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ABSTRACT 

 

Humans have to protect the planet for their continuity and one of the most doable solutions is 

switching to renewable energies produced from natural sources such as sun rays or wind 

instead of fossils such as coal,oil,and natural gas. Renewable energies became the focus of 

most countries around the world since they are the opening door to a fossil-fuel-free world. 

They allow the generation of energy and at the same time reducing carbon emissions hence 

decrease monthly consumption and amounts paid on the bills .  

Morocco has a real asset with  a very  high potential in renewable energies through solar and 

wind energy. With more than 3600 km of coast and wind  up to 11m/s  the wind potential of 

the Morocco is more than 25,000 MW and a solar potential more than 20,000 MW since it 

benefits from a daily average of 4.7 KW / m² of sunshine. The previous reasons pushed 

Morocco to embark  in an ambitious renewable energy program for a  period of 10 years, and 

it will  create a radical  change in the energy supply mix. 

The case study of this capstone will be about a refrigeration unit that allow farmers to store 

their harvest in order to be able to sell all year round if the season of harvesting does not 

coincide with the  period of consumption. This type of industrial units is based on the 

production of cold which requires a lot of energy up to 30% of the overall electricity 

consumption of a local. In this context, a combined solar and wind hybrid will be designed to 

generate energy. The latter will allow us to decrease and optimize energy consumption. The 

aim of this research is to power a refrigeration unit using  renewable energy systems. 

Keywords : Renewable energy , Solar , Wind , Hybrid . 
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CHAPTER 1 : INTRODUCTION 

In our time , the world is facing a lot of challenges that require an immediate intervention one 

of them considered to be the greatest one which is the ecological transition. The African 

continent has a strong potential which is still under-exploited, and it has been forecasted that it 

will be facing a large energy demand in the coming years. Hence, Africa must exploit its 

natural resources since it can be a key player in sustainable development, especially on solar 

energy. Energy needs are growing all over the planet an Morocco is no exception to this rule 

as the rise in consumption energy shows. 

Morocco  imports up to 95% of the energy that it is consumed since it has neither oil 

resources nor natural gas reserves[1]. The reason that pushed the government to invest in 

renewable energies and set up a new strategy for energy consumption to be independent from 

fossil foils. It  has been ranked in the ten conscious countries concerning  climate change and 

reduction of  CO2 emissions and developing the renewable energy sector [2]. In that context, 

Morocco organized COP22, in Marrakech, as expressions of  its deepest concern about 

preserving the planet. 

The challenge was to generate energy that will meet the annual demand growth of 5%and 

reduce the 95% energy dependence . Since 2009, Morocco has adopted,  in the framework of 

the High Royal Orientations, an ambitious a new energy strategy, taking into account the 

challenges of Morocco and moving towards the power of renewable energy and  the 

development of energy efficiency. This strategy was developed with clear objectives and 

projection to the future, accompanied by legislative, regulatory and institutional reforms, in 

order to improve permanently the attractiveness of the Moroccan energy model. The main 

objective is to reduce energy dependence and in order to reach it programs were implemented 

to increase energy production from renewable energies to reach around 10100 MW by 

2030[3]. Morocco's energy dependence dropped by about 4.1% in 2017  the result of the 

improvement  of renewable energy programs that have increased wind and solar energy in the 

energy mix of the country. Now, the strategy is  very encouraging since Morocco's electricity 

system balances supply and demand and guarantees a very satisfactory reserve margin. For 

solar energy, the installed capacity currently reaches 180 MW after installing 160 MW in  the 
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solar power station  Noor Ouarzazate I[4]. And concerning the wind energy ,a plot of 15,000 

hectares was installed  to produce thanks to the wind of the Sahara 900 megawatts of energy 

to power blockchain data centers used in particular to "undermine" crypto-currencies, such as 

Bitcoin.  

Renewable energies became a  relevant choice for Morocco, since they accelerate the 

economic development ,eco friendly ,and  help strengthening  the country's energy 

independence . 

Today, Morocco's strategy demonstrated its effectiveness and relevance by enabling the 

kingdom to become an energy-producing country  while it was relying entirely on foreign 

sources to meet their needs of oil and gas. Moreover ,Morocco is distinguished at both the 

regional and the international level in the field of energy transition. Indeed, the Kingdom is 

outperforming the Middle East and North Africa (MENA) region and manages to superpass 

many countries on the development ladder. In fact,  the energy transition refers to the gradual 

abandonment of certain energies notably fossil fuels, in favor of other, essentially renewable 

energies accompanied by energy efficiency actions. Morocco is ranked 47th out of 115 with a 

score of 58 % among the countries covered by the second edition of the Energy Transition 

Index (ETI) which has just been published by the World Economic Forum (WEF). In the 

ranking ,Morocco stands better than biggest economical power such as South Korea (48th) 

and China (82nd) [5]. 

 

1.1 Description of The Project :  
The management of energy by decreasing fuel,oil, coal,and natural gas and switching the 

renewables became crucial. Consequently, this technology will impact the environment 

positively since it has less harm than fuels in different levels;for instance, global warming 

emissions,water pollution , and air pollution. The impact  depends on the technology used ,but 

it remains environmentally friendly . For this purpose, an engineer works on understanding 

the current  situation of the environmental issue and the potential situation to save the planet 

and to serve the humanity by both a clean environment and a less costly bills  . This capstone 

project’s goal is to use two renewable energy sources along with a grid connection to supply a 
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refrigeration unit with electricity. It  aims to explain the technology of renewables and its 

impact on the environment, and apply it to a refrigeration unit . The purpose behind the design 

of a hybrid system and its optimization is to adopt the new technology of  renewables , save 

the environment , and minimize the cost of electricity bills . The feasibility of the project is 

crucial so  analysis were conducted  before the realisation of a  project. The purpose  is to 

analyze and justify  the technical feasibility, business viability and cost-effectiveness of the 

project. The case study of this capstone project is a refrigeration unit of a Moroccan farm 

located in Taza that will switch to renewables instead of fuels.  The farm has a refrigeration 

unit or cold storage room which is used for storing fruits and vegetables for a longer period 

after harvesting them. The refrigerating units will work 24h/24h for months so it requires a 

continuous power supply being electricity. As long as we will supply the refrigeration unit 

with electricity it won’t harm the continuity of the project. Moreover, the suggested hybrid 

will definitely solve the problem, and will have a positive impact on the community and the 

environment . And it will eventually decrease the price of the bills . Then, the lower the 

consumption of electricity, the lower the billing price that the owner will pay by the end of 

each month. The feasibility analysis allowed me to discovered some challenges also such as 

the availability of data , and the handling of each software used that simplify the visualization 

of the project . 

