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2) ABSTRACT 

The idea for my project is to create a solar panel system that would be used on farms in 

Morocco. This solar system will pump water from the land which means underground water 

or nearby creek or river and will replace the use of gas powered pumping which is a costly 

operation for farmers. This new solar system will aim to optimize and use less money in 

order to pump water to the farm for purposes such as irrigation. At present many farms in 

Morocco are using gas energy to take water from the land for their farming needs. Since the 

gas has to be regularly replaced and thus costing farms a substantial amount of money 

periodically I envision a replacement of gas energy for solar energy. Furthermore, apart from 

the solar energy system producing energy that will be used to pump water in the farms, the 

solar energy will be useful for providing light to the farm at night 

This project is not only beneficial in terms of its reduced cost. Solar system energy uses an 

energy source (the sun) that is consistently available especially in a region like Morocco. It 

will be a clean source of energy and will not do damage to the environment and to the 

nature. Furthermore it will not harm our earth, and since it uses renewable energy, it will 

last forever. 
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3) INTRODUCTION 

Since independence, Morocco has made significant investments for the mobilization of 

water resources, the expansion and modernization of irrigation in the context of a 

harmonious political and integrated water resources management. 

Efforts by governments on water resource mobilization allow currently have an average year 

of 13.7 billion m3, or 65% of the potential of 11 billion m3 of surface water (69% of their 

potential) and 2.7 billion m3 of groundwater (54% of their potential). 

Currently, 911,000 ha are already irrigated in a sustainable way and 93,000 ha are being 

equipped. Although this group represents only about 10% of the agricultural area, it 

contributes to 45% of value added, 75% of agricultural exports and 50% of direct 

employment in the sector. 

In view of the utilized agricultural area which is approximately 9 million hectares, distributed 

in different agro-climatic regions of the country, it is the available water resources that limit 

the potential of irrigable land. 
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4) Objectives 

Considering water as a fundamental element of rural development and food security, it is 

time to make wise choices in irrigation to minimize water losses, resource that is becoming 

increasingly rare demand for increasingly strong. It is important to mention a hundred 

farmers present multiple purposes engendered the pressurized irrigation system and are 

summarized as follows: 

 

• Save 30 to 60% water conservation and the continued deterioration in the table; 

 

• Independence against the difficult weather conditions that induce anxiety in the 

population; 

 

• Establishment of a competitive and diversified agriculture because of the weight of this 

sector in the national economy; 

 

• Independence against the increasing price of oil and gas; 

 

• Protect our environment from pollution cause by burning oil and gas; 

 

• encourage people to start using renewable energy which costs less and don’t pollute. 
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5) Methodology  

For my methodology I will be focusing on the engineering aspect and the business aspect of 

this project. The engineering side of this project will deal with how I imagine the solar pump 

system to work. I will research the already existing examples in other parts of the world. I 

will develop a design and plan on how the solar system will be set up. For the business side, 

this will involve the profitability from this project and what can be expected in terms of its 

revenue and cost savings, etc 

6) Contribution 

In this project, I will try to develop a general equation that is simple but it will be useful to 

know how much water and power do we need for any surface area and what will be the 

price for using a solar pump system by collecting some data such as the climate, the surface 

area, altitude above sea level... 

 

 

 

 

 

 

 

 

 

 

 

 



9 
 

7) Solar Panels 
 

 

 

What are solar panels? 

 
Solar panels are devices that allow for the input of sunlight, and convert this sunlight into 

electricity. The shape of solar panels can vary in different rectangular shape and a 

combination of these rectangular shaped panels are installed and used to produce the 

electricity. The solar panel consists of solar cells which are semiconductor devices that 

change the sunlight into electricity or direct current. The cells make up a module. The PV 

photovoltaic modules comprise of photovoltaic cell circuits that are enclosed and "sealed in 

an environmentally protective laminate". The solar panel includes from one or more "PV 

modules assembled as a pre-wired, field-installable unit". The PV Array is the full unit that 

generates the power and includes all the elements just discussed. 
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7.1) What constitutes a solar panel? 

