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ABSTRACT 

With the current advancements in both the agricultural and renewable energy sectors in 

Morocco, much effort has been made towards combining both for a better efficiency. This 

project is a study of a solar water pumping system to ensure the irrigation and water needs of 

a farm in the Grand Casablanca region. The aim of the project is to compare two solar control 

unit systems in order to find which one is the most efficient. With water needs of 4 m³/day, 

and taking into consideration the meteorological conditions of the Grand Casablanca region, 

the chosen system is a fixed voltage DC-DC converter, which yields a system efficiency of 

57.2%, compared to 56.7% for a MTTP-DC converter.  
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1 INTRODUCTION 

 

1.1 Background 

 

Morocco is certainly achieving great advancements when it comes to renewable energies and 

overall more eco-friendly processes that would lead towards moving from linear to circular 

economy. In general, the country is taking huge leaps towards a greener and cleaner energy. 

One of the sectors that uses the most energy and resources in general in Morocco is the 

agricultural sector, which is one of the biggest contributors to the national GDP and one of 

the sectors that employs the most people especially in rural areas. In the past few years, the 

agricultural sector has been making significant strides towards including renewable energies 

in its operations. 

 

1.2 Project Description 

 

The object of this capstone project is to design a solar pumping system in the Grand 

Casablanca region, that would favor eco friendly methods of obtaining water and supplying it 

for irrigation systems. The solar pumping system will include a digitized control unit, and 

aims at finding which one is more optimal to use in the location and project specific 

conditions. 
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1.3 Methodology  

 

In order to reach the desired results, this capstone project will be split into two main parts; a 

theoretical part and an experimental part. The first part of the project is data gathering and 

literature review. In order to conduct this part, the resources necessary are the AUI library 

database as well as official documents from the Moroccan government. The second part of 

the project is the system design aspect, where the appropriate PV panels and pumps are 

chosen. This part of the project also includes simulations of the software PVsyst that allows 

us to study the yield of the system and comparing different results using different types of 

control units. The end goal is to find which control unit is better suited for the specific 

location and application. 

 

2 STEEPLE ANALYSIS 

 

2.1 Socially 

 

Socially, this project’s main purpose is to make people aware that more can always be done 

in terms of circular economy and sustainability. It aims to helping more regions to develop 

the agricultural field and reduce their electricity usage and replacing it by a sustainable source 

that powers their water pumps. 
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 2.2 Technologically  

 

Technologically, adopting solar energy and including it in the irrigation field will push the 

technological advancements of said field and encourage the big players into adopting and 

switching over to renewable clean energy.  

2.3 Economically  

 

Economically, solar energy is a good alternative to being connected to the grid, and is a good 

investment on the long term to reduce electricity costs. 

 

2.4 Environmentally  

 

Environmentally, this project will aim towards contributing to Morocco’s environmental 

goals. By encouraging the use of solar energy, the project is helping the country move 

towards a better future. 

 

2.5 Politically  

 

Politically, I see that my project is compatible with the goals of Morocco and conforms to the 

eco-friendly strategies, which they are trying to install. 
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2.6 Legally  

 

Legally, the project has no repercussions and will be conducted in compliance with ethics 

and laws.  

 

2.7 Ethically 

 

Ethically, this project respects the rules of academic conduct as well as the ethics of research 

and development, being my own work that is based on previous scholarly research, all 

conforming to the rules of proper citations and giving credit where it is due.  

 

3 THE SOLAR ENERGY SECTOR IN MOROCCO  

 

3.1 Overview  

 

In 2010, the Moroccan Agency for Solar Energy (Masen) was installed. Its goal was to 

provide the country with a clean source of energy that would replace its 90% of imported 

energy from outside of the country [1].  

Morocco is expected to surpass 52% of renewable energy usage in the total energy 

consumption and production of the country by 2030. The country has invested in both solar 

and wind energy, namely the Noor solar station. The investments are estimated to 2 Billion 

Euros, and everything was built in the past 5 years, panning a total of 300 hectares [2]. 

© SCHOOL OF SCIENCE & ENGINEERING – AL AKHAWAYN UNIVERSITY                  10 



For Morocco, solar energy is a crucial economic issue in line with the choice of sustainable 

development, in line with the Kingdom's energy policy drawn up by His Majesty King 

Mohammed VI. The stakes are therefore doubly high, given the unbridled cost of traditional 

energies, which have a negative impact on the environment. Solar energy is a clean, 

inexhaustible and advantageous alternative energy, consistent with sustainable development 

[2]. The will of Morocco, as standard-bearer, is beneficial in the quest for energy autonomy 

for the brother countries of Africa, but also for the partners of the rest of the world who only 

ask to offer services, products and share their experiences. 

As part of its strategy to promote renewable energies, Morocco gives priority to the 

development of these energies and to sustainable development. With abundant solar 

resources, "a potential of 2,600 kWh / m² / year" and a strategic position at the heart of an 

energy hub (connection to the Spanish electricity network by two 400kV / 700 MW lines), 

Morocco thus offers several investment opportunities in the thermodynamic and photovoltaic 

solar energy sector [3]. 