 

1.2 STEEPLE Analysis : 
STEEPLE analysis is a tool that gives an overview of different fields and the external factors 

whom they are related to renewables in Morocco . By analysing different factors , we study 

the different sides of this project ,show the  positive impacts of  switching to renewables , and 

show its feasibility. This tool deals with seven different fields:  

● Social :  

 The field of renewable energy knows a large growth in Morocco since we witness the 

opening of many power plants all over the kingdom. It  will offer job opportunities for 

Moroccan citizens , so it will reduce the unemployment rate in the country. Also, as it 

is stated the goal of this project is to optimize energy consumption and decrease the 
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expenses spent on the payment of electricity bills sp it will  impact the financial and 

hence allowing the company to work on other field with a better  economical lifestyle 

● Technological  : 

 The  utility  of technology is very important and needed  because it will allow the 

generation of the simulation results,graphs, and analysis. The margin of error will be 

very low since the generated data will be more accurate and manageable . In addition 

to that , the field of energy is a new field that requires an application of technology . 

 

● Economical : 

The hybrid will allow the refrigeration unit to generate electricity at a local level 

which means within the company. As a consequence , it will lower the energy 

consumption and the expenses. The savings can be used in the development of  other 

departments that requires maintenance. 

● Environmental : 

The main reason behind switching to renewable energies is rescuing the environment. 

Then, using renewable energy has a direct impact on the environment such as reducing 

carbon dioxide and other toxic gases .  

 

● Political : 

Before implementing any project in the kingdom it is mandatory to analyze the politics 

and the regulations that controls the country . The Moroccan government is trying to 

orient all the citizens to switch to renewables as source of energy . In that context , it 

did add to its constitution a clear statement that shows the right of each Moroccan 

citizen in investing in renewables. 

● Legal : 

As it was stated in the constitution , it is legally allowed to use such technology in the 

Kingdom as long as it doesn’t cause any harm to the population .  
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● Ethical: 

As this project is mainly done for humans and environment it is by nature controlled 

by ethics. Except one factor “safety” the company should take all safety measures to 

avoid any incidents in the location where the plant will be installed . 

 

CHAPTER 2 : LITERATURE REVIEW  
 

For two centuries, humans have produced too much greenhouse gas, by burning 

fossil fuels (gas, oil, coal) to heat or move.  The greenhouse effect is a natural phenomenon 

that  rises the  temperature on the surface of our planet. It is mainly a result of  human 

activities that affect the chemical composition of the atmosphere and lead to the emergence of 

an additional greenhouse effect, largely responsible for the current climate change. In order to 

avoid the increase of the greenhouse effect and the destruction of the ozone layer, it is crucial 

to switch to renewable energy that is less dangerous for the environment. Renewable energies 

are a way to generate energy from theoretically unlimited sources or resources, available with 

no time limit or replenished more quickly than they are consumed. 

Morocco has several solar and wind assets that put it in a position of strength against several 

neighboring countries. Indeed, it benefits from sunshine of 300 days per year, and the wind 

speed reaches an average of 9m/s in coastal areas in particular, in addition to significant water 

resources. To take advantage of these assets, energy strategies have been put in place, 

accompanied by a precise regulatory framework as stated in law n ° 13-09 on renewable 

energies which aims to promote the production of energy to from renewable sources[6], its 

marketing and export by public or private entities. 

 

2.1 Solar Energy in Morocco : 
The sun is a clean, abundant, and inexhaustible source of energy and almost evenly distributed 

over the globe. Earth receives only a tiny part of the rays projected by the Sun, but this 

remains sufficient to cover 10,000 energy of all humanity [7] .Collecting the sun rays and 

producing solar energy can allow  meeting  the energy needs of humanity for a year. Even 
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though the localisation  is different the number of hours of sunshine is equal everywhere since 

we belong to the same planet [8]. 

Morocco, country of sun, has a very important solar field hence a favorable solar potential 

reaching 3000 hours of sun rays per  a year and average irradiation of more than 5 KWh / m². 
 

 

Figure 1: Solar potential in Morocco 

 

Solar energy has the ability to replace conventional energy sources in many applications, 

particularly in electricity production. Hence, Morocco intends to massively exploit this clean 

and inexhaustible energy in the next ten years. In that context, the Moroccan government 

embarked on  the Solar Plan to reduce Morocco’s dependency on imported fossil fuels which 

will have three objectives: security of supply, the availability of energy and the preservation 

of the environment. The aim  is to value this national resource and to create a competitive 

advantage in renewable energy [9] .  An investment of 6.8 billion EUR has been mobilized on 

the Solar Plan will  generate 2,000 MW by 2020 which is a reduction of  14% of Morocco's 

energy needs hence improve the percentage of energy supplied by renewable sources from 

5% to 42% [10] , save 1 million tonnes-equivalent-oil (PET) , and prevent the emission of 3.7 

million tonnes of CO2. MASEN (Moroccan Agency for Solar Energy) the company that lead 
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the sector of renewables transforms natural energy into development energy to  establish 

viable and profitable ecosystems . MASEN identified  5 different sites in the kingdom  for the 

installation of the plants  : 

●  Ouarzazate (560 MW) : generate 1,150 GWh on an area of 2,500 hectares. 

●  Foum el-Oued (500 MW)  

●  Sebkha tah (500 MW); 

● Ain Beni Mathar (400 MW); 

● Boujdour (100 MW). 

 

The first part of  the Solar Plan  was Noor, in Ouarzazate, spread over more than 3,000 

hectares  it contains  now four multi-technology solar power plants with complementary, and 

innovative technologies. Starting by installing a capacity of 160 MW through  Concentrated 

Solar Power (CSP) technology, Noor I plant was set up across 480 hectares, to deliver over 

520 GWh per year, equivalent to the consumption of 630,000 people. 

Moreover, to a thermal storage capabilities it  offers up to three hours of electricity at full 

power, even after sunset, allowing the network to adapt  to the national consumption peak 

observed in the evening. The second phase of the plan is  Noor II plant with 200 MW 

developed on a surface of 680 ha, based on solar thermal technology (CSP), with 

cylindro-parabolic sensors. The third phase Noor III power plant is developed on a surface of 

750 ha using thermo-solar technology (CSP) with Tower, and will have a power of 150 MW. 