 
 

The primary element that makes up a solar panel is its solar photovoltaic cell which does 

the conversion from the sunlight to electricity. Accordingly, 80% of solar panels are made 

up of solar cells made of crystalline silicone meaning "monocrystalline, polycrystalline, 

amorphous silicon, or hybrids". The cells are placed in a grid like design. 

 

 

 

Silicon is a semiconductor and the fourteenth component in the periodic table. It has 4 

valence (electrons at the outer shell). Silicon particles offer valence electrons to achieve 

stability. To aggravate this stability, doping atoms are embedded into the silicon. Silicon 
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can be combined with Bromine (positively doped) and can be combined with Phosphorus 

(negatively doped). 

Furthermore the 20% are made up of solar cells which are made mostly from Cadmium 

Telluride and a small portion of CIGS or Copper Indium Gallium Selenite. These cells have 

an advantage of being low cost and therefore can be made into large single sheets. 

Closer look at the semiconductor layers 

 

Photons coming from the sunlight create a state of unbalance 
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Closer look at solar cells 

 

Solar panels are sealed hermetically or in an airtight manner in order to protect them, and 

are then covered in a glass that is non-reflective which protects the cells against 

environmental damage. The composite is then put into a frame that is rigid and sturdy. This 

frame prevents deformation due to freezing weather as well as strong winds. Also, the frame 

would include a hole that allows drainage and prevents water from building up on the device 

which can cause a reduction in what is outputted. The solar panel's back is also sealed and is 

the area in which you can find the junction box. 

7.2) Efficiency of Solar panels 

 
The amount of Electricity used is dependent on a number of factors such as the solar panel 

itself and the cell technology underlying it as well as the material used in making it; the 

sunlight exposure at the specified location per year. The efficiency of solar panels depends 

on the insolation, the irradiance, the heat, and the cleanliness in addition to some other 

factors that don’t have a significant effect on the efficiency. 

Insolation: this is based on the amount of solar energy that reaches an area or" spot on the 

earth". 

Irradiance: This is the amount of solar energy that hits the earth. 

Heat: The heat aspect can reduce the amount of power made. 

Cleanliness: This factor can affect the amount of power outputted. 
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7.3) where are polar panels used 

Solar panel technology are very versatile and can be found anywhere where there is 

consistent enough sunlight to provide the source of energy. Solar panels location to direct 

sunlight is necessary and therefore you will find these devices outdoors on roofs, buildings in 

the deserts etc. In the US, a large percentage of solar panel installations are found in wide 

empty areas such as the desert; on residences and buildings in the cities. 

7.4) Energy that will be produced by a solar system 
 

It is wise to have a discussion with a few solar panel installers on how various factors can 

affect solar energy output. 

Solar panels show the amount of power that is expected to be produced under conditions 

that are ideal, which is known as the maximum power rating. 

The amount of electricity produced by the solar panel depends on a couple factors: 

 Does sporadic shade block sunlight from directly hitting the roof? 

 What is the average amount of sunlight that the roof receives? 

 What is the size of the solar panels and what is the efficiency of the cells of the solar 

panel at converting energy? 

The seasons and the weather have an effect on the sunlight that hits the roof. Also there is a 

variation in sunlight depending on the time of day. In these cases using the max power rating 

by itself will give an inaccurate prediction as to the power that can be expected. Nonetheless 

your location will give you the ability to calculate solar panels expected output. 

Factors such as power, inverter efficiency and wiring will on average cause the solar system 

to lose energy and will only give up to 80% of its capacity. 

Keeping in mind a solar panel watt rating, location, and electricity produced grid cost, a solar 

calculator will give a table with estimation of the amount of solar power to expect. 

http://www.ecowho.com/tools/solar_power_calculator.php 

http://www.ecowho.com/tools/solar_power_calculator.php
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We enter the data as shown in the picture bellow 

7.5) Why do solar panels work great in winter rather in 

summer? 
 

Many people think that solar panels works greater in summer which is not the case for many 

reason 

1) The amount of power that a solar panel gives out is affected by the temperature, 

even though this temperature will not have an effect on the solar energy that the 

panel receives. To clarify, the hotter a solar panel gets the less power it will produce 

with the same level of sunlight. Generally, electrons that are at rest, or at a “low 

energy” phase, are excited by the “high energy” of the sun. This difference between 

the electrons’ low energy and high energy is the voltage that you can reasonably 

expect to receive from the solar panel. Electrons are also excited by heat, as heating 

something gives energy to it, therefore the electrons that are at rest energy 

increases. Hence colder electrons have less energy at rest than warmer electrons. 

