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I. Abstract 

In this project we attempted to perform an engineering and business study of a system of 

energy storage. This system uses seawater that is pumped using wind power and is used it to 

move a hydraulic turbine to produce electricity. This is not a system that is usually studied even 

though it could be very profitable because the resources used are renewable and practically 

inexhaustible. After doing a lot of research, this project followed the line of work represented in 

the points below: 

 Determining the amount of electricity desired 

 Determining the amount of water that needs to be pumped 

 Sizing the container in which water will be stored 

 Determining the power  and choosing the pump that will extract the water 

 Determining the wind turbines based on the electricity produced that will power the 

pumps 

 Determining the power of the hydraulic turbine and its type 

The installation has a power output of 178 KWh, with a hydraulic pump that needs 44 KW of 

power from a wind turbine, in addition to a hydraulic turbine with a power generator that will 

produce exactly the amount needed from the system. The total cost of the project is calculated to 

be 1 664 584 MAD andthe profit that can be generated from it is 2 388 568 MAD
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II. Introduction 

Dependency on external sources for the supply of energy urged Morocco to exploit its 

wide potential of renewable energies and stress about the importance of developing this sector as 

it is considered the main engine of economic and social progress. In fact, Morocco depends on 

imported energy up to 95% since it is deprived of oil and gas resources, and unlike other North 

African countries it has considerably small resources in terms of fossil fuel. Figure 1 below 

shows the percentages of the energy consumption in Morocco and it is clearly alarming that 

76.4% of its energy consumption is for Petroleum. Furthermore, the demand on electricity 

increased dramatically throughout the years as it is shown in Figure 2, especially since Morocco 

implemented projects for the rural electrification and also due to the economic and demographic 

growth. Bearing in mind that fossil fuel energies such as oil are very volatile, Morocco had to 

start the deployment of renewable energy to increase the diversity of energy resources and secure 

a future economic stability. Indeed, renewable energy resources are by definition inexhaustible 

and since Morocco is very resourceful in terms of renewable energies, it is the perfect alternative 

to become self-energy producing and reduce its costs significantly.  

 

Figure 1:Energy Consumption of Morocco 

 

Figure 1: Energy Consumption of Morocco 

(Source: International Energy Statistics 2012) 

Figure 2: Electricity consumption of Morocco in 

Billons of KWh (Source: World Ban Data,2014) 
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Morocco launched in 2009 new strategies to increase the energy local supply of energy such as 

solar and wind energy. Actually, its average yearly solar irradiation level reaches 2300KWh/m²( 

Reegle, 2014) and its estimated wind power potential is 25 000 MW which can provide 

electricity for more than 6 million houses in Morocco. As a consequence of the growing 

importance of exploiting the Moroccan energy resources, billions of dirhamwere invested to 

finance the wind, solar, hydroelectric power generation capacity expansions. As a matter of fact, 

the kingdom has set an objective that states that42 % of the production of electricity will be 

provided by renewable energies by 2020 as it is shown in Figure3.  

 

Figure 3 :Current installed power capacity in 2012 and renewable power targets for 2020 in Morocco(Source: Rcreee, 2013) 

 Several actions were taken to endorse the exploitation of renewable energies such as 

establishing laws and regulations to legislate the energy expansion for electricity production 

(mainly the 13-09 law allowing private producers who use renewable energy sources to produce 

and export electricity and the 58-15 law that adjusts the 13-09 by increasing the threshold from 

12 MW to 30 Mw for hydro-power ,the possible selling up to 20% of the surplus of the annual 

production of electricity and opening access to law voltage distribution network), creation of 
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entities and institutions in charge of the management, supervision and promotion of renewable 

energy projects, notably ADEREE (the Agency for the Development of Renewable Energies and 

Energy Efficiency), MASEN (Morocan Agency for Solar Energy) and SIE (Société 

d’investissements Energétiques),the actual implementation of projects and providing financial 

investments to build the facilities. Today, renewable energies are included in various economic 

and social programs in the country thanks to various solar energy and wind and hydro projects 

such as concentrated solar power in the area of Ouarzazate, pumped hydroelectric energy storage 

(PHES) in Afourar, and energy recovery of waste and pumping of water. 

  Morocco’s plans for the future in terms of energy production are very promising. A 

continuous and efficient research will lead to a country one hundred percent renewable energy. 