The fourth and the final phase Noor IV  with 72 MW installed over 137 ha will be using 

photovoltaic technology (polycrystalline photovoltaic with tracking system). [11]  
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Figure 2: Noor I in Ouarzazate Figure 3: Noor II in Ouarzazate 

 

  

    Figure 4: Noor III in Ouarzazate  Figure 5: Noor IV in Ouarzazate 

 

 

Once the four power plants become operational, Noor Ouarzazate will allow Morocco to 

position itself as a regional and global producer of clean energy. The Noor Ouarzazate site is a 

"visionary" project that reflects Morocco's strategy in the energy sector. 

 

2.2 Photovoltaic solar energy installation system : 
The extraction of energy from the sun can be done in two ways either through heat or light. 

The one using heat is called solar thermal system which transforms sunlight into heat that will 

run a heat engine, and turns a generator to produce electricity. The heated fluid by the 

concentrated sunlight can be a liquid or a gas. The second one is solar pv system that consists 

of  converting directly the sun's light into electricity.  The difference between both systems 

besides the way of extraction of energy is  that solar panels are only effective during daylight 
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hours, and storage is not efficient while the storage in thermal process is efficient and easier. 

[12] 

 

Figure 6 : The difference between thermal and Pv system. 

 

Photovoltaic systems are classified because of their functionality,requirements,component, 

and how the equipment is connected to other power sources and electrical loads. There are 

two different types of solar systems which are grid connected and off-grid. 

● Grid connected: 

Grid-connected PV systems operate along with the electric utility grid the supplier of the city. 

It is composed of an the inverter that  converts the DC power produced by the PV into AC 

compatible the voltage and power quality requirements of the utility grid, and it stops 

supplying power when there is no more energy. 
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Figure 7 : Grid tied PV system. 

● off - grid : 

Off-grid power systems or stand alone PV systems work independently from the electric 

utility grid which make of them  ideal for powering rural areas and applications where 

electrical grid is unavailable to provide power for lighting, or other uses . The generated DC 

power is stored in batteries and converted to AC power for household or commercial use [13] 

.  

 

 

Figure 8 : Off-grid  PV system. 
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2.3 WIND ENERGY IN MOROCCO :  
The wind is a free, clean and inexhaustible energy source unlike fossils who generates toxic 

gases.It has served  mankind well for many centuries for driving wind turbines to grind grain 

and pump water. Then interest in wind power lagged when cheap and plentiful petroleum 

products became available.  

Africa has always been known in the field of renewables energies by solar energy , but in the 

last decade some studies has shown that the African continent has the ability to exploit wind 

energy. Few attempts have been made to analyse the potential wind energy in Morocco and 

some experimental work at laboratory level has been conducted, but none of them have been 

extensive . In that context, Morocco assessed  the feasibility generate electrical power from 

wind energy and include it in its plan of renewable energies where multiple projects were 

inaugurated or in the process of being completed. As part of the energy plan, Morocco is 

committed to a vast wind program, to support the development of renewable energy and 

energy efficiency in the country.Along the period of 10 years and with an total investment 

estimated at 31.5 billion dirhams Morocco plans to bring the installed power from 280 MW to 

2000 MW[14]. 

 

Figure 9 : Wind regimes in Morocco. 
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Morocco has a significant wind energy potential, more precisely in the North and South; for 

instance, Essaouira, Tangier and Tetouan with an average annual speed between 9.5 to 11 m / 

s at 40 meters , and Tarfaya, Taza and Dakhla with an average annual speeds between 7.5 m / 

s to 9.5 m / s at 40 meters [15]. 

The wind energy plan goes along with  the solar plane with the purpose of developing 

renewables energies . In that context , the government launched in 2010 the Integrated 

Moroccan Wind Energy Program.  The latter consists about the construction of five wind 

farms at Tangier, Taza, Teloua, Tiskrad, Laayoune and Boujdour. These five  projects should 

bring the installed wind power to 2000 MW by 2020. 

The plan started by the city of Tarfaya, in southern Morocco, with an investment of 5 billion 

dirhams it  hosts  the first wind farm in Africa with purpose of  generating  301.30 MW 

through 131 turbines. The farm is  spread over 8,900 ha , certified by CDM (Clean 

Development Mechanism) , and the energy produced will be supplied directly to the ONEE 

with whom they signed 20-year purchase agreement. Then in Akhfennir (100 km north of 

Tarfaya), another  wind farm  61 turbines spread over an area of 2,000 ha with a capacity of 

101.87MW. In Foum El Oued (22 km south of Laayoune), a 50.6 MW wind farm has 22 wind 

turbines. In the north of the Kingdom, the Melloussa wind farm, 34 km away from Tangier, is 

composed of 165 wind turbines, including 126 wind turbines at Dhar Saadane and 39 wind 

turbines at Beni Mejmel[16] . 

 

 

    Figure 10 : Tarfaya’s wind farm Figure 11 : Akhfenir’s wind farm 
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Adopting the wind power Morocco will produce 6600 GWh, which is equivalent to 26% of 

the  current electricity produced . Hence , Morocco will save up to  1.5 million tonne of oil 

equivalent (TOE) annually or 750 million US Dollars per year and avoid  the emission up to 

5.6 million tons of CO2 per year. The wind power is extracted through wind turbines 

converts  the kinetic energy of the wind into mechanical energy .The principle of wind turbine 

is simple: the wind turns blades that turn the generator that transforms the mechanical energy 

of the wind into electric energy. The wind power extracted is directed to either the grid or to 

storage batteries. 

Wind turbine has many advantages such as generating electricity to rural areas , leaving space 

on the land to be used for farms , and it is available in many sizes . Yet, it is also a double 

edge weapon since it may generate a lot of noise , is appropriate for coastal regions where 

wind is  throughout the year , and may disrupt electromagnetic signals  in radar, 

telecommunication and navigation. 