Since power comes from the difference in the electrons rest phase and excited phase, aided 

by the sun, the power emitted will be lower, as the difference is lower, in the scenario that 

the electrons are at an elevated energy level at rest due to a hotter condition of the solar 

panel. 

2) Light consists of a large amount of photons which are particles that transport the 

energy connected with the light. As they make contact with the solar cell they collide 

into an electron and pass on to the electron the energy that they had. This triggers 

the electron from a low energy to a high energy state. The cell of the solar panel 

system is designed with the purpose of extracting this electron in its state of high 

energy. It then passes it through an electrical circuit to make use of the electrons’ 

extra energy. The high energy electron can sometimes collide with atoms in the cell 

of the solar panel system before getting out, which causes the electron to lose the 

extra energy thus transforming it into heat instead of electricity. Heat is the vibration 

of molecules and atoms. The solar cell being at an elevated temperature signifies that 
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the atoms are experiencing a faster vibration. It is therefore more difficult for the 

electron to be released without crashing into these atoms. Therefore when you have 

a situation where the solar cell is heated, the power outputted will fall because 

energy is being lost before it escapes the cell of the solar panel system. 

 

3) Mathematically speaking 

 P=JV  

P the power produced 

J the current 

V the voltage. 

We calculate the efficiency of a solar panels when P reaches its maximum value 

n=JmaxVmax/Pin 

n the efficiency 

Jmax  the current at the maximum power 

Vmax  the voltage at the maximum power 

Pin is the power incident on the solar cell (the power from the light shining on it) 

 In another way n=JscVocFF/Pin 

Jsc the current at short circuit (when V = 0) 

Voc the voltage at open circuit (when J = 0) 

FF is a factor 

When the solar cell is heated, the current Jsc increase while the voltage Voc 

decrease. Unfortunately, the voltage decreases faster than the current increases, the 

result is that the overall efficiency goes down. 
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8) Solar Water pumps 
 

 

The use of solar power to pump water has a lot of advantages and is useful in many 

situations such as: for reasons of cost efficiency in the case of the resources for the water 

located over a wide distanced area; higher costs of other regular alternative methods such 

as the use of fuel; the lack and expense of power line infrastructure over long distance. 

 

The fact that DC power is used in solar water pumps as opposed to AC powered devices 

gives the advantage of the solar pumps being able to function under circumstances of 

imperfect sunlight conditions. AC power on the other hand needs relatively unchanging 

voltage as well as frequency to run smoothly. This DC use in solar water pumps allows the 

device to operate on varying voltage and current. Furthermore pumps that use AC power 

need sufficient power to transport large amount of water in a short time. Solar pumps 

however does it differently where the solar pumps transport smaller amounts of water for a 

longer period and would obviously require less energy than AC powered means. 

 

Although there are other ways of pumping water in remote regions, for example windmills, 

gas pumps etc. They are however expensive due to various factors such as installation costs 

or maintaining the structure, fuel costs, having the right location aspects and so on. Solar 

water pumps are able to operate in a lot of different areas particularly in sunny areas, and 

can provide farms, farm lands and farm animal’s steady water access. In a lot of places, solar 
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water pumps are proven to be the most optimal choice. Solar pumps are not only needed in 

case of farms but also for homes such as places located in the woods such as cabins. These 

places may have a power system that the solar powered water pumps can work along with 

or tap into. Provision of water to livestock allows for the protection of limited bodies of 

water such as ponds. Also with solar power advancement that allows the movement of more 

water we can now have irrigation solutions on a small scale. 

The System  
 

 

Water pumps are powered by the photovoltaic or PV array. There are three elements which 

include the pump itself, its controller and the array and with only these three elements you 

can have a relatively inexpensive system that is low maintenance. The system is expected to 

operate if there is sunlight and water to pump. It is a good idea to either or both have water 

storage means and or having the array 'oversized' to pump water under low light conditions. 
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8.1) Photovoltaic (PV) direct systems: 
 

1. 'Gravity delivery' or 'direct to source'; it’s best for areas that have hills and is the least 

difficulty and usually cost efficient. 