Its vast energy resources can help achieving tremendous results. Actually, since Morocco is 

strategically situated along the Atlantic Coast, its coastline reaches 3500 Km where the wind 

speed reaches up to 11 m/s which is considered to be a very high speed in comparison with other 

countries (3Tier, 2014). So the potential of the coastline is wide and can provide huge amounts 

of energy. Actually, this is what prompted the idea of my Capstone project. Combining between 

the wind potential and the inexhaustible seawater can subsist to the needs of Morocco in terms of 

energy, especially electricity, considerably and maybe perpetually. Morocco has significant wind 

potential in the North and South particularly Essaouira, Tangier, Tetouan and with annual speeds 

averages between 9.5 and 11 m / s at 40 meters, Tarfaya, Taza and Dakhla with annual average 

speeds between 7.5 m / s and 9.5 m / s at 40 meters. Figure 4 below represents a wind map that 

shows different cities in Morocco and their range of wind speed. In order to benefit from this 

huge potential Morocco has already wind farms that are operational such as El Koudia EL baida-

Tetouan project of 50 MW, 60 MW wind farm in CAP SIM ( Essaouira), tangier’s wind farm of 

140 MW and is intending on building much more by 2030.  
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Figure 4: Wind Map of Morocco( ENZILI,2015) 

 

Wind energy may be exploited in two forms: 

 Mechanical Wind Energy: 

The wind is air in motion, and like any moving body one can associate it with kinetic energy 

which is a function of the mass and the velocity of the volume of air (EK= ½ mv², where m is the 

mass of the air, and v the is instantaneous wind velocity). This kinetic energy is converted into 

mechanical energy that is used to move for instance a sailboat or a sand yacht, to pump water 

(pumping turbines to irrigate or water livestock and provide rural populations with drinking 

water) or to rotate a millstone as shown in figure 5 below. 
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 Electric Wind Energy: 

The electrical conversion of the wind force is the production of electricity through a machine 

called wind turbine ,that is shown in figure 5 below, whose power varies from a few Watts to 6 

MW per machine or even more.Among its applications exist domestic and audio-visual lighting, 

refrigeration and supply of various electrical appliances, power generation in connection with the 

power grid (wind farms) and pumping water.  

 

Figure 5: Wind turbine and windmills from left to right (Source: http://www.sustainable-energybih.org/wind?lang=en) 

 

The last application of electric wind energy mentioned is pumping water and it is actually the 

purpose behind using wind energy in my project. The idea is that wind energy turbines would 

power hydraulic pumps that would extract water from the sea and thereafter store it in a 

cylindrical container. This water turns a hydraulic turbine that will convert the kinetic and 

potential energy into mechanical work. This latter is converted into electricity by a hydroelectric 

generator. After mentioning the devices needed for my project, the actual functioning of all those 

devices will be explained in the following part.  
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III. System Components 

1. Wind turbine 

A wind turbine is a large structure with large spinning blades that are usually three. These 

blades are connected to an electromagnetic generator that generates electricity when the wind 

causes the blades to spin. Each blade has a large number of airfoil cross-sections consisting of 

different sizes and shapes from the root to tip. The simple airfoil technology makes the wind 

turbine turn which means that a lift force is produced when a fluid moves over an airfoil. This 

way the wind turbine achieves the basic rotation. The moving wind turbine experiences the wind 

relatively and its velocity is equal to the velocity of the wind minus the velocity of the blade. 

Therefore the wind turbine blade is positioned in a tilted manner in order to align with the 

relative wind speed. As the blade velocity increases to the tip, the relative speed becomes more 

inclined towards the tip which means that a continuous twist is given to the blade from the root 

to tip. The blades are attached to the wind turbine through a hub or a rotor which is coupled to 

the low-speed shaft. This latter spins at the same speed of the blades which is relatively small. To 

produce electricity, it is necessary to increase the turning speed of the low-speed shaft, and that is 

the mission of the gear box. It increases the speed over a 100 times and transfers it to high-speed 

shaft. This latter is connected to a generator that converts the kinetic energy into electricity 

which is conducted through cables inside the mast to a converter that transforms it to alternating 

current. A transformer raises the voltage for transport inside the wind farm. From each turbine 

alternating current is sent to the substation through underground cables.  
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Figure 6 : Wind turbine design ( Source: http://www.alternative-energy-tutorials.com/wind-energy/wind-turbine-design.html) 

 

· Actually there are two types of wind turbines: 

 Horizontal Axis Wind turbines  

Their rotating axis is horizontal and parallel to the ground. At the base, there is a mast on which 

the nacelle is placed. This nacelle contains the generator as well as the transmission system, that 

is to say the mechanical coupling elements between the rotor and the generator. It converts 

mechanical energy into electrical energy as stated above. There are two types of horizontal axis 

wind turbines: upwind wind turbines and downwind wind turbines. For the upwind wind 

turbines, the wind blows directly on the blades of the wind turbine. This type of configuration 

requires rigid blades that are able to withstand the wind because they are more exposed. The 

majority of large wind turbines whose power exceeds 1000kW operate with this principle. They 

dominate the majority of the wind industry. For downwind turbines, the wind blows on the rear 

of the blades. This configuration is more commonly used for small home wind turbines with 

blades that are less robust than those of large industrial wind turbines. 
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Figure7 : Horizontal Wind turbine (Source :http://science.howstuffworks.com/environmental/green-science/wind-power2.htm) 

 

 Vertical axis wind turbines 

Their rotating axis is vertical and perpendicular to the ground. They can operate with lower wind 

speeds which allow them to be more frequently exploited. It requires less space than a horizontal 

wind turbine. It therefore adapts better to buildings. It can work in any direction of the wind. On 

the other hand, it produces less electricity than the horizontal wind turbine. Two types of vertical 

axis wind turbines: Darrieus and Savonius as shown in Figure 8 and 9 below. 
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. 