 

2.4 Electricity sources and consumption in Morocco:  
The Office National de l'Electricité et de l’Eau (ONEE) is the traditional integrated state 

owned entity which operating in the Moroccan electricity. Starting 1994 ,the Moroccan 

market opted for private companies in the electricity sector. In 2016, the total capacity of 

8300 MW was installed [17].  

 

Figure 12 : The distribution of the installed capacity. 
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The figure above shows the distribution of the installed capacity.  In addition to that, Morocco 

imports electricity through regional interconnections the  grid is connected to Algeria through 

a 1200 MW and to Spain through a 1400 MW . Morocco has been a net importer from Spain 

while the Algeria Morocco exchange is almost balanced. 

In the last decades, the total electricity consumption in Morocco knew an increase due to the 

continued growth in the population and the industry. 

 

 

CHAPTER 3 : ENERGY NEEDS IN INDUSTRIAL 

REFRIGERATION UNIT  
The purpose of this case study  is to supply the refrigeration unit with electricity from 

renewable energies. For that reason, I will analyse the bills of electricity consumption of one 

year in order to see where does it stand in terms of consumption. Then , the results will be 

used to work on the optimization of the consumption where I will evaluate the consumption 

using three different optimization methods.Then, the resultant electricity consumption of the 

year will be used to calculate the required solar power and wind power . The latters will be 

used in different software to obtain the pv and pw that will be generated by the solar panels or 

the wind turbine.  

3.1   The location of the industrial refrigeration unit :  
The case study of this capstone is a farm located in Taza that owns a refrigeration unit where 

harvest is stored to be used later on . Taza is a city located in the center of northern Morocco 

in the 'Taza corridor' which is  a mountain pass where the Rif Mountains and the Middle Atlas 

are joint .Taza has a pleasant Mediterranean climate with cool winters and hot summers. 

Morocco's ambitions are increasing  in terms of renewable energy , and Taza is one of the 

cities that were chosen to host a 150 megawatt wind farm [18][19].  Which makes of the 

chosen location suitable for the installation of of a wind turbine due to the availability of wind 

at a medium speed . Concerning the irradiation , Taza is a city that receives tons of sunlights 

each day , so installing solar system is doable . 
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The farm is spread over a surface of  2000  m²  that contains an agricultural land , refrigeration 

room , and an unused land . 

The owner suggested to use the unused land since it cannot be used for agriculture since the 

soil is not fertile. It is a a large surface of 1391  m². 

 

Figure 13 : The surface of the farm 

 

3.2   Data analysis of the refrigeration unit : 
The data collection was the done at the level of the owner of the refrigeration unit who 

provided us with the bills of electricity of 2017. The analysis of the bill is the first step to 

control the consumption of electrical energy. The optimization of some parameters allow to 

reduce energy consumption and  realize significant financial savings.  

Unlike what the Moroccan citizens think there is no increase in the price of electricity bills 

they only pay  what it has been actually consumed.This idea is built on the fact that they only 

check the amount to pay and they don’t emphasis  on the details in the back.The bill is based 

on the monthly statement recorded by the digital meter who is programmed to memorize old 

and new indexes. The amount charged to each customer for their monthly consumption of 

electricity  is the sum of the royalties . 
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In order to understand it a deep analysis of the bill should be done and understand each 

component independently and discover the relationship between each if there is any . 

 

 

 

 

Figure 13 : Front page of electricity bill ONEE 

There are two important and essential elements in this part : The amount TTC to pay for the 

period of consumption ,and the consumption history of previous months. There are general 

information that the consumer pay attention to while they don’t give details about the 

consumption. 
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Figure 14: Back page of electricity bill ONEE 

The back page contains a lot of information concerning the monthly consumption of the 

client, but the main components are : 

●  Installed power: The nominal power (in kVA) of the MT / BT transformer of the 

customer. 

● Type of metering: MT electricity meters measure the monthly consumption of 

subscribers. There are two types of counting : upstream and downstream . 

● Subscribed power:  The contractual power fixed in the contract of connection to the 

network MT (in kVA) and what the customer can exploit in the distribution network. It 

is an indication of maximum power that should not be exceeded, and if  crossed  a 

surcharge will be charged. 

● Called power: The maximum apparent power (in kVA) called during a month. 

● Hourly consumption :  there three time slots and each has a specific price per kWh 

varies. 
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Ranges Winter Summer 

Pick hours 5:00 pm-6:00 pm 
8:00 pm-10:00 pm 
 

6:00 pm-7:00 pm 
9:00 pm-11:00 pm 
 

Full hours 7:00 am - 5:00 pm 7:00 am - 6:00 pm 

Off-peak hours 10:00 pm - 7:00 am 11:00 pm - 7:00 am 

 

Table 1 :Hours ranges for consumption in winter and summer. 

 

● cos(φ) or Power factor: the ratio between the active power and the apparent 

power:   cos(φ) = P (kW) / S (kVA). If the value of cos(φ) is less than 0.8 

additional costs are added to the electricity bill. 

● Royalties : The monthly amount invoiced is the sum of  royalties calculated 

according to the elements mentioned above. 

The “Office National de l'Electricité et de l'Eau Potable” divide its pricing over three different 

ranges hourly . 

 

Prime fixe MAD/kVA/year 449.67 MAD 

Royalties of consumption  
(kWh) 

Pick hours (PH) 1.24185 

Full hours (FH) 0.88606 

off-pick hours (OPH) 0.64895 

 

Table 2 : Price of each range for consumption. 

 

Calculations : 

The royalties of consumption (RC) is charged monthly as follows : 

 RC= (PPH*CPH)+(PFH*CFH)+(POPH*COPH) (1) 

with : PPH = Price of kWh per unit of pick hours . 
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CPH= Active energy consumed during pick hours . 

PFH = Price of kWh per unit of full hours . 

CFH= Active energy consumed during full hours . 

POPH = Price of kWh per unit of off-peak hours . 

COPH= Active energy consumed during off-peak hours . 

The royalties of power (RP) depends on  the power subscribed according to the following 

formula: 

RP = (PF/12)*SP (2) 

with   PF= Fixed prime . 

          SP = Subscribed power . 

In the case of excess in  subscribed power ( ESP) a penalty is applied and added to the bill : 

 ESP = 1.5*PF/12*(CP-SP)                   (3) 

with   CP = Called power . 