2. 'Direct to storage' with the use of a booster pump. This is more complex and 

expensive than the previous mentioned method because of the added accessory of 

the booster pump as well as for increased Photovoltaic power. 

3. Direct to a 'pressure tank'. This needs a sufficient pump and array because of what is 

called "total dynamic head" or "resistance to flow" that happens because of the 

pressure tank. 

Battery systems used at nights are complex and expensive in most cases and are only 

necessary if there is a need for all around pressurized water provision. 

8.2) Pump controller 
 

This device brings power to the pump even in low light situations. 

Pump types 

1) Surface pump 
 

This can pump water from wells that are shallow in depth up to 20 feet, and can emit this 

water 900 feet from the pump. 
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2) Submersible pumps 
 

These are used where the wells are deep and can be used in many cases such as irrigation. It 

can pump from 250 meters and can push 10,000 per hour. 
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8.3) Storage Tank 
 

Solar water systems most likely use tanks to store water. The size should be able to keep 

roughly 3 days of water or 2 to 3 days depending on the variation in the sun. Too much 

water should not be kept too long because of diminishing quality due to growth in algae. 

Two days is best for an exposure to the full sun and three days for shaded areas. The most 

available tanks are food grad plastic as they are affordable but another option would be a 

cistern that is buried as it controls the temperature of the water and promotes better quality 

but unfortunately is more expensive. 

8.4) Charge Controllers 

If batteries are used in the solar pump system then a charge controller must be used to 

prevent the batteries from being over charged or from fully discharging 

8.5) Water systems (pressurized) 

This aids in providing water pressure that is constant. 

8.6) Size of the System 

A number of aspects need to be looked at before deciding on the particular solar pump 

system. Firstly, deciding on the amount of water needed. Also, deciding on the water source 

for example it may be a well which will be expensive as drilling is required, but offers 

consistent good water quality. It can be water on the surface such as a pond or stream which 

is more accessible than a well but is less consistent throughout the seasons and is of a lesser 

quality than a well. 

In the case of already existing wells you will need to examine certain criteria such as the 

water level without pumping, the quality of the water, the variations in depth due to the 

seasons and how fast the water replaces itself after pumping. 

In the case of water on the surface such as ponds, you will have to examine the quality of the 

water and the level of the water due to the seasons. 

Furthermore there should be a plan or a mapping of the water system showing the source of 

the water as well as distribution channels. Depending on how difficult it is, assistance may be 

needed to carry out this mapping. 
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8.7) Solar Site  

Very importantly a proper site or location must be chosen that would give sufficient 

exposure to sunlight. Some criteria to look at are/ 

 A location that faces towards the south with limited shading. 

 Sufficient area for the solar system elements such as the pump, tank, etc. 

 The solar panels close enough to the pump which would help to reduce installation 

and wiring costs. 

 Dry location in the case of battery use. 

It would be feasible to have the arrays located in an optimum location, as mentioned above, 

and also mechanize the PV array to tilt according to the sun's location, with the use of a 

tracker. 

9) Some definitions 

A few definitions and terminologies will be explained which refers to the amount and stream 

of water for watering system. Every one of these terms are recorded and characterized 

bellow 

INnet: Net Irrigation Need (mm/day, mm/month, l/s/ha)  

Here we have the irrigation that the crops need which is identified by how many millimeters 

of layer of the water is needed either by month or day, etc. However the loss in water is not 

present in the net irrigation needed (INnet). The water layer can then go through a sustained 

water flow per unit area and is then often expressed in liters per second per hectare 

 8.6 mm/Day  =  1.0 l/s/ha   

Approximate average Inet values for different climates 

Humid tropical climate 0.5 l/s/ha 

Monsoon climate wet season 0.5 l/s/ha 

Monsoon climate dry season 1.0 l/s/ha 

Semi-arid climate wet season 1.0 l/s/ha 

Semi-arid climate dry season 1.5 l/s/ha 

Arid climate 1.5 l/s/ha 

Rice 1.5 l/s/ha 
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SINnet: Net Scheme Irrigation Need (l/s)  