 

 

2. Pumps 

 A pump is a fluid machine that adds energy to a liquid. Basically, pumps receive energy 

and transfer most of it to the liquid via a rotating shaft and this is why they are considered energy 

absorbing devices and turbo machines.  This fluid machine is classified as either positive-

displacement pump or dynamic pump. In positive-displacement pumps, energy transfer to the 

fluid (that is directed into a closed volume) is made by movement of the boundary of the closed 

volume, making the volume contract, thus squeezing the liquid out. The human heart is a good 

example of positive-displacement pump because it is formed with one-way valves that open to 

allow the blood to enter while the heart chambers expand and other one way valves that open as 

blood is pressed out of those chambers when they contract. In dynamic pumps, there is no closed 

volume but rather rotating blades called impeller blades that supply energy to the liquid.  

Figure 8:  Darrieus Vertical Wind turbine 

(Source:http://science.howstuffworks.com/envir

onmental/green-science/wind-power2.htm 

Figure 9:  Savonius Vertical Wind turbine 

(Source:http://www.archiexpo.com/prod/windside/p

roduct-88530-959470.html 
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Fundamental parameters characterize the performance of a pump, mainly the mass flow rate or 

volume flow rate and the net head.  The volume flow rate also called capacity is equal to the 

mass rate of the fluid density (�̇� =
�̇�

𝜌

̇
).  On the other hand, the net head which is a length is 

defined as the change in Bernoulli Head between the inlet and the outlet of the pump and the 

following equation is used to calculate it: 

𝐻 = (
𝑃𝑜𝑢𝑡

𝜌 ∗ 𝑔
+

𝑉𝑜𝑢𝑡2

2 ∗ 𝑔
+ 𝑧𝑜𝑢𝑡) − (

𝑃𝑖𝑛

𝜌 ∗ 𝑔
+

𝑉𝑖𝑛2

2 ∗ 𝑔
+ 𝑧𝑖𝑛) 

Where Pout and Pin are the pressures at the outlet and inlet respectively in Pascal, Vout and Vin 

are the fluid velocity at the outlet and inlet respectively  in m²/s and zout and zin are the 

elevations at the outlet and inlet respectively in meters(m). 

 

 

Figure 10: Water pump.                                                                                    

 

Figure 11:  Water pump (Source: Fuild mechanics: 

Fundamentals and applications Chapter 14) 
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3. Hydraulic turbines 

Hydraulic turbines convert freely mechanical energy from water sources into useful 

mechanical work through a rotation shaft. The rotating part is called the runner which includes a 

row of blades fitted to it. Basically, turbines extract energy from the fluid and transfer most of 

the energy to the rotating shaft and this why they are considered energy-producing devices. 

Flowing water moves through the hydraulic turbine, runs in the blades and makes the shaft 

rotate. The velocity and pressure of the water decrease which induces torque and thus the 

rotation of the turbine shaft. The dynamic turbines are the ones relevant to my project because 

they are used for power production. The mechanical energy produced by the hydraulic turbine is 

converted to electricity through a hydroelectric generator. This latter operates along the 

principles of Faraday because electromagnets are induced by the circulation of direct current. 

The rotor rotates at a fixed speed and is attached to the turbine shaft. When it turns, it causes the 

electromagnets to move past the conductors attached to the stator which consequently causes the 

electricity to flow and a voltage to develop at the output terminals of the generator. 

 

Figure 12: Hydraulic turbine with a generator (Source:http://water.usgs.gov/edu/hyhowworks.html) 
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The types of turbines that are relevant to this kind of project are the dynamic turbines as 

mentioned above and they are in turn divided into two types, impulse turbines and reaction 

turbines. In impulse turbines, most of the mechanical energy is converted into kinetic energy by 

a nozzle. Consequently it induces a high speed jet of water which strikes the blades of the 

turbines thereby causes them to rotate. Also, impulse turbines are characterized by a constant 

atmospheric pressure in the runner which means all the pressure of water   is converted into 

kinetic energy. These types of turbines are usually suited for large head and low flow rate of 

water. The Pelton turbine is one type of the impulse turbines. A Pelton turbine has a moving 

wheel, equipped with blades called buckets, and one or more fixed injectors which send the 

water to the buckets at very high speed. The whole is surrounded by a cover made of sheet steel 

to protect the wheel and to evacuate the water. Figure 13 displays the diagram of a Pelton turbine 

as water is delivered on the left hand side. It passes through a nozzle and then impinges on the 

buckets that transfer the energy to the turbine shaft (Cengel, Cimbala, 2014). 