 

 
The data collected from the bills were converted into an excel sheet in order to compare each 

month with the others , identify the factors that impact the bills , and find a way to optimize it. 

 

  
Figure 15 : Bills of electricity of  2017. 

 

26 



Some data were taken from the bills and others were calculated like  the  power subscribed, 

royalties of power,and excess in  subscribed power  using equation (1) , (2) , and (3) . 

According to figure 14 , the consumption varies from a month to another hence the total 

amount paid varies too. During January , February , March , and April the consumption is 

very low and almost non-existent . 

 

CHAPTER 4 : OPTIMISATION OF ENERGY 

CONSUMPTION IN INDUSTRIAL REFRIGERATION 

UNIT 

 

4.1 SUBSCRIBED POWER  
The called power must be as close as possible to the subscribed power. In the case where it is 

much lower  it is necessary to reduce the subscribed power to reduce the power charge. 

And if the called power is greater than the subscribed power, it is necessary to calculate 

whether the increase of the subscribed power up to the level of the excess does not cost more 

than the cost of exceeding the power billed. 

The modification of the subscribed power will  keep it in a correct margin to avoid penalties, 

when there is an overrun . It  is an action that reduces the cost of the electricity bill without 

investment. We tried to look for a new power to subscribe so that the penalties decrease.  

The power demanded by the refrigeration unit must not exceed the subscribed power, in case 

of exceeding this power the owner pays a penalty. 

In order to obtain the optimale new subscribed power, we used  Excel software tool called 

SOLVER . This tool aims to automatically calculate the optimal value by entering the formula 

of excess in  subscribed power . 
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4.2 IMPROVING POWER FACTOR COS(φ)  
When the power factor is less than 0.80 during a month the total amount of royalties owed by 

the customer for its monthly consumption will be increased by 2%, for each deficiency of the 

power factor found. If there is a deficiency of the power factor , it is recommended to improve 

it by checking the dimensioning of the reactive energy compensators  by measuring the 

reactive energy consumed and to compare it  with the one of the compensator. If the 

compensator is undersized, there is a reactive energy consumed greater than the one of the 

compensator. 

Power factor is the ratio of active power and apparent power. The power provided by the 

supplier is called apparent power (kVA). The latter is broken down into active power (kW) 

that provides motors with the energy needed to perform mechanical work and uses resistance 

loads such as heaters and incandescent lamps, providing energy for movement, heat, light and 

sound and reactive power (kVAR) used to create the magnetic field needed to drive rotating 

equipment such as motors, compressors, etc. 

The Power Factor is calculated by the following equation: 

cos(φ) = S
P  

with P= os(φ)√3 * U * I * c  

        S= √3 * U * I  

 

U: The tension. 

I: The courant . 

 

A power factor less than 0.8 causes voltage drops and energy losses on the network, which 

makes it necessary to oversize plant installations at your electrical panel. By improving the 

power factor, you can reduce your kVA load demand and potentially improve equipment 

performance. 
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Figure 16 : Variation of cos phi 

In our case , cos(φ) doesn’t have a stable evolution and it goes up and down from a month to 

another . There are three months were the power factor goes under 0.8 whom they are April , 

May , and June  and it is due to the increase of the temperature hence the refrigerators should 

be cooled even more . A  power factor under 0.8 has several consequences, both for the 

energy producer ONEE and the consumer. The producer will need to have larger transformers 

,higher voltage at the start of the line, and lines of higher section, the losses will increase, and 

the capacity of the electricity network will be reduced. And the customer will be subject to 

penalties , and larger investment in transformers and cables . 

 

4.3 MIGRATION TO OFF-PEAK HOURS  
To take advantage of the price variation per kWh per different hours, it is better to switch the 

production during off-peak hours and to avoid peak hours as much as possible. However, in 

our case this solution is not possible and not doable because the refrigeration cannot stop 

operating . But , it remains a good optimisation technique for companies that can migrate the 

production and its operations during off-peak hours . 
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CHAPTER 5 : ASSESSMENT OF DIFFERENT 
ENERGY SOURCES 
 

5.1 Solar energy as a source of electricity for the refrigeration unit 
 
Solar needs assessment is the evaluation of the amount of energy used per a day and 

calculation of the amount solar power required in order to meet the needs of the 

refrigeration unit . 

Before installing the solar panels in the refrigeration unit we had to assess the  power needs. 

By summing up the power consumptions of each fridge and any other loads that the 

refrigeration unit use. We based our assessment on the electricity bills of a whole year 

collected from the owner of the refrigeration unit . When analysing the bills , the highest 

consumption was detected  during the full hours in each month which pushed us to use it in 

order the extract the power required. 

 

 

Table 3: Consumption during full hours . 

 

At first sight , the consumption throughout the year doesn’t have a constant value or a trend. 

In order to go deeply in the analysis we generated a graph from the data above and analyse it . 
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Figure 17 : Consumption during full hours. 

The consumption is low from November until June  and it doubles during July , August 

,September , and October. The increase in the consumption is due to the harvesting period that 

is done by the end of june then the owner stores the harvest in the fridge . While being stored 

until the period of sales the consumption of electricity increases since all the fridges are 

working . 

Based on the given data we calculated the monthly needs that should be covered , yet we had 

two choices either using the average being 1839.083  or the maximum 3626 of the 

consumption during the year .  

 

 

5.1.1  POWER SUPPLY  METHODS FOR THE 

REFRIGERATION METHOD 

● Case 1 : The maximum  

When using the maximum  it will definitely satisfy the needs of each month , but we will have 

a surplus of energy that will be wasted . While our purpose is to satisfy the needs using 

renewable energies with a purpose of not wasting energy and being friendly to the 

environment. 
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Table 4 : Powering using the maximum 

In the case of the maximum we will obtain a waste in 11 months over 12  for a better visibility 

we generated a graph to see the difference between the given power , the needs, and how the 

shortage and the waste varies . 

 

Figure 18 :Powering with the maximum  

 

For instance , In January we have a need of 400 Kwh and we supply it with 3626 Kwh which 

gives us a waste of 3226 Kwh that will not be used even if we add batteries to the system. 

Because the waste is accumulated during each month which will give us by the end of the year 

a waste of 21443 Kwh . This strategy will give us almost the double of the needs that we 

actually need to power the system . 

