
 

 SCHOOL OF SCIENCE & ENGINEERING – AL AKHAWAYN UNIVERSITY 

 

 
SCHOOL OF SCIENCE AND ENGINEERING 

 

 

 

 

 

 

 

 

 

 

PHOTOVOLTAIC BATTERY STORAGE SYSTEM FOR 

AGRICULTURAL REFRIGERATION IN AZROU  
 

 

 

 

 

 

 

 

 

 

 

 
May 2018 

 

 



 

 SCHOOL OF SCIENCE & ENGINEERING – AL AKHAWAYN UNIVERSITY 

 

 



2 

ACKNOWLEDGEMENTS 

 

This report is the fruit of the wonderful academic journey I had during the past four years. I am 

thankful to be part of an institution where all the necessary resources are provided in order for 

a student to have a successful academic career. On a personal level, during those years I had the 

chance to forge my personality being part of a community rich with creativity, innovation and 

social ethics. To start, I would like to express my utmost gratitude to Dr. Khalid Loudiyi who 

supervised, guided and supported me since the start of the semester. His assistance and 

continuous assessment made me work on a regular basis, learn a lot about photovoltaics and 

most importantly be on the right path to achieve the capstone requirements. His support on my 

project was the source of my excellence concerning a field I am passionate about and in which 

I want to pursue my future studies. 

My sincere regards to Mr. Lhoussain Tenghiri who, despite his busy schedule, walked me 

during this hard period. His knowledge and competence were a source of confidence to succeed 

in this project. 

Last but not least, I would like to express my warmest gratitude to my dear parents who always 

did their best concerning my education. They always have been the source of my patience and 

perseverance, and the people to whom I dedicate my achievements, both on educational and 

personal level. 

Finally, I would like to take the chance to thank my sisters, friends and all the people who 

contributed in making me the person I am today with their daily support and encouragement. 

 

 

 

 

 

 

 

 

 

 

 



3 

Table of Contents 

ACKNOWLEDGEMENTS ....................................................................................................... 2 

ABSTRACT ................................................................................................................................ 6 

1 INTRODUCTION ............................................................................................................. 7 

1.1 CONTEXT ................................................................................................................. 7 

1.2 OBJECTIVE ..................................................................................................................... 1 

1.3 STEEPLE ANALYSIS ..................................................................................................... 3 

2 LITTERATURE REVIEW ................................................................................................ 5 

2.1 RENEWABLE ENERGIES IN MOROCCO ............................................................. 5 

2.2  AGRICULTURE IN MOROCCO ............................................................................ 6 

2.2 THE PHOTOVOLTAIC TECHNOLOGY ................................................................ 7 

2.3 PHOTOVOLTAIC FOR SUSTAINABLE AGRICULTURE IN MOROCCO ........ 7 

2.4 SOLAR POTENTIAL IN MOROCCO ..................................................................... 8 

4 METHODOLOGY ........................................................................................................... 10 

4.1 SITE ANALYSIS ..................................................................................................... 10 

4.1.1 Farm Presentation ................................................................................................. 10 

4.1.2 Farm Activities ..................................................................................................... 10 

4.1.3 Electricity Bills ..................................................................................................... 12 

4.2 SYSTEM DESIGN PROPOSAL ............................................................................. 13 

4.2.1 Photovoltaic System ............................................................................................. 14 

4.2.2 System Storage ..................................................................................................... 22 

4.2.3 Final Design ......................................................................................................... 25 

4.2.4 Grid Consumption ................................................................................................... 28 

4.3 FINANCIAL ANALYSIS ...................................................................................... 29 

5 CONCLUSION ................................................................................................................ 33 

6  REFERENCES ............................................................................................................... 34 

APPENDICES ......................................................................................................................... 37 
 

 

 

 

 

 

 

 

 



4 

 

LIST OF FIGURES 

 