 

Figure 13: Pelton Turbine Diagram (Sourcehttp://www.renewablesfirst.co.uk/hydropower/hydropower-learning-

centre/pelton-and-turgo-turbines/) 

On the other hand, in reaction turbines only some of the hydraulic energy is converted 

into kinetic energy. The pressure and velocity change inside the turbine when the fluid passes 



13 
 

through the runner. As a matter of fact, when the runner rotates, an exchange of momentum with 

the fluid happens which induces a large pressure drop. The pressure at the inlet is much higher 

than the pressure at the outlet. There exist two main types of reaction turbines which are Francis 

and Kaplan. 

 

Figure 14: Example of Reaction Turbine Diagram (Source:http://rivers.bee.oregonstate.edu/book/export/html/35) 

All the devices mentioned in this part will be used for the engineering study of my system. 

Before moving to the technical part, a steeple analysis is required to have an idea about the 

various external fields that have an impact on the implementation of the project. 

IV. Steeple Analysis 

1. Social 

The implementation of the project will not affect the society in a bad way because the main goal 

is to build the installation in neglected and unattainable places along the coast side of Morocco. 

The usual problem with projects that include wind turbines is the sound emanating from them 

but this won’t be an issue. Also since the installation will be in deserted places, the scenery 
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won’t be tarnished. Finally, upon its implementation, job positions will be offered so it can 

reduce the rate of unemployment in Morocco 

2. Technological 

The project will mainly require wind turbines, pumps, a container, and water turbines. Those 

devices exist in many types and the selection is made upon the efficiency, availability, feasibility 

and costs. This project is basically powering itself so in terms of technology, it needs to be up-to-

date and maintained.  

3. Economical 

The project will generate electricity to help subsist to needs of electricity which means reduce its 

cost and also investing in the implementation will benefit the whole country. Therefore, the 

economy of morocco won’t suffer from this project. A cost analysis is made to prove that this 

project is beneficial. Also it provides considerable opportunities of jobs offers. 

4. Environmental 

This projects use the wind and the sea water to produce electricity. The wind and the sea water 

are inexhaustible resources and using them doesn’t affect the nature or the living beings. Also 

there will be practically no pollution from this 100% renewable energies project.  

5. Political 

One of the major priorities of the new energy strategy developed by the Government in 

accordance with the High Royal Directives is to increase to 42% contribution of renewable 

energy in electricity production in 2020. This project falls within this new strategy for its 

implementation will benefit the production of electricity in morocco considerably based on the 

analysis and study conducted.  
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6. Legal 

Morocco adopted new amendments to complement the 13-09 law on renewable energy which are 

the 58-15 law. This project doesn’t violate any of the sections as it intends to the renewable 

energies for the benefit of the country and will make sure to check its legal situation throughout 

the process of the execution if ever implemented. 

7. Ethical 

This project will obviously follow the code of ethics as it provides actual information and 

documented study. Also it is an individual effort, supported by previous researches but not based 

on them .It also doesn’t contain plagiarism. The implementation of the project will abide by the 

rules of construction, show financial statements and will not withhold information that could 

harm the environment and the society. 

V. Engineering study 

 

Figure 15:Design of the system. 
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Figure 16:Design of the installation. 

The figures 15 and 16 above display in a simple way the design of the installation. The 

lower reservoir is directly the seawater. The engineering study can begin by determining the 

energy output desired from the project. 

I. Electricity consumption of a house 

 To determine the power output of my installation, an electricity consumption study of a 

standard house was conducted. The table below shows the appliances and their electricity 

consumption. The power output for a single house is 16187kWh. Since the purpose of this 

project is for bigger outputs, 10 houses will be taken into account. Therefore, the engineering 

study will envelop 10 houses and the results for the sizing of the container, power of the pump 

and the power of the turbine will be according to the electricity need for 10 houses. 

 Electricity consumption of 10 houses= (16187*10)/1000= 161.87 MWh. 
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 Since all systems have a loss between 5% and 10%, it needs to be taken into account in 

order to provide results for a realistic project. The loss is taken to be 10%, therefore the total 

electricity output of the system needs to be E=161.87*1.1=178.057 MWh 

 

Table1: Electricity consumption of a house. 

