support structures types are mono-pile, multi-pile, suction bucket (caisson) and gravity 
base [7]. Figure 4 shows some of fixed foundation options used commonly. 

 
Figure 4. Commonly used fixed foundation options 

 
4.5.1. Mono-Pile 

This type of support structured is the most regular. It can be installed in one or two days and the 
cost is low. Because of the circular cross section shape of the tower, the resistance against all 
directions is optimal. Strong and stiff tower structures are required because of the very heavy 
loads and minimum natural frequency requirement. The large tower dimensions can cause 
conflict with transportation limitations onshore. A diameter of 4.3m and 50 to 60 tons for tower 
sections are usually the upper limit that can be transported to most locations inland [8]. Offshore 
wind farms use high capacity marine equipments which mean less restriction are imposed to the 
size and weight of the structures. The limitation of Monopile configuration is the soil condition 
and the depth it used for. The maximum water depth that allows Monopile foundations to be 
used is between 10 m to 15 m, according to soil condition. Figure 5 shows a typical Monopile 
foundation. Mono-pile acts as an extension of the tower down into the seabed. If a site has little 
or no overburden, a rock socket is drilled in the bedrock to the final elevation and the mono-pile 
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is grouted in position. When the overburden consists of soils i.e. sands, gravels, clays, the pile 
can be driven to depth using a variety of means. This can be a hammer system using diesel or 
hydraulic power; or vibrator or oscillator [9]. 

 
Figure 5. A Mono-pile foundation  

4.5.2. Multi-Pod (Tripod Pile) 

A tripod foundation was first initiated in 1996 and is similar to minor oil and gas platforms [10]. 
This design seems to be cheaper for deep water applications. The concept consists of a steel 
space frame transferring the sectional forces from the tower to primarily bending moments, 
tension and compression loads in three hollow steel piles driven into the seabed. 
 

 
 

Figure 6. Tripod Foundation 

 
Each leg frame consists of a pile, a pile sleeve and braces. The legs are interconnected above the 
seabed by three mud braces giving the tripod its characteristic triangular base. An optimal pile 
may be a 36” (OD 914 mm) hollow steel pile with a wall thickness varying from 16 to 43 mm 
depending on location and the position of the pile being inclined [10].  
 
4.5.3. Gravity Base  

The gravity caisson foundations are built onshore near the proposed site, floated and carried to 
their designated position. They are then placed and weighted down with ballast (sand and gravel) 
to achieve their full design weight [9].  
 
4.5.4. Installed Offshore Platforms 

In order to supply electricity required for offshore platforms (living quarters, production 
platforms,…), the authors propose to install small wind turbines over the existing platforms in 
The Persian Gulf (more than 300 platforms) [11] provided that the platforms resistance be 
verified. 
 
5. THE MERLIN INSTALLATION SYSTEM  

The traditional way, is to install two blades to the hub, the hub to the nacelle onshore and then 
transport them to the site and install them on the tower.  After the installation on tower the third 
blade is installed. 
Recently a new concept called the Merlin installation system has been developed and is being 
used. The Merlin installation system reduces cost, risk and saves offshore installation time. 
The overall concept is to fully assemble the turbines at the shore base into a purpose built cradle. 
The complete turbine is then lifted out to a bespoke installation barge for transportation to the 
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offshore site where it is rotated to the vertical position and connected to the preinstalled 
foundation in a single operation. Stages of Merlin installation system are shown in figure 7. 
 

  
Stage 1. Fully assembled turbine in the support 
cradle at the shore base ready for lifting to barge 

 
 

 
Stage 3. Installation barge being towed to site 

 
 

 
Stage 5. Turbine rotated to the vertical and 
aligned above the foundation 

 
 
 
 

 

 
Stage 2. Fully assembled turbine and support 
cradle loaded to the installation barge and locked  

 
 

 
Stage 4. Installation barge anchored on site 

 
 

 
Stage 6. Turbine lowered and aligned within the 
foundation, clamping/grouting taking place. 