 

●   Case 2: The average 

The average will satisfy the needs of the months were the consumption is below or equal to 

the average and not the ones were the consumption is high . The shortages during the months 

were the consumption is not fully meet using the power measured by the average can be 
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covered in two ways: by storing the excess of the previous months and user it for the months 

were there is a shortage or switching to grid . 

 

Table 5 : Powering using the average 

In the case of the average we will obtain a waste in 6 months over 12 and a shortage in  6 

months over 12. For a better visibility we generated a graph to see the difference between the 

given power , the needs, and how the shortage and the waste varies . 

 

Figure 19 :Powering with the average 

 

There’s less waste in this strategy compared to the first one . For instance , In January we 

have a need of 400 Kwh and we supply it with 1839.083 Kwh which gives us a waste of 

1439.083 Kwh which is half the waste earned in the previous strategy. The waste can be used 

in other applications that require electricity supply or stored to be used later on if using 

batteries .  Unlike the first method we obtain  shortage in 6 months ; for instance, in July we 

have a need of 3538 Kwh and we only power it with 1839.08 Kwh which gives us a shortage 

of -1698.92 Kwh . This shortage can be solved either by  using the stored power and it will 

reduce the months where we have shortage from 6 to 2 months or by switching to the grid . 
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The project consists of a hybrid system connected to the grid so this strategy is more 

compatible with our case study . 

 

5.1.2 APPLICATION OF THE CHOSEN METHOD OF 

SUPPLYING THE REFRIGERATION UNIT  
For a better impact on the environment we chose the average method as it has positive impact 

on preserving the environment and it goes along with the topic of the research . 

We converted the monthly average 1839.083 into daily average in order to calculate the power 

which is calculated using the following formula : 

 

 

(Kwc)P = η  Irr*
E Illuminance*  

 

with :  

E: Energy load Kwh 

Illuminance : constant  1 (Kw/m²) 

η : Efficiency 0.6 

Irr : Solar Irradiation ( Kwh/m²/day) 

 

The part missing in this equation is the solar irradiation which is the sun’s radiant energy 

incident over a surface of unit area expressed in Kwh/m²/day .We measure the amount solar 

power in the location , and it varies from a day to another and from  a season to another 

depending on sun’s position in the sky, and the weather. Since the amount of electricity 

produced by a solar panel depends on the amount of sunshine at the location of the 

installation.Therefore irradiation  is essential to design  a photovoltaic installation. 

The Photovoltaic Geographic Information System (PVGIS) is a web-based system that 

provides climate data and tools needed for the performance assessment of photovoltaic (PV) 

technology in Africa and Europe. PVGIS is linked to a Geodatabases and simulation models 
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whom they provide an easy access to users. It also contains interactive maps that help 

understanding the geographic dependency of the performance of the PV technology. 

Moreover, PVGIS offers high-definition solar irradiation (irradiation in kWh / m²) and 

temperature maps for Europe, Africa and the Near East. Once on PVGIS, the first thing to do 

is navigate the map to find the site where solar panels will be installed. And it can be done in 

two ways by clicking on a point on the map to choose the location of your panels or by 

entering the geographic coordinate of the location .  

 

Figure 20 : PVGIS simulation  

Then you have to fill in the following some elements in the system : 

●  Radiation database: Select the sunshine database you want, leave "classic PVGIS" by 

default. 

●  PV technology: The type of photovoltaic panels, select the type of panels that 

corresponds to your installation. The available choices are between crystalline 

photovoltaic panels (mono or poly),thin-film panels type CIS (copper and indium 

selenide),Cadmium telluride panels (CdTe) , and other photovoltaic technology 

(amorphous silicon, multilayer cells, etc ...) 

●  Peak PV power installed kWp: power of your installation in kWp. 

● Estimated losses of the system [0; 100]%: The losses of the system are related to the 

cables,  the efficiency of the inverters,temperature, and the reflection of the light on 

the panel. PVGIS give a default value of 14%.  

35 



● Fixed mounting options, Mounting position: integration type (support) of panels, and 

there are two options :free position which is a ventilated support and built-in which is 

building-integrated structure with little ventilation 

● Incline. [0; 90] °:  The slope of panels 

● Optimize inclination: PVgis can automatically calculate the optimal inclination 

according to the location (latitude) and orientation of your solar panels. 

● Azimuth: Orientation of the modules between -180 ° to 180 °  with East = -90 °, West 

= 90 ° South = 0 °) 

●  Optimize the azimuth: PVGIS can  automatically calculate the best orientation 

according to the latitude of the place and the inclination of your panels. 

● Output formats: choice of option regarding the format of the results simulation either 

through graphs that  display graphs of monthly and annual electricity production, and 

horizon that display  highlights the far horizon . And the report can be done in 

different formats: Website ,Text file , and PDF. 

 

the results obtained through PVGIS are the following : 
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Figure 21: PVGIS results  

 

This table shows the annual irradiation deficit of the chosen location with Hh being the 

irradiation on horizontal plane (Wh/m2/day), Hopt being irradiation on optimally inclined 

plane (Wh/m2/day), H(50) is the irradiation on plane at angle 50deg  (Wh/m2/day), DNI 

Direct normal irradiation (Wh/m2/day), and Iopt: Optimal inclination (deg.)  

The irradiation is calculated using the irradiation on an optimal inclined plane by : 

    rr I = 1000
Σhopt/12  

= 5.99 Kwh/m²/day 

The irradiation was extracted from pvgis then plugged in the previous equation of power :  

(Kwc)P = 61.3 1*
0.6  5.99*

 

  =17.05 Kw c  

 

 

 

37 



 5.1.3  CHOICE OF SOLAR PANELS :  
When installing photovoltaic solar panels, it is very important to select the most suitable 

equipment for the location from the different types proposed in the energy market, and the one 

that will ensure you a high efficiency. The nominal power of photovoltaic panels helps in 

compare different brands or technologies of panels, on common and standardized bases. 

Regarding the efficiency , photovoltaic panels efficiency tends to decrease gradually when 

they are being used. The performance of a panel is generally guaranteed at 90% after 10 years, 

and at 80% after 20 years of use.  