FIGURE 1 MOROCCO'S GHG EMISSIONS BY SECTOR [2] ............................................................. 1 

FIGURE 2  INSTALLED RENEWABLE ENERGY CAPACITY IN THE MENA REGION IN 2015 [8] ...... 5 

FIGURE 3  INSTALLED POWER CAPACITY IN 2012 AND THE TARGETED INSTALLED CAPACITY IN 

2020 BY SOURCE [10] .......................................................................................................... 6 

FIGURE 4 ELECTRICITY CONSUMPTION BY SECTOR IN MOROCCO [14] ....................................... 7 

FIGURE 5 YEARLY AVERAGE SOLAR RADIATION PER DAY IN MOROCCO [16] ........................... 9 

FIGURE 6 GRAPHICAL ILLUSTRATION OF THE DAILY ELECTRICAL CONSUMPTION DURING THE 

FULL AND PEAK HOURS .................................................................................................... 15 

FIGURE 7 GRAPH OF THE VARIATION OF THE RADIATION THROUGH THE YEAR IN AZROU ....... 17 

FIGURE 8 ILLUSTRATION OF THE TWO DIFFERENT TYPES OF ELECTRICITY BUS [17] ................ 17 

FIGURE 9 GRAPH OF THE CAPACITY FACTOR VARIATION THROUGHOUT THE YEAR ................. 20 

FIGURE 10  GRAPH OF THE PRODUCTIVITY OF THE PV SYSTEM THROUGHOUT THE YEAR ...... 21 

FIGURE 11 BATTERIES CONFIGURATION EXAMPLE ................................................................. 24 

FIGURE 12 SUNLIKE GEL STORAGE BATTERY SL-12-250 [24] ............................................... 25 

FIGURE 13 FINAL DESIGN OF THE PV BATTERY STORAGE SYSTEM ........................................ 27 

FIGURE 14 GRAPH OF THE AVAILABE SOLAR ENERGY AND THE USER'S NEED IN KWH/DAY .. 28 

FIGURE 15 GRAPH OF THE ELECTRICAL CONSUMPTION DURING THE OFF-PEAK HOURS......... 29 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



5 

 

 

LIST OF TABLES  

TABLE 1 HOURS DISTRIBUTION FOR WINTER AND SUMMER 12 

TABLE 2 TARIFFS USED IN THE BILLING 13 

TABLE 3 FULL AND PEAK HOURS ELECTRICAL CONSUMPTION IN KWH/DAY THROUGHOUT THE 

YEAR 14 

TABLE 4 SOLAR RADIATION PER MONTH IN AZROU (APPENDIX A) 16 

TABLE 5 CALCULATION OF THE EFFICIENCIES OF AN AC COUPLING [17] 18 

TABLE 6 PEAK HOURS ELECTRICAL CONSUMPTION IN KWH/DAY THROUGHOUT THE YEAR 23 

TABLE 7 OFF-PEAK HOURS ELECTRICAL CONSUMPTION IN KWH/DAY DURING THE YEAR 28 

TABLE 8 ESTIMATION COST OF THE EQUIPMENT 30 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



6 

ABSTRACT 

 

This work was produced to report the awareness that has to be found in the daily behavior of 

humanity related to the preservation and use of energy. It is now a fact that different sectors 

within Morocco are over using the natural resources, making the availability of fossil fuels for 

the next generations, a big concern. For this purpose, many are now aware of the urgent need 

to find alternative methods to extract energy that should be harmless for the environment. 

Renewables come as a sustainable solution to preserve the environment and respond to the 

energy demand of the customers. This project, which consists of designing a photovoltaic 

battery storage system used for refrigeration purposes, is one of the methods based on renewable 

energy technologies that can help reduce the matter of natural resources overuse in the country. 

The goal of this study is to help farmers reduce the costs of their agricultural activities, mainly 

the refrigeration process. The study will be carried out on a farm in Azrou region that has 

different energy needs.  

After studying the environment and analysing the energy needs of the refrigeration system that 

is used for cooling the harvest, the research focused on designing a PV-battery based system 

integrated with the grid able to fulfil all the energy needs of the refrigeration system used in the 

farm. The results show that the design is profitable for the owner of the farm since it enables 

him to reduce his electricity bills. 