This refers to the net irrigation need for the entire area. Thus Net Scheme Irrigation Need is 

given in liters per second instead of millimeter per day by multiplying the area by SINnet . the 

formula is given  below 

SINnet (l/s) = Area (ha) x INnet (l/s/ha) 

We can say that thus equation can be written as  

Y= A*X where: 

Y is the amount of water needed for the area 

X is the surface area 

A is a variable that depends on the climate, it could be 0.5 or 1 or 1.5 
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10) Closer look at the global map of irrigation areas in 
Morocco 
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Country Morroco 

Area location Chaouia Ouardigha 

Area equipped for groundwater 
irrigation 

35000 hectare 

Area equipped for surface water 
irrigation 

8301 hectare 

Area equipped for treated wastewater 
irrigation 

290 hectare 

climate Semi-arid climate dry season 
 

Water needed per hectar 1.5 litre per second per hectare (1.5 
l/s/ha) 
 

A= 1.5 

 

10.1) Location: Chaouia Ouardigha Berrechid 
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Country Morocco  

District Chaouia-Ouardigha 

Population 93,954 

Elevation 220 m over sea level 

Time Zone CET 

Rainfall 

 

368mm/year 

 

Longitude -7.587540 

Latitude 33.265530 

Our surface Area 5 hectars 

A=1.5 

X= 5 

Y= A*X = 1.5*5 = 7.5 

Which means that SINnet (l/s)= 7.5 l/s 

10.2) The main 3 ways a crop can receives water 

There are different ways in which crops can receive water: 

 Rainfall 

 Irrigation 

 Both rainfall and irrigation in combination 

There are instances where capillary rise adds to the groundwater that supplies water to the 

crops, but for this research capillary rise’s contribution will be omitted. 

In the event where all of the water that is needed by the crops are produced by rainfall, 

irrigation will not be needed, therefore making the water needs through irrigation equaling 

to zero or the Irrigation water need (IN) = 0. 

http://www.worldatlas.com/webimage/countrys/africa/ma.htm
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In the event that there is a lack of rainfall at the time of the growing season, all of the water 

needed will have to be provided through irrigation. Thus IN or Irrigation water need will be 

equal to the entire water needs of the crop IN = ET crop. 

In the majority of cases there is a combination of rainfall and irrigation providing the needed 

water to crops. In these scenarios (IN) will be the difference of the water needed by the 

crops and rainfall that is used by the crops: IN = ET crop - Pe. 

In summary:  

If there is sufficient rainfall : IN = 0 

If there is no rainfall at all : IN = ET crop 

If there is partial irrigation, partial rainfall : IN = ET crop – Pe 

A method will be given on determining optimum rainfall as well as calculating the irrigation 

needed. 

10.3) DETERMINATION OF THE EFFECTIVE RAINFALL* 

 

In times of rainfall: 
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1) Rain falls on top of the surface of the soil and seeps into this soil. 2) Some of the rainfall 

will remain on the surface. 3) While some of the rainfall will run off of the surface.  

When the rainfall ceases the remaining water on the surface 3) dissolves or evaporates into 

the atmosphere 5) the remaining water dissolves slowly in the soil 6)  

The water that goes into the soil 2) and 6), some gradually penetrates below the root 7) 

while the remaining gets stored in the root 8).  

Effective rainfall (8)=(1) - (4) - (5) - (7) 

  

Effective rainfall 8) is total rainfall 1) minus runoff 4) minus evaporation 5) minus deep 

infiltration 7) only the root zone retained water 8) can be utilized by plants and is termed the 

“effective part of the rainwater.” (Irrigation Water Management:, n.d.).  Therefore effective 

rainfall is the fraction of the total amount of rainwater useful for meeting the water need of 

the crops. 

For this research two formulas will be used in determining total effective rainfall as a fraction  

Pe = 0.8 P 25 if P > 75 mm/month 

Pe = 0.6 P 10 if P < 75 mm/month 

with P = rainfall or precipitation (mm/month) 

 Pe = effective rainfall or effective precipitation (mm/month) 
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11) Starting our project in Berrechid 

Assume no rainfall which means IN = ET crop 

Irrigation take in average 3 hours daily 

For our surface area we need 7.5l/s which means that we need 

7.5*60*60*3= 81 000 l 

We need a water pumps that can provide  81 000 litres of water each day 

What is needed in this situation is water pumps that can offer 81 000 litres of water per day. 