 

II. Sizing of the container 

The altitude of the site where the system may be installed is chosen to be 85m. And the 

surface of the site is chosen to be 200 m². Consequently the container will be placed at an 

altitude 85m and will have a surface of 200m². First we need to determine the volume of the 

container. 

 Volume of the container 

We know that the potential energy of the water in the container that will be used to generate 

the electricity output needed is:  
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𝐸 = 𝑚 ∗ 𝑔 ∗ 𝐻 = 𝜌 ∗ 𝑉 ∗ 𝑔 ∗ 𝐻 (2.1) 

Where: E is the electricity output 

 𝜌is the density of the seawater (1020 Kg/m3) 

 V is the volume of the container 

 G is the gravitational acceleration (9.81 m/s2) 

 Therefore the volume V is equal to: 

𝑉 =
𝐸

𝜌 ∗ 𝑔 ∗ 𝐻
=

178.057 ∗ 1000000 ∗ 3600

1020 ∗ 9.81 ∗ 85 
= 𝟕𝟓𝟑 𝟔𝟓𝟔 𝒎𝟑 

 This value corresponds to the total volume of water needed in a year to generate the 

energy amount calculated above.  

Let’s assume that the container provides the volume needed for half a day’s worth of energy 

(12h). 

Then the container volume will be : 

𝑉𝑐 =  
𝑉

365 ∗ 2
 =  1032 𝑚3 

After determining the volume of our container, the calculations for its height come next.  

 Height of the container 

We know that the volume of a cylinder is equal to: V = Surface*height. Therefore: 

ℎ =
𝑉𝑐

𝑆
=

1045

200
= 5,1 𝑚 

We will take it to be equal to 5 m for simplicity and error purposes. 
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Now that we have determined the height, the only missing component is the diameter of 

the container. 

 Diameter of the container 

The section area of a cylinder is equal to:𝐴 =
𝜋

4
∗ 𝐷2. Therefore: 

𝐷 = √
𝑆
𝜋

4

= √
200

𝜋

4

= 15.95 𝑚 

The sizing of the container is now complete. It will have the following characteristics: 

 Total volume :1032 m3, 

 Height :5m,  

 Diameter: 16 m.  

Since we are working with seawater, two things should be taken into account: corrosion 

effects which mean that the container should be with materials that resist corrosion and possible 

leakage of the water and thus the damage of the surrounding vegetation or animals. The 

container will be made of concrete. It can be covered with CPVC (chlorinated polyvinyl 

chloride). This latter is a thermoplastic made by the chlorination (the process of adding chlorine 

Cl2) of polyvinyl chloride (PVC). It has a superior corrosion resistance and is used widely in 

industrial applications, plumbing, commercial and residential buildings (Knight).Therefore it 

will be the perfect candidate for preventing corrosion of the water container especially that it is 

cost-effective. Also, CPVC will prevent leakage as it can be used as an impermeable liner that 

will cover the inner surface of the reservoir. 

All the necessary study of the container was made. The next part will be about 

determining the power of the pump.  
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III. Power of the water pump 

To determine the power of the pump, the flow rate of the pump needs to be found. The 

system is required to pump the water and fill the container in approximately 12 hours and we 

know that the flow rate is 𝑄𝑝 =
𝑉

𝑡
 , where V is the volume of the water in m3 and t is the time in 

hours therefore 𝑄𝑝 =
1032

12
= 𝟖𝟔 𝒎𝟑/𝒉 which is equal to 0.024 m3/s. 

We know that the power of a pump calculated based on this equation 

𝑃𝑝𝑢𝑚𝑝 =
𝜌 ∗ 𝑔 ∗ 𝑄𝑝 ∗ 𝐻

𝜂
 (3.1) 

The efficiencies 𝜂 of medium centrifugal pumps fall between 75% and 93% based on many 

pump websites. 85 % is to be chosen. H is the total length of the pipes=length of the pipes+ head 

loss. Determining the total length of the pipeline system depends on the geometry of the real site, 

therefore we can only assume this value to be around 150 m.This means that: 

𝑃 =
1020 ∗ 9.81 ∗ 0.024 ∗ 150

0.85 ∗ 1000
= 𝟒𝟐. 𝟑 𝑲𝒘 

However the power of the pump found doesn’t take into account the head loss in the water pipe; 

it is yet to be determined.  The equation for the head loss is as follows:  

ℎ𝑙𝑜𝑠𝑠 =
∆𝑃

𝜌 ∗ 𝑔
 (3.2) 

∆𝑃is the pressure loss and is defined as: ∆𝑃 = 𝑓 ∗
𝐿

𝐷
∗

𝜌∗𝑉²

2
 (3.3) , 

Where: f is the friction factor 

 L is the length of the pipe in (150 m) 

 D is the diameter of the pipe in ( 12.5 cm) 
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 V is the velocity of the flow in (m/s²) 