Figure 7. Stages of the Merlin Installation System 

 
6. PROJECT PLANNING AND MANAGEMENT ASPECT 

During Project Planning of an Offshore Wind farm, the Project Manager, through regular 
communication with the Customer representatives, refines the Project Scope to clearly define the 
content of the deliverables to be produced during Project Execution. This definition includes a 
clear description of what will and will not be included in each deliverable. 
The following issues must be included in scope statement of offshore wind farms: 
Project description  
Capacity of the project 
Type of the turbines 
Number and capacities of wind turbines  
Type of foundation 
Grid connection cables 
Subsea export cables 
Inter-array cables 

Offshore and onshore substations and their 
electrical equipments 
Meteorological masts 
SCADA building and equipments 
Onshore operating and maintenance base 
Total estimated cost of the project 
Annual electricity output 
Site Area 
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Site features: distance from the shore, wind 
speed, water depth, soil conditions 
Available nearby ports 
Wind farm layout 

Other wind farm features 
Location of the site or potential sites  
Summary of environmental impact report 

 
6.1. Feasibility Study 

One of the first steps necessary to take for planning a wind farm is feasibility studies. Several 
potential wind farm sites are investigated based on historical measurements and data on wind 
conditions. Then the selection narrows down to few best sites, which require detailed study of 
wind conditions using measuring masts for extended period of time, typically 6 months to 1 year. 
After the raw data are collected from the selected sites a number of mathematical tools and 
models are used to map the characteristics of the wind such as annually, monthly and daily 
average strength and direction. Also frequency distribution over the range of the minimum and 
the maximum wind speeds are modeled. The main objective of the Feasibility study is to ensure 
that enough wind power exists on the site, and is it environmentally, legally, socially, technically 
and economically viable to build offshore wind farm at the selected location or not?  
Other site conditions must also be carefully surveyed, such as: Geotechnical, Geophysical, 
Metocean. 
Rigid environmental regulations are often applied to offshore projects. The Client must provide a 
detailed environmental impact assessment report to legal authorities and supervising bodies. The 
study includes impact of the project on fishes, sea mammals, sea plants, fishery, tourism and so 
on. Visual impacts and noise study are also among very important subjects of environmental 
impact studies. Usually permits from ministry of Energy, local municipality, military and 
Environmental Organization is required.  
 
7. IRAN’S OFFSHORE WIND POTENTIAL STUDY 

The first step to assess wind resources is to examine the historical wind data for identifying 
potential wind farms. In this paper 5 year wind data [12] for selected points close to Iran’s 
shorelines in Caspian Sea, The Persian Gulf and Oman Sea are collected. In this section these 
data are analyzed. These data are available for lower wind, normally 10m altitude, so they are 
extrapolated to 50m using existing methods. Sample of these data for selected locations are 
presented in Tables 2 and 3. In these tables average wind speed for years 1999 to 2003, 
prevailing wind speeds and duration percentages are presented. It is to be noted that these speeds 
are for onshore meteorological stations, and the actual offshore wind speeds are 10% to 30% 
higher. 
 
7.1. The Persian Gulf 

The chosen locations in The Persian Gulf are: Boushehr, Kish, Siri and Aboumousa. Generally 
speaking, the chosen locations indicate that there is offshore wind potential to be explored in this 
region. For most of the months the average wind speed is more than 5 m/s, which is enough to 
run commercial wind turbines.  
Manjil is famous of having high speed winds. However comparing Manjil with the other selected 
locations we observe that only in 5 months of the year Manjil has higher speeds, and during the 
other periods the wind speed averages are comparable with sites in The Persian Gulf, even 
sometimes has lower speeds.   
 