The Moroccan Solar Energy Project aims to set up in 2020 a capacity of electricity 

production from solar energy with a total capacity of 2000 MW on five sites: Ouarzazate, Ain 

Bni Mathar, Foum Al Oued , Boujdour and Sebkhat Tah. 

The program to develop the Moroccan market for solar water heaters (PROMASOL) aimed 

at installing 440,000 m2 of solar thermal collectors in 2012 and 1.7 million m2 in 2020. This 

program will prevent the emission of 920,000 tonnes of CO2 per year and will create 920 

permanent jobs. 

The national solar pumping program is the result of a partnership between the Ministries of 

Energy and Agriculture, ADEREE and the Crédit Agricole Group. This program aims to 

enable small and medium-sized farmers to equip themselves, with the help of a subsidy from 

the Energy Development Fund, with water pumps running on electricity produced from solar 

panels [3]. 
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3.2 Solar Energy in Favor of Agriculture  

 

Solar energy has been used in favor of agriculture for the past few years, and as the 

technology advances and adapts more to the agricultural sectors, the number of possible 

applications has been increasing. The most popular uses of solar energy in favor of 

agriculture include the following.  

Photovoltaic sprayer: In average, 35% of crops are generally lost to pests and other types of 

bacteria and fungi [4]. Therefore it is very important to protect the plants using pesticides that 

are usually manually sprayed onto the plants. A photovoltaic sprayer (shown in Fig.1) is a 

device that uses solar energy in order to power a pump to spray pesticide onto the crops and 

make the operation more efficient and less time consuming for the farmers.  

 

Figure 1: Solar photovoltaic sprayer  

Source: [4] 

A solar photovoltaic sprayer consists of Pv panels connected to a pump to provide a direct Pv 

power supply. In order to guarantee a continuous and consistent supply of power, batteries 

are also connected to the system. A more compact version of the system includes smaller PV 

units and can be carried overhead by the farmers in order to distribute the pesticides manually 

[4].  
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Solar drying: Difficult circumstances in certain regions and high energy costs make it 

difficult for farmers to preserve their produce. That is why drying for certain types of 

agricultural products is the optimal solution to help preserve it for a longer period of time [4].  

 

Figure 2: Solar dryer  

Source: [4] 

Solar drying consist of an inclined device that retains heat directly from solar radiation in 

order to dry and dehydrate produce that is placed inside of it. 

Solar pumping: The agricultural sector is one of the main water consumers globally. Crops 

worldwide require about 70% to 80% of the overall ground and surface water supply globally 

[5]. Needless to say, every single agricultural project is now equipped with one or multiple 

pumps, usually connected to the grid, in order to supply the crops with necessary water. 

Irrigation systems are generally supplied with water from nearby dams or water bassins, or 

use groundwater extraction. Solar pumping presents a cost effective and eco-friendly way to 

power the pumps and supply them with the necessary electricity needs.  

A solar pumping system consists mainly of three components: a PV unit (equipped with a 

converter, batteries and a control unit if need be), a water pump (pumping water either from a 

nearby bassin or an underground well) and finally a tank to store the water [4]. 

© SCHOOL OF SCIENCE & ENGINEERING – AL AKHAWAYN UNIVERSITY                  13 



 

Figure 3: Solar pumping system  

Source: [11] 

 

 

4 AGRICULTURE IN MOROCCO 

 

4.1 Overview of the Main Sectors 

 

According to the most recent publicly available data, agricultural land represents 69% of the 

entire Moroccan national territory [6]. Agricultural land is divided into a multitude of types 

of crops, the most general one being cereals. 

© SCHOOL OF SCIENCE & ENGINEERING – AL AKHAWAYN UNIVERSITY                  14 



 

Figure 4: The repartition of Moroccan crops  

Source: [6] 

Since the most important use of the SAU (surface agricole utile) or usable agricultural surface 

in Morocco goes towards the production of cereals, this is the type of production we will 

focus on. This production is concentrated in the following regions. 

 

Figure 5: Main regions for cereal production in Morocco  

Source: [6] 
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The three main regions are Grand Casablanca, Marrakech-Safi and Fes-Meknes. I will choose 

to focus on the geological properties of the Grand Casablanca region, for which data is more 

available. 

 

4.2 Waterbeds and Aquifers  

 

“The water table of an area is generally supplied by an aquifer, an underground rock layer 

that contains water and releases it in appreciable amounts” [7]. Groundwater is present in a 

layer that is characterised by its porosity. It is all connected and allows the water to flow 

freely in the uppermost layer that is called an uncontained aquifer. The upper boundary of the 

uncontained aquifer is called a water table. The uncontained aquifer is separated from the 

contained aquifer by a layer of rocks that is referred to as the aquitard. In general, 

uncontained aquifers are free flowing and receive direct continuous supplies of water from 

the surface, usually from rivers, lakes and rainwater [7]. 