 𝜌is the density of the water ( 1020 Kg/m3) 

We need to determine the velocity for starters and we will use the following formula: 

𝑉 =
𝐹𝑙𝑜𝑤 𝑟𝑎𝑡𝑒̇

𝐴𝑟𝑒𝑎
=

𝑄
𝜋

4
∗ 𝐷²

=
0.024

𝜋

4
∗ 0.125²

= 1.96 𝑚/𝑠 

Next, we need to find out the friction factor and for this we need to determine if the flow is 

turbulent or laminar. We project it is going to be turbulent, nevertheless we make the 

calculations since we have all the necessary values therefore we proceed with the equation of the 

Reynolds number which is used to determine the nature of the flow:  

𝑅𝑒 =
𝜌 ∗ 𝑉 ∗ 𝐷

𝜇
 (3.3) 

Where 𝜇 is the dynamic viscosity in (Kg/m*s) 

The dynamic viscosity is determined based on the table below found on the website: 

http://www.kayelaby.npl.co.uk/general_physics/2_7/2_7_9.html 

 

Assuming indeed that the salinity of the seawater is 35 g/Kg and its temperature is 0 degree 

Celsius, the dynamic viscosity of sea water is equal to 1.88 *10-3 kg/m*s therefore : 

𝑅𝑒 =
𝜌 ∗ 𝑉 ∗ 𝐷

𝜇
=

1020 ∗ 1.96 ∗ 0.125

1.88 ∗ 10−3
= 133 ∗ 103 

http://www.kayelaby.npl.co.uk/general_physics/2_7/2_7_9.html
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For the flow to be turbulent Reynolds number needs to be > 4000, therefore our projection is 

correct, the flow is turbulent.  

The friction factor can be obtained from this formula that can be used when the relative 

roughness (e) is between 10-6 and 10-2: 

𝑓 =
1.325

(ln (
𝑒

3.4∗𝐷
+

5.74

𝑅𝑒0.9))²
 (3.4) 

The relative roughness number is equal to the roughness over the diameter. The roughness is 

determined based on the table below found in the manual of “Fluid mechanics: Fundamentals 

and applications”: 

 

Since our pipe is made from stainless steel to resist corrosion of seawater as it will be detailed 

later on in this report the roughness is equal to 0.002 which means that the relative roughness is 

equal to 1.6*10-5 therefore: 

𝑓 =
1.325

(ln (
𝑒

3.4∗𝐷
+

5.74

𝑅𝑒0.9
))²

= 0.018 

Now we have all the values to calculate the pressure loss from equation (3.2): 

∆𝑃 = 𝑓 ∗
𝐿

𝐷
∗

𝜌 ∗ 𝑉²

2
= 42 𝐾𝑃𝑎 
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Therefore from equation (3.3) the head loss is equal to: 

ℎ𝑙𝑜𝑠𝑠 =
∆𝑃

𝜌 ∗ 𝑔
= 5𝑚 

We can calculate the power input that is needed to overcome the frictional losses by: 

𝑃𝑜𝑤𝑒𝑟ℎ𝑒𝑎𝑑 𝑙𝑜𝑠𝑠 =
𝜌 ∗ 𝑔 ∗ 𝑄𝑝 ∗ 𝐻

𝜂
=

1020 ∗ 9.81 ∗ 0.024 ∗ 5

0.85
= 𝟏𝟒𝟏𝟐. 𝟏𝟔 𝑾 

As a result the total power of the pump is 𝑃𝑡𝑜𝑡𝑎𝑙 = 𝑃+𝑃𝑜𝑤𝑒𝑟ℎ𝑒𝑎𝑑 𝑙𝑜𝑠𝑠 = 𝟒𝟐. 𝟑 + 𝟏. 𝟏𝟒𝟏 =

𝟒𝟒 𝑲𝑾.   

Since the power of the pump determines the power that should provide the wind turbine, this 

latter’s delivered power should be 44 Kw. 

A sea water pump is required to be relatively flexible in terms of its design and is commonly 

a centrifugal water pump, a side channel or a multistage pump.  

We will need to pump sea water at high pressure, in order to be able to circulate the water 

through the pipeline system. Since for our application the power needed is very high, we will 

definitely need to combine pumps in parallel in order to propel fluid at high pressure. 