In our case , we choose the “Schutten 320” mainly  for their high efficiency which means that 

will reach the required output , and their excellent module of  efficiency during weak light 

conditions; for instance, in early mornings and cloudy days.In addition to that , these panels 

have an excellent loading capability 2400 Pa wind loads which make of these panels strong 

ones. Concerning the installation these panels are easy to instal  and they don’t take a long 

time . 

 

Figure 22: Schutten 320 
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5.1.4  NUMBER OF SOLAR PANELS AND SURFACE 

COVERED 
The installation of solar panels requires one more step which is calculating the number of 

solar panels that should be installed . 

We used the following equation to identify the number : 

n = P P
P V  

with : 

PV= Photovoltaic needed (W) 

PP= Power of the solar Panel (W) 

 

After plugging the numbers we get : 

n = 320
17050   

    = 54 

Then we will need a total of 54 solar panels to generate the required output  which is 17050W. 

It is crucial to make sure that we have sufficient space where to install our solar panels and in 

the right position . So, we calculated the area that will be covered by the panels using the 

dimensions of the chosen panels along with the total number of the solar panels that will be 

used. 

The area occupied by one solar panel : 

A=L*W 

with :  

L : the length (m) 

W: the width (m) 
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Figure 23: Dimensions of Schutten 320 

 

We plug the numbers and get : 

A= 1.956*0.992 

   = 1.95 m²    

Then the total area that is occupied by 54 panels is : 

A total= n * A 

= 54*1.94 

= 104.77 m² 

Hence , the surface area that will be covered by solar panels is much less than the land given 

for the implementation of the projects so it is doable to install 54 panels . 

 

 

 

5.2 Wind energy as a source of electricity for the 
refrigeration unit  
 
As stated previously wind energy is an attractive technology that generates free fuel and it has 

a long lasting life since it is renewable.In order to decide which wind turbine to use we need 

to base our decision on the power needed and the power generated by the wind turbine. Which 
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lead us to do a wind assessment  as the evaluation of the amount of energy used per a day and 

calculate the amount wind power required in order to meet the needs of the refrigeration unit . 

Same as the solar power we based the assessment on the electricity bills collected from the 

client and mainly the full hours consumption . 

5.2.1 Potential Assessment of Wind Energy 

Before making the decision a potential assessment of the wind is crucial and it  refers to the 

theoretical amount of wind energy available in the chosen location. It is linked to the strength 

and especially to the regularity of the wind, which must not be neither too strong nor  too 

weak. Taza is a city that it is well-known by its windy climate in the hills but it doesn’t go 

beyond 15 m/s which is adequate for a power plant using wind turbine . The wind potential 

assessment is analyzed on the database statistics related to the measurement of wind speed. 

These data come from various sources, Ministry of Energy, Mines, Water, and Environment, 

thesis, and artisanal wind stations. These statistics are a compilation  over periods ranging 

from a months to ten years and it corresponds to the hourly average of  wind speed. The 

energy produced monthly by a wind farm is estimated using the parameters of the Weibull 

frequency distribution. In addition to that , we conducted the potential assessment using a 

software called RETscreen that allows to illustrate the feasibility, rate of return , and give an 

approximative final result.  
The wind potential is determined from the distributions of the average wind speed. The 

function that models this distribution is Weibull and it is expressed mathematically by its 

probability density function f (v) given by: 

   

with :  

   k : Weibull scale parameter (m/s) 

  c : Weibull shape parameter  
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Figure 24: Weibull data of Taza 

The distribution of the wind speed is an essential factor for the wind potential analysis since 

multiple wind distributions may have the same average speed. The curve of the power  of the 

wind turbine is non-linear, so the distribution of wind speed has a considerable influence on 

the performance obtained and the capacity of the integration of  the wind power network 

produced. The  distribution is shown in Figure 25 as a histogram of  frequencies vs. the wind 

speed that was drawn using the meteorological data shown above in Figure 24 . 

 

 

Figure 25: Weibull distribution 
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The distribution is calculated using the  Equation 3.1. that allows to determine  the Weibull 

form factor whose value characterizes the frequency distribution. We choose the value of the 

form factor that allows the best adjustment between the curve obtained by equation 3.1 and 

the frequency distribution. Hence, the obtained curve is added to the histogram symbolized by 

a white line in figure 26. 

 

Figure 26: Wind speed and weibull coefficient distribution  

 

Finally,  the origin and the direction of the wind is presented in the shape of a rose as shown 

Figure 27. It is a representation of  the frequency obtained for each 5 degrees from the origin 

of the wind. The annual data used have a step of 10 minutes analysis. The diagram shows a 

main direction of the wind oriented to West and  another  orientation is  observed at 

West-North.  
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Figure 27: Energy rose ( kWh/m²/year)  

The RETScreen software developed by researchers at the Canadian Ministry of Natural 

Resources to  evaluate the viability of renewable energy projects. It helps in decision making 

process, both technically in choosing the appropriate technology to be used and financially in 

determining the savings that the user would make when opting for renewable energy. It allows 

to evaluate the wind energy for grid connected applications since it calculates the renewable 

energy supplied to the electricity grid with taking into consideration the losses in the system . 

 

 

Figure 28: Retscreen software 
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Concerning the analysis of wind turbine it is done on 5 steps  to get the required wind 

assessment : Energy model , Cost analysis, Greenhouse gases analysis,Financial summary, 

and sensitivity analysis. Therefore , the primary objective is to evaluate the favorable 

conditions to establish  a wind farm and to evaluate the environmental impacts on a fragile 

and work-oriented environment such as the farm . The second objective is to establish the 

conditions and parameters for which the evaluation of the energy available at the farm is as 

accurate  and at the lowest cost, by using monthly ratios of average wind speed. 

 

5.2.2  Application of Chosen Method  
Following the same strategy as the solar plan , we did choose the average method as it has 

positive impact on preserving the environment and it goes along with the topic of the research. 

The  monthly average 1839.083 was converted  into daily average  in order to calculate the 

power which is calculated using the following formula : 

 

(Kwc)P = E
η  24*

 

with :  

E: Energy load (Kwh/day ) 

η : Efficiency 0.4 

24 : number of hours per a day (h) 

(Kwc)P = 61.3
0.4  24*

 

  =6.38Kw 

 

5.2.3  Choice of The Wind Turbine  

 
The wind power needed is directly related to the  energy consumption of the refrigeration unit. 