 

Figure 6: A diagram showing an underground water aquifer 

Source: [7] 

In Morocco, groundwater consists of about 20% of water resources. The most important 

aquifers cover a total area of almost 80,000 km², about 10% of the country. Total 

© SCHOOL OF SCIENCE & ENGINEERING – AL AKHAWAYN UNIVERSITY                  16 



groundwater withdrawals are estimated at 3,170 MCM(million cubic meters)/yr [8]. In 

Morocco, groundwater supplies 40% of the water used for irrigation [8].  

The following map showcases the most important aquifers in Morocco. 

 

Figure 7: A map showcasing the most important aquifers in Morocco 

Source: [8] 

 

As shown in Fig.7, the aquifer present in the Grand Casablanca region is a shallow aquifer, 

which is characterized by depths starting from 50m to 150m as a maximum depth for water 

presence. 
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5 PV CONTROL UNITS 

 

5.1 MPPT-DC Converter  

 

An MPPT, or maximum power point tracker is an electronic DC to DC converter [9]. 

Maximum Power Point Tracking is a digital system. The charge controller compares the 

output of the solar panels and compares it to the battery voltage, in order to find out what is 

the optimal voltage the panel needs to output in order to charge the battery [9]. 

 

Figure 8: Graph of the I-V curve of a solar cell 

Source: [10] 

The point on the graph where the current and voltage are both at a maximum is considered 

the maximum power point, what an MPPT does is constantly vary the resistances in order for 

that point to be constantly reached [10]. 
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5.2 Fixed V DC-DC Converter  

 

Contrary to the MPPT-Dc converter, a fixed V DC-DC converter makes sure that the output 

voltage of the solar panel remains the same, instead of tracking a maximum power point at 

every instance and changing the resistance accordingly. Fixed V DC-DC converters are also 

commonly used with PV panels, but not as often at the aforementioned MPPT converters.  

In order to figure out which one of the two types of converters is the most suitable for our 

application, simulations were run on PVsyst using the two options separately. Results will be 

discussed in the following section. 

 

6 SYSTEM DESIGN 

 

The following solar pumping system has been designed in a fictional location in the Grand 

Casablanca region.  

The system is a deep well pumping system with an attached PV panel. It has the following 

specifications, which are all based on assumptions except the well and pumping depths which 

are based on Sec.4.2.  

The first parameters are the plane tilt, which is set to 30° and the azimuth which is set to 0° as 

the panels will be due North.  
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Figure 9: Orientation of the proposed system design  

 

The pumping system is a deep well to storage system, and is characterized by the following 

specifications. 
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Figure 10: Deep well pumping system characteristics  

 

 

 

 

 

 

 

 

 

 

© SCHOOL OF SCIENCE & ENGINEERING – AL AKHAWAYN UNIVERSITY                  21 



Moreover, the water needs are set to 4.0 m³/day. 

 

Figure 11: Water needs 

The pump used is a Fluxinox Solaflux 2.6 DC well pump that has a power of 260 W. 

 

Figure 12: Pump specifications 
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Finally, the PV panel chosen for this application is a UKSOL 260Wp 26 Si-poly solar array, 

to be tested with two different types of control units: a MPPT-DC converter and a Fixed V 

DC-DC Converter. 

 

Figure 13: PV module with MPPT-DC converter  

 

Figure 14: PV module with fixed V DC-DC converter  
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7 PVsyst SIMULATIONS  

 

7.1 Simulations Results  

 

7.1.1 MPPT-DC Converter  

 

Running the simulation with the aforementioned characteristics and using a MPPT-DC 

converter has yielded the following results.  
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7.1.2 Fixed V DC-DC Converter  

 

Running the simulation with the aforementioned characteristics and using a fixed V DC-DC 

converter has yielded the following results.  
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7.2 Analysis and Discussion  

 

They key characteristics to compare looking into the simulation results for the two different 

systems are the system efficiency and missing water throughout the months. 

When it comes to the missing water, both systems are only missing water in the month of 

January; 1.766 m³ for the MPPT system and 2.064 m³ for the fixed V DC-DC system. 

However, year around there is a 4 m³ excess of water for both systems equally which means 

that missing water cannot be a characteristic to differentiate between the two systems. 

Looking at the system efficiencies, the fixed V DC-DC system has an overall efficiency of 

57.2% while the MPPT system shows 56.7%. However small, the difference is very 

significant on the long run. 

We can conclude that the optimal system for the suggested application is a fixed V DC-DC 

converter. 
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8 CONCLUSION  

In conclusion, efforts towards greener energy will always be ongoing as technology doesn't 

stop advancing and evolving. Since the agricultural sector is one of the most important 

contributors to our national GDP, it is necessary to find new ways to decrease costs and 

increase efficiency, all the while making sure to maintain eco-friendly processes and make 

well informed decisions. This project has shown that it is necessary to perform studies in 

order to find what works in what environment, as well as what works better in a case to case 

basis. In the case of a solar water pumping system in the Grand Casablanca region, it has 

appeared that the most optimal choice is combining the PV cells with a fixed voltage DC-DC 

converter, in order to get the best efficiency. 
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