IV. Hydraulic Turbine 

The hydraulic turbine will be used to generate electricity from the seawater that was 

pumped into the container. The instantaneous power needed from the Turbine is calculated from 

the energy need we started with:  

Energy need per year: 178 MWh 

http://www.castlepumps.com/pump-type/single-stage-centrifugal-pumps
http://www.castlepumps.com/pump-type/side-channel-pumps
http://www.castlepumps.com/pump-type/multistage-pumps
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Considering an availability factor of around 90% (for application purposes), we could deduce 

that our system will be available for 7884 hours (over 8760=365*24), which then leads to 

calculate the installed instantaneous power needed: 𝑃 =  178000000

7884
=22 557 𝑊=31 𝐶𝑉 

For a correct of the turbine dimensioning we need to know the following characteristics: 

 Flow Q: 

 Height of drop H: 

 Rotation speed N: 

Q and H being the starting data of a project, we must find N. 

H is the height of water drop is situated plus the water height inside the container. We 

will assume this height at around 60 m. 

We need to calculate the specific speed of our turbine using the equation (4.1) 

𝑁𝑠=𝑁. 𝑃1/2. 𝐻−5/4 (4.1) 

Where N is the angular velocity in rpm 

P the power output in CV ( 1CV=736 W) 

H is the head of the turbine in m  

We need to choose anangular velocityby using equation (4.2): 

𝑁 =  
60. 𝑓

𝑝
 (4.2) 

 Where f: network frequency (which is equal to50Hz) 

p: number of pole pairs in an alternator 
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We need to obtain an angular velocity compatible with the alternator (synchronous speed) by 

limiting the number of pole pairs to 8: 

𝑁 =  
60. 𝑓

𝑝
=  

60 ∗ 50

8
=  375 𝑟𝑝𝑚 

The specific speed is then calculated: 

𝑁𝑠=𝑁. 𝑃1/2. 𝐻−5/4 = 375 ∗ 311/2 ∗ 60−5/4 = 12.50 𝑟𝑝𝑚 

The choice of the Turbine depends on technical data available on the various types of turbines 

found on the market. The following 

characteristic curve helps us make that choice: 

We can clearly see the usual areas of function 

regarding each turbine:  

 Pelton : 3 to 36 rpm 

 Francis : 60 to 400 rpm 

 Kaplan : 300 to 1000 rpm 

 Bulb :> 1000 rpm 

 

 

According to the result of our application calculations, we will choose: Pelton turbine. 

 After choosing the turbine, we will determine the flow rate of the water in the turbine. 

We know that the power of a turbine is obtained from equation (4.3) below : 

𝑃 = 𝜌 ∗ 𝑔 ∗ 𝑄𝑡 ∗ 𝐻𝑡 ∗ ŋ𝑜𝑣𝑒𝑟𝑎𝑙𝑙 (4.3) 

Figure 17 : Curve specifying the type of the turbine 

to use based on the specific speed needed (Source : 

http://eduscol.education.fr/sti/sites/eduscol.educatio

n.fr.sti/files/ressources/techniques/767/767-

dimensionnement-des-turbines.pdf) 
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Ht is the height where the hydraulic turbine is situated plus the water height inside the 

container. Since the height of the container is 84m,the distance between the container (when it is 

full and taking into account the friction loss inside the pipes) and the hydraulic turbine’s is 60m . 

Normally this height is obtained by determining the angle at which the tube or penstock will be 

inclined but we decided for simplicity’s sake we assumed that the 60m is the required height.  

The overall efficiency ŋ𝑜𝑣𝑒𝑟𝑎𝑙𝑙 is the efficiency of the turbine combined with efficiency of the 

generator. If we assume that efficiency of the turbine is 0.85 and the efficiency of the generator 

is 0.8, the overall efficiency will be 0.85*0.8= 0.68. 

The power of the turbine is the instantaneous power calculated above which is equal to 22 557 

W. Therefore since we have the adequate values, the flow rate can be obtained: 

𝑄 =
𝑃𝑡𝑢𝑟𝑏𝑖𝑛𝑒

𝑔 ∗ 𝜌 ∗ 𝐻𝑡 ∗ ŋ𝑜𝑣𝑒𝑟𝑎𝑙𝑙
= 𝟎. 𝟎𝟓𝟓 𝒎𝟑/𝒔 

To recapitulate, our hydraulic turbine will be a Pelton turbine with a flow rate of 0.055 m3/s and 

will placed at a height of 60m. 

All the system components were determined and subjected to a study and analysis, however as 

mentioned several times in this project the corrosion caused by seawater can have important 

impacts on the components , reduce their efficiency and cause permanent damage that will cost a 

lot of money. A general study of the materials that can be used to prevent corrosion is given in 

the section below. 

V. Maintenance of the system 

5.1 Corrosion 

 To prevent corrosion of the system, some parts of it should be made from materials that 

resist corrosion. Several materials exist to prevent corrosion notably titanium and stainless steel. 
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Titanium is a transition metal that has a low density, high strength and high corrosion resistance. 