 

Keywords: Solar system, natural resources, refrigeration system, Azrou region.  
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1 INTRODUCTION 

 

1.1 CONTEXT 

The scientific community today, is aware of the harmful environmental consequences due to 

the high consumption of fossil fuels. The growing concern of the limitation of natural resources 

with the social development and high increase of economic activities, makes the power 

generation from renewable energies, particularly solar energy a must. Unlike fossil fuels, solar 

energy is an inexhaustible, clear source of energy. It makes it the most promising of the 

renewable sources of energy used in diverse sectors, mainly agriculture. 

 

 Farmers, being the center of the problem of global warming, are directly affected by the 

damages caused by this matter. Thus, using solar energy to support their agricultural activities 

seems to be an attractive option that can provide comfort regarding their agricultural activities. 

Still, we should not neglect the fact that there are many constraints associated with the use and 

management of solar energy. We can mention the collection and storage, then the installation 

costs of the system, without forgetting its maintenance. Thus, the real challenge is to develop 

both an efficient and economical method that can help the farmers reduce the costs of their 

production and also achieve a sustainable agriculture on a larger scale.  

 

Regarding agriculture, solar electric energy can be used for thermal purposes like cooling 

buildings or food preservation, generally known as refrigeration [1]. It is an exciting solution 

that help farmers maintain a good production rate and improve the local economy. The 

mechanical term of refrigeration refers to a process that involves removing heat from an area or 

a substance that is below the environmental temperature using the evaporation of a liquid 

refrigerant [1]. 

 

This report discusses the design of PV system with storage that is able to cover the needs of a 

refrigerator. As a reminder, the study is conducted for the storage of agricultural products in a 

farm located in Azrou region.
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1.2 OBJECTIVE 

In 2012, according to African Development Bank Group, the world reached 46,049 million 

metric tons of CO2 emissions (MtCO2e). Morocco is having 72.513 MtCO2e, totaling 16% of 

global greenhouse gases (GHG) emissions [2]. There are multiple sectors in the country 

participating in making those numbers adding up. As “Figure 1” shows, the energy sector is the 

predominant source of GHG emissions in Morocco, at 54.84 MtCO2e [2]. The subsectors of 

electricity/heat, transportation, and other fuel combustion constituting the majority of energy 

emissions. The agriculture sector is the next largest emitter after the energy sector, at 12.68 

MtCO2e. The waste, bunker fuels at 3.63, 2.02 MtCO2e respectively and the land-use change 

and forestry (LUCF) sectors with 1.07 MtCO2e [2]. 

 

 
 

Figure 1 Morocco's GHG Emissions by Sector [2] 

 

Morocco has felt the need of putting some important efforts along with other countries, using 

the Nationally Determined Contribution (NDC) in order to reduce the effect of this serious 

matter. The main goal is to reduce the GHG emissions by 32% by 2030 concerning agriculture, 

waste, forests, energy, industry and housing. The country believes that it will reduce 401 Mt 

CO2eq over the period of 2020-2030 [3]. 

The mitigation contribution consists of: 
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 Reaching over 50 % of installed electricity production capacity from renewable 

energies sources by 2025; 

 Reducing energy consumption by 15 % by 2030;  

 Reducing the use of fossil fuels;  

 Increasing the use of natural gas, through infrastructure projects allowing the 

imports of liquefied natural gas  

The objective of this capstone project would be to participate to help the country reaching those 

objectives mainly concerning the agricultural sector by designing a PV storage battery system 

that covers the need of a refrigerator of a farm in Azrou. This research will help as a platform 

for future studies aiming to implement a PV storage battery system. It also serves as a support 

to encourage investments that will help improve Morocco’s energy situation. The literature 

review section serves to give an idea about previous research covering the situation of 

renewable energies in Morocco along with the photovoltaic technology. It focuses also on the 

applications of PV technology in the agricultural sector within the country. The methodology 

section is divided into three parts, the first part tackles the study of the site concerning the 

location, area, and type of good produced. This parts includes the analysis of the agricultural 