Therefore, It is crucial to make a small study of the energy consumption to determine the 

power of the wind turbine adapted to this consumption. To be effective, the chosen wind 

turbine must meet your real needs not less or more . So , it is  important to determine the 

purpose for which it is used . The calculation of the power done previously will help choosing 
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the type of the wind turbine that will cover the needs .As we found it earlier the power is 6 

Kw , then the most suitable wind turbine is Eoltec . 

 

 

  Figure 28: Eoltec wind turbine 

5.2.4 Number of Turbines and Surface Covered  
The installation of the wind turbine requires one more step which is calculating the number of 

turbines that should be installed .We used the following method to identify the number : 

One wind turbine has the power of 6 Kw and will produce annually the following : 

output= P*h*cp*d 

with : 

P: Power needed (Kw) 

h: operating hours (h) 

cp : Capacity factor (%) 

d: Number of days  
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We plug the values and get : 

output=6*24*23%*365 = 12088.8 Kwh 

The obtained value is the annual production of the wind turbine, and it is the half of  the total 

needs that the refrigeration unit require. In order to obtain the exact need we will need 2 wind 

turbines that produces 6 Kw, and it is calculated as follows : 

n= 12088
22069  

  = 1.82  

  =  2 

 

Now , that we have the number of wind turbines that should be installed we should make sure 

that we have sufficient space where to install our wind turbines and in the right position  

  

 

 

 CHAPTER 6: FINANCIAL ANALYSIS OF THE 
SUGGESTED ENERGY SOURCES 
 
 
Financial analysis is an important part of the overall project . It helps understanding the 

evolution of the company and to judge its potential of development. It affects the operation of 

the company concerning decisions making which affects the management, the strategy and 

positioning,and the investments made by the company and the financing of these activities. 

The refrigeration unit pays an average electricity  consumption of 35976.68 MAD according 

to the analyzed bills . E 

ach investment has a purpose of earning benefits in the future , and it can be visualised by  a 

concept called the payback period which refers to the time it takes to recover the initial cost of 

an investment in other words it is reaching the break-even point. And it is calculated as ratio 

of the initial investment over annual positive cash being in our case ( current annual cost- 

future annual cost) 
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6.1 Implementation Cost and Payback Period of Solar Panels 

 

 

 

 

 
If the owner of the refrigeration unit choose to invest in a hybrid of solar connected to the grid 

will invest a total of  170500 MAD on solar panels and their installation with a payback 

period of 9 years . Since starting year 10 the refrigeration unit will start earning positive cash. 
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6.2  Installation Cost and Payback Period of Wind Turbine  

 

 

 

 
If the owner of the refrigeration unit choose to invest in a hybrid of wind connected to the grid 

will invest a total of  47090 MAD on wind turbine and their installation.However , the price of 

each 1 W in the wind market cost about 593 MAD that can lead to a large return on 
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investment. The table above shows that for a period of 20 years the refrigeration unit won’t 

earn positive cash , so the payback period is above 25 years.  
 

 

CHAPTER 7 : CONCLUSION AND FUTURE WORK  
We are now living in a world where generally most activities depend on non renewable 

energy sources , and more precisely  the one extracted from fossil fuels. The huge 

consumption of fossil fuels lead to the decrease of fuel reserve and affected negatively the 

environment  which pushed the world’s citizens to react and to start using renewable energies. 

The purpose of this capstone was to switch renewable energies in industrial departement more 

precisely a refrigeration unit . The industrial refrigeration unit electricity consumption is very 

high , thus the owner finds himself paying a big amount annually. The owner showed interest 

and is  willing to change for a better impact on the environment and the economical growth of 

entity. The refrigeration unit is located in a region that has an important  potential in two 

different sources of renewable energies the sun and the wind. The solar radiation in the region 

are high,available during the whole year , and reaches a daily average of 8 kWh/m2 /day. 

Concerning the wind , the region has a medium wind speed that can be exploited and it is due 

to the geographical location . Therefore, we evaluated the electricity consumption , and did 

the assessment of energy needed to cover the needs of the unit . The conducted study allowed 

us to study  the feasibility of supplying the refrigeration unit with electricity extracted from 

both solar and wind energy. Our main objective was combine the collected data and the 

knowledge gained during studies into an optimized and efficient hybrid design. During the 

research several combination of a hybrid seemed possible , but we only picked  two renewable 

sources . The factors that pushed us to choose these two sources are the potential assessment 

and the feasibility whom were an  important criteria during the analysis. Once the hybrid 

system took shape we focused on the efficiency and the optimization. The  purpose of the 

study was to design an optimized hybrid system that will cover the electricity  needs of a 

refrigeration unit. And throughout this report , we showed that renewable sources are a  very 

interesting technology that can have a huge impact on the planet. In fact, there is a remarkable 
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difference between nonrenewable  and renewable energies  at many levels which allowed us 

to dig more and insist on applying it to our project; for instance, money spent on each . Even 

though the renewables require a high capital in the  investment, but it can be covered after a 

payback period and turns into a 100% profit. There are  several challenges that faces people 

investing in such technology,but it remains crucial due to the high rate of energy consumption 

that knows the world currently . Moreover, they are less harmful to the planet talking 

environmentally. For our case study , an analysis of the bills of one year was conducted to 

better understand where does the consumption stand and what affects the consumption. After 

extracting the annual needs of energy we had to do the solar and wind assessment to cover 

these needs. In fact, we used different simulators to extract the needs and visualize to concept 

of switching to renewable energy .The suggested hybrid system design suggested is not the 

perfect one,and can be  improved or modified in terms of used technologies or approaches. 

Concerning the optimization there are other  approaches than can be used and give other 

results. The financial analysis that were conducted should definitely be  optimized in order to 

spread and push people to adopt such a technology and make it more affordable. Working 

closely with the owner of the refrigeration showed me that people are interested in change and 

making the difference ,yet they need to be guided and sensitized about the utility of 

renewables . 

All in all, we can say that renewable energy is a  good if not crucial technology because of all 

the advantages that it holds. However,there are some challenges that faces people when they 

want to invest on such a technology such as the assessment , the cost , and the installation. 

Which lead us to think about further research and development that will help in improving and 

facilitating the technical part and also decrease the cost. 
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