7.2. Oman Sea 

Chabahar and Konarak are chosen along the Oman Sea shoreline. The average wind speeds at 
these locations show a moderate probability for finding reasonable wind resource in Oman Sea.  
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7.3. Caspian Sea 

The locations selected along Caspian Sea shorelines are: Anzali Port and Noushahr. Both of 
these locations have average wind speeds of about 3.5 m/s which is below minimum 
requirement. Even by assuming that the speeds would increase 1 m/s at 5 km off shore, the 
averages only would rich the minimum required for current wind turbines. It is also important to 
notice that because of high water depths in Caspian Sea, it is too costly to construct an offshore 
wind farm.  
 

Table 2. Average 5 year wind speed for some The Persian Gulf onshore locations 

  Kish Siri Bandar abbas Aboumousa Boushehr 

` 
 

Ave.  
50m 
(m/s) 

Prev. 
50m 
(m/s) 

prev. 
% 

Ave.  
50m 
(m/s) 

Prev. 
50m 

prev. 
% 

Ave.  
50m 
(m/s) 

Prev. 
50m 
(m/s) 

prev. 
% 

Ave.  
50m 
(m/s) 

Prev. 
50m 
(m/s) 

prev. 
% 

Ave.  
50m 
(m/s) 

Prev. 
50m 
(m/s) 

prev. 
% 

JAN 5.7 7.3 27% 5.8 7.2 26% 2.8 3.2 19% 4.3 6.5 22% 6.1 6.1 27% 

FEB 6.7 8.3 32% 6.3 8.3 26% 3.3 5.4 22% 5.2 6.9 27% 6.2 6.2 30% 

MAR 7.1 8.3 40% 6.3 7.7 31% 3.5 5.9 23% 5.1 6.7 30% 6.3 6.7 27% 

APR 7.0 8.0 48% 6.2 7.8 31% 3.8 5.4 29% 4.7 6.2 32% 5.7 6.7 27% 

MAY 6.8 8.2 46% 5.7 7.5 31% 3.9 6.0 35% 4.4 5.8 30% 6.2 6.8 35% 

JUN 5.5 6.5 42% 5.1 19.1 32% 4.0 5.9 39% 3.6 4.7 31% 5.5 6.5 31% 

JUL 5.7 6.1 32% 5.3 6.1 22% 4.6 6.1 44% 3.8 4.9 18% 5.3 5.7 23% 

AUG 5.4 6.1 28% 5.1 6.3 30% 4.6 6.3 43% 3.7 5.1 19% 4.8 6.2 17% 

SEP 5.3 5.9 34% 4.7 6.4 21% 4.2 6.2 40% 3.5 5.0 19% 4.9 5.7 20% 

OCT 4.7 5.9 34% 4.3 6.0 23% 3.3 5.0 24% 3.0 4.5 21% 4.5 5.4 19% 

NOV 5.8 7.1 33% 5.8 7.4 24% 3.4 4.0 23% 4.8 6.8 23% 5.4 5.8 25% 

DEC 5.2 6.4 28% 5.7 7.0 25% 3.0 3.3 22% 3.8 6.2 23% 5.4 5.8 24% 

Min 4.2   3.5   2.0   2.1   3.2   

Max 8.4   7.2   5.7   6.1   7.7   

A
v
er

a
g
e 

W
in

d
 S

p
ee

d
 (

1
9
9
9
 –

 2
0
0
3
) 

Ave. 5.9   5.5   3.7   4.2   5.5   

 
Table 3. Average 5 year wind speed for some onshore locations in Oman and Caspian Seas 

  Chabahar Konarak  Anzali Port Noushahr Manjil 

  

Ave.  
50m 
(m/s) 

Prev. 
50m 
(m/s) 

prev. 
% 

Ave.  
50m 
(m/s) 

Prev. 
50m 
(m/s) 

prev. 
% 

Ave.  
50m 
(m/s) 

Prev. 
50m 
(m/s) 

prev. 
% 

Ave.  
50m 
(m/s) 

Prev. 
50m 
(m/s) 

prev. 
% 

Ave.  
50m 
(m/s) 