activities of the farm including lighting, heating, irrigation, cooling, ventilation, grain and crops 

drying. Furthermore, the study of the type of billing based on the gathered electricity bills will 

be very crucial to the methodology followed to come up with optimal results concerning the 

capstone project. It is to note that the analysis of the site was the key step that helped getting 

the idea of designing a system that covers typically the needs of the refrigeration system. It is 

to clarify that the capstone project idea was since the beginning targeting the agricultural sector 

in the region. Still, it was after the multiple visits to the site that it was noticed that the 

refrigerator used for the preservation of fruits in the farm, was the component with the highest 

consumption based, here again, on the electricity bills. Here, regular meetings were to be set 

with both the manager of the farm and especially the technician who is in charge of the 

maintenance of the refrigerator. That way the data collection was easier and wasn’t time 

consuming allowing for more time for the followings steps of the study. The second part relates 

to the design of photovoltaic system with storage starting by the determination of the electrical 

consumption of the refrigerator system that is needed to be covered. The PV system is designed 

to generate electricity willing to be consumed by the refrigeration system during the Full hours, 

and also the electricity that is to be stored during the same period and consumed later during 
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the Peak hours. The system is not excluding the consumption of electricity generated thanks to 

the grid, the latter will still be used during the Off-peak hours when the electricity is sold for 

the lowest tariff. In the same part, the steps and computations followed in order to choose the 

components of each system are detailed. The last part of the methodology, which is the financial 

study, will be carried to demonstrate to cost effectiveness of the system and expose the idea of 

the possibility of implementing and especially investing in such a beneficial system. This part 

will be also stressing on the fact that the targeted area is considered to be a real asset for the 

agriculture sector in the country. A software will be needed for the simulation in order to 

estimate the annual energy production of the PV system. 

 

1.3 STEEPLE ANALYSIS 

The STEEPLE analysis deals with the environment in which a business operates. This tool is 

one of the most common methods that allows a good analysis of the external environment of a 

business or industry. The STEEPLE acronym stands for: Social, Technological, Economic, 

Environmental, Political, Legal and Ethical [4] [5].  

The first part of the STEEPLE Analysis is the Social aspect, which deals with the demographic 

points as well as the way in which the targeted population is distributed. 

The technological part discusses the technological innovations and trends of the business. Next, 

the economic and environmental part of the analysis look at the population economic ratios and 

the effects on the environment by the project. The last three Letters stand for the political aspect, 

which takes the political stability and government ideology into consideration, the legal aspect, 

which discusses the legal issues and different laws involved to make sure they are being held 

up, and finally the ethical part discusses the ethical norms at hand in the concerned population. 

When considering the social aspect, the project is going to be implemented in a developing 

region of the country, namely the region of Azrou. The project will likely have a positive impact 

on the population in the region, as a positive result will enhance the quality of food, by 

preserving it better.  

The technological part, the design of a PV battery storage system will be performed using 

different software that give very accurate results and use real conditions’ simulation.  

When analyzing the economic part, it is a fair observation at hand, that producing energy in 

Morocco is much more economically beneficial for the country than outsourcing it from nearby 
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countries such as Algeria and Spain. On a smaller scale the project will help the farm owners to 

reduce their electricity bills.  

In consideration of the environmental aspect, the solar is a form of renewable energies, the 

electricity production will be environmentally friendly. This will reinforce the environmental 

position of Morocco as a country willing to invest more in green technologies related to 

renewable resources.  

As for the political part of the project, Morocco has proven its power to maintain its political 

stability over time. Thus, the country is considered as a stable destination for FDI (foreign direct 

investment) in general, and, in this case, more specifically to the ones related to sustainable 

energy production.  