Larger systems can provide around 140,000 liters per day from a head total of about 10 

meters. Therefore what is needed in this case is 1 water pump for our needs. The energy 

needs for the pump is 3kw per hour. These water pumps will be operating during 10 hours 

dayli, therefore 30kw of energy will be needed per day (3*10=30kw). Purchase will be made 

of solar panes which will produce 100w per hour in perfect conditions with a surface area of 

1.5 m². 

Water needed= 81000 liters 

Irrigation periode= 3 hours 

Pumping water periode= 10 hours 

Water pump consumption= 3kw 

Energy needed= 30kw 

Solar panels capacity= 100w 

Area of a solar panel= 1.5 m² 
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11.1) Calculating the output of our solar panels in Morroco, 
Berrechid Chaouia Ouardigha 

 
 

We got the following results for our location 

 

To produce 30 kw a day we need around 35 solar panels 

Peak Sun Hours = total solar panel power for the day / 1000w. 

We need a surface area of 1.5*35 = 52.5m² 
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11.2) Case when we have rainfall 

Assume we have rainfall but that it is not enough. In this case irrigation will also be 

needed. In fact Berrechid has a yearly average rainfall of 368mm/year equivalent to 

1mm/day while we need about 13mm/day. This fact prove that in most cases irrigation 

will be needed and i twill be hard to find a case in which rainfall will be sufficient for the 

crop 

12) My contribution 

For every 1 km above sea level the output of the solar panels increase by 0.03kw 

We already said that y=ax, a depends on the climate and could be 0.5, 1. Or 1.5 while x is the 

surface area 

We get y which is how much liters we need per second 

For no rainfall, irrigation take 3 hours which means we multiply y by 

3*60(seconds)*60(minutes) 

We got then how much water is needed per day  Q 

Large water pump works 24 hours a day to give 140 000 liters 

If Q<140 000 then we do this formula 24*Q / 140 000= number of hours n for which the 

pump will be working 

Pump consume 3kw per hours which mean the total energy needed is  

N * 3= K which is how much energy do we need 

To know how much solar panels do we need then we divide K/(0.48+0.03m) 

Where m is the latitude above sea level in km 

For all what I did above we can say that by knowing the climate and the surface area we can 

estimate how many solar panels we need 

Here is the global formula 
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(6 A*X )/ (0.48+0.03m)= N  

 

A the climate 0.5 or 1 or 1.5 

X the surface area in hectare 

M the latitude above sea level in km 

N number of solar panels of 100w needed 

The price for 1 solar panel is 380 which means that the price will be N * 380 

This equation is applicable for Berrechid 

 

The global formula for other places  

 

(A*X*H*24*C)/ (Q*(0.48+0.03M))=N 

 

A the climate 0.5 or 1 or 1.5 

X the surface area in hectare 

m the latitude above sea level in km 

N number of solar panels of 100w needed 

H irrigation period 

C consumption of water pump 

Q water pump capacity 
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13) Cost saving 

Diesel engine 

 

We need irrigation for 3 hours a day which means about 1800 hour a year 

Diesel water pump engine needs 20 kw 

The consumption of the diesel engine in 1 year is then 36000 kwh 

 

The diesel engine consumption is about 0.3l/kwh 

 

The quantity of diesel needed per year is then 10 800 liters 

  

The price of 1 liter diesel is around 8 dh/ liter 

 

The cost of the diesel water pump consumption is then 8*10 800=86 400 dh 

Solar panels 

 

We need 35 solar panel 

The price of a s 100w solar panel is 380 dh 

The price of 35 solar panel is then 38000 dh 

This means that the solar panels will not exceed one year to cover their cost 
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14) Regression Analysis 

1) Data

 

2) Results 

 

As the climate and the surface area increase, the number of solar panels needed increase 

while as the altitude above sea level increase, the number of solar panels needed decrease 
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