Prev. 
50m 
(m/s) 

prev. 
% 

JAN 5.3 5.6 20% 3.2 7.6 13% 3.3 6.4 28% 3.0 6.1 18% 4.4 11.9 20.3% 

FEB 5.1 6.1 23% 3.6 7.5 17% 2.9 5.7 19% 3.2 6.0 18% 4.9 13.4 22.1% 

MAR 5.2 6.7 26% 4.2 7.8 20% 3.3 6.1 20% 3.7 5.7 20% 7.3 15.5 37.8% 

APR 4.5 5.9 24% 4.5 8.0 24% 2.9 4.5 17% 3.6 6.2 20% 7.8 14.8 40.5% 

MAY 4.6 5.9 21% 5.1 7.9 22% 2.8 4.9 19% 3.6 5.3 16% 10.8 17.3 54.5% 

JUN 5.4 6.4 32% 5.5 8.0 26% 2.7 4.9 18% 3.7 4.2 17% 14.0 18.9 66.5% 

JUL 5.9 6.7 42% 5.5 7.6 34% 2.5 4.7 16% 3.1 3.7 16% 13.8 17.5 67.4% 

AUG 5.8 6.5 37% 4.9 7.2 32% 3.0 4.9 17% 2.8 4.7 15% 12.9 17.5 63.9% 

SEP 5.0 5.9 33% 4.5 7.2 26% 2.8 6.0 14% 3.0 3.5 18% 11.0 17.8 55.4% 

OCT 3.6 4.7 21% 3.2 7.1 18% 3.1 7.1 15% 3.2 4.5 18% 6.8 15.2 37.7% 

NOV 4.3 4.9 18% 2.9 6.9 14% 3.4 6.2 23% 2.8 4.9 16% 4.1 12.2 24.0% 

DEC 4.0 5.1 19% 1.9 6.4 10% 3.6 6.5 23% 2.7 5.9 16% 3.3 12.1 13.6% 

Min 2.5   1.3   1.4   2.2   2.5 9.0 10.9% 

Max 7.7   6.6   5.2   4.2   14.8 20.1 72.2% 

A
v
er

a
g
e 

W
in

d
 S

p
ee

d
 (

1
9
9
9
 –

 2
0
0
3
) 

Ave. 4.9   4.1   3.0   3.2   8.4 15.3 42.0% 
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8. CONCLUSION 

In this paper offshore wind farms are submitted from Engineering and Project Management point 
of view.  
A recently developed method for installation of offshore wind turbines called the Merlin 
Installation System is explained. This system reduces the cost of the project by eliminating major 
offshore work and also saves time. Conventional installation procedures take about 56 hours. By 
using the Merlin system the time reduced to about 24 hours. 
Applying The Merlin Installation Method which needs a shorter offshore installation duration 
comparing with the traditional methods is highly recommended. 
Analyzing wind data of a 5 year return period for Boushehr, Kish, Siri, Aboumousa, Konarak, 
Chabahar, Anzali and Noushahr by authors shows that installation of offshore wind farms in The 
Persian Gulf is strongly recommended. Further investigation for wind potential of Oman Sea is 
needed, as data presented in this paper show that the wind speeds are slightly above minimum 
requirement. For Caspian Sea it is not recommended because of low wind speeds which are 
mostly under the minimum requirements for offshore wind farms and high cost of installation 
due to high depths of water.  
Comparing Manjil with the selected locations given for The Persian Gulf, indicates that only in 5 
months of the year Manjil has higher speeds, and during the other periods the wind speed 
averages are comparable, even sometimes lower.   
Typical fixed offshore platforms are recommended for water depths up to 50 metres. The 
maximum water depth that allows Monopile foundations to be used is between 10 m to 15 m, 
according to soil condition. Tripod and Caisson type foundations are recommended for water 
depths between 15 m to 50 m. For water deeper than 60 metres, the most feasible option is a 
floating wind platform or installation on existing petroleum offshore platforms. In order to 
supply electricity required for offshore platforms (living quarters, production platforms,…), the 
authors propose to install small wind turbines over the existing platforms in The Persian Gulf 
(more than 300 platforms) provided that the platforms resistance to be verified. 
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