It can be alloyed with aluminum, oxygen, carbon, azote, hydrogen, and so on. Those additives 

can make it more resistant to corrosion. One of the reasons behind the corrosion resistance of 

titanium and its alloys is the development of a protective layer of a few micrometers, consisting 

of oxides, predominantly TiO2. This layer forms on all titanium alloys. In case of scratching of 

the surface of the metal, the oxide will reform spontaneously in the presence of air or water 

(Kusmierczak, 2011). However even if the titanium with its alloys is very resistant, it is really 

expensive thus it won’t be cost effective to use it. On the other hand, stainless steel is a general 

name combining various steels. It is an alloy of iron and carbon with good resistance to 

corrosion. These steels contain at least 12% chromium which forms a layer of oxide (Cr2O3) on 

the surface so that the steel does not rust (Source: AcelorMittal).Besides, it is not expensive so it 

can be used for the installation that the project describes. Pumps, turbines and pipes should be 

made partially of stainless steel in order to preserve it from corrosion and therefore reduce the 

costs of their maintenance. Also fiber-reinforced plastic tubes should be used instead of the steel 

tubes that lead to the turbine (the penstock) because they are very resistant to corrosion as well. 

5.2. Adhesion of Marine organisms 

 In the process of pumping seawater, marine organisms may be sucked with the water. 

The absorbed and rejected flow rates are very highm so the velocities involved are also very 

high. The surrounding fish may therefore be affected. Especially during pumping, they will be 

sucked and killed by the machines (Fujihara, Haruo, Katsuhiro, 1998).For the same reasons, the 

facility will absorb a large amount of suspended sediments or wastes (the size of the flows may 

even be likely to suspend nearby sediments) leading to lose effective head and a decrease in the 

operational efficiency of the pump. The solution for this to build a small basin that will be 

arranged using riprap to block the passage of the marine organisms.  Also a grid is to be placed 
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at the beginning of the suction pipe to prevent all kinds of intrusions that may damage the 

system.  

 After conducting the energy study and coming up with all the necessary data for the 

construction of the installation, a cost analysis is to come next to determine the profitability of 

the project. 

VI. Cost Analysis 

A study of this project will not be complete if it is not subjected to a cost analysis that will take 

into consideration all of the costs of this project may incur  and compare them to the revenues it 

can engender to determine if it is profitable or not. First, we need to determine the prices of all 

the system components and the additional equipment +maintenance needed for the construction 

of this station. 

1. Capital Cost 

The table below includes the prices of specific types of the components intended to be 

purchased: 

Table 2: Prices of System Components 

However, additional costs need to be added such as the building of the water container, the 

construction of the pipe ducts, the installation cost and the maintenance costs and they can be set 
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up to 1 000 000 Dhs. Therefore the total cost of the system is as shown in table 2 is 1 664 584 

MAD. 

2. Net present value 

After determining the total cost of the project, we need to know how much we can make by 

selling the electricity produced by our installation to ONE (Office nationale de l’electricité).  

 

Since the law concerning selling electricity to the national office of electricity is still in process, 

we are going to assume the same tariffs as the Tarfaya project and we will consider the net 

present value of the project when we sell at the peak hours. The price displays in the figure 16 

above is 1.14123 DH /kWh before tax. After adding taxes the price becomes around 1.36 DH/ 

kWh. Also we take the life expectancy of the project to be 15 years.  

To calculate the net present value of the project, the following formula is used: 

NPV = ∑ {Net Period Cash Flow/(1+R)^T} - Initial Investment (IV.1) 

Where: The net period Cash Flow is 178 MWh*1000*1.36= 24208 MAD 

              R is the interest rate and it is equal to 2.25% 

              The initial investment is 1 664 584 MAD. 
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We are going to use excel in order to compute it to avoid making any calculations mistakes. The 

function NPV in excel includes the interest and the annual cash flows and we deduce from the 

result the initial investment. The table 2 below displays the results:  

 

The project has a profit of 2 388 568 MAD. Since this NPV is positive, we should accept it.  
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VII. Conclusion 

This capstone project gives an engineering study about the wind powered system that 

intends to pump sea water, store it in a large reservoir and make it turn a hydraulic turbine that 

will produce electricity. This electricity can power houses or be stored.  Research and study were 

conducted to come up with results that give an idea about how much the project can produce and 

also the selection of materials to preserve our installation since we are working with seawater.  

This project is realistic as possible; however, the actual implementation of the system will define 

more parameters and encounter several problems that need to be dealt with on a realistic scale. 

The feasibility of this project is quite promising because Morocco represents a great candidate 

for this kind of installations. As a matter of fact, after 2009 when Morocco launched several 

renewable energies based projects and more recently after the COP 22 that was held in 

Marrakech where billions of Dirham were invested in order to enhance the renewable energy 

potential of Morocco, this project falls within this framework and may be beneficial for Morocco 

if realistic study is further conducted. 
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