The final letter “E” stands for ethical, and since this capstone project consists of designing a 

Photovoltaic battery storage system, its ethical side consists of promoting the production of 

electricity using sustainable sources in Morocco and increase the awareness of its population 

about the importance of the environmental health and its protection now, and in the future.  
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2 LITTERATURE REVIEW 

2.1 RENEWABLE ENERGIES IN MOROCCO 

Morocco is aiming to lead the Middle East and North Africa (MENA) region by adopting a 

renewable energy plan and implementing various projects that try to cover the customer needs 

in terms of energy [6]. Moreover, the electricity demand of the country is estimated to increase 

by 250 percent from 2015 to 2030[6]. The energy import bills of Morocco costed about $8 to 

$10 billion annually from 2011 to 2013 [7]. Thus, due to the lack of fossil fuels, the high 

electricity consumption and the increasing energy import bills, the country had to consider the 

renewable energies as a solution providing an economic stability and a sustainable 

development. By the end of 2015, Concerning wind and solar power, Morocco had around 800 

MW of installed generation capacity by the end of year 2015, which made it occupy the first 

place in the Middle East and North Africa [8] (Figure 2).  

 

 
 

Figure 2  Installed Renewable Energy Capacity in the MENA Region in 2015 [8] 

 

Various projects participated in the increase of the installed electric capacity, mainly the project 

of Nour in Ouarzazate that the Moroccan Agency for Sustainable Energies launched in 2016. 

The project today is having a total capacity of 580MW that will help Morocco meet 14% of 

installed solar capacity by the year of 2020 (Figure3) [9]. 
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Figure 3  Installed Power Capacity in 2012 and the Targeted Installed Capacity in 

2020 by Source [10] 

 

2.2  AGRICULTURE IN MOROCCO 

The agricultural sector in Morocco is one of the countries key economic drivers, in making up 

15% of the overall gross domestic product GDP [11]. In addition, it accounts for 23% of all 

exports and employs 45% of the total Moroccan workforce [11]. Morocco developed a plan, 

which is currently being implemented, was designed to make agriculture a stronger economic 

growth driver. This multidimensional approach for environmentally-compliant agriculture, 

which is planned from 2008 to 2020, called The Green Morocco Plan (Plan Marocain Vert, 

PMV), is also aimed to reduce poverty by increasing job creation and exports and thus the GDP. 

On the environmental level, the PMV is consistent with the national water strategy for 

developing the use of efficient irrigation water systems. In this respect, thousands of hectares 

have been equipped with drip irrigation systems, and thousands of photovoltaic pumping 

systems have been installed [11]. The financing needs of a project of this size like the PMV, 

were made possible by diversifying the creditors. The mix was made up of a special fund such 

as the Agricultural Development Fund, financers from the private sectors and the involvement 

of national banks like Crédit Agricole du Maroc [11]. 
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2.2 THE PHOTOVOLTAIC TECHNOLOGY 

The photovoltaic system consists of producing direct current by turning photons into electrons 

using solar radiation. The solar cells in a photovoltaic module are made from semiconductor 

materials, usually silicon (Si) used as monocrystalline, polycrystalline or amorphous cells. 

When light energy strikes the cell, electrons are released from the material’s atoms [12]. 

Photovoltaic or solar cells are connected with each other in order to form a module. Multiple 

modules, connected in parallel or in series, can be wired together forming an array. The 

electrical current is formed when the electrical conductors are attached to the positive and 

negative sides of the material, allowing the electrons to be captured in the form of electricity 

[12]. The latter is produced depending on the amount of light that hits the solar cells. This 

electricity can then be used to power a load or stored in a battery.  

 

2.3 PHOTOVOLTAIC FOR SUSTAINABLE AGRICULTURE IN MOROCCO 

Agriculture is the sole source that provides food for humanity. Farms machines rely on fossil 

fuels to generate energy which leads to harmful effects on both the environment and the human 

health [13]. Furthermore, the agriculture sector is occupying 22% of the electricity consumption 

after the industry and residential sector as shown in the figure below (Figure 4) [14]. 

 

 

 

Figure 4 Electricity Consumption by Sector in Morocco [14] 

The energy generation based on renewable energies like solar, wind and biomass is an 

alternative solution considered as a huge potential for the Moroccan agriculture sector making 

it less polluting and more competitive on international markets [11]. Several research show the 

increasing number of energy produced to supply the energy requirements for many agricultural 

activities, using PV systems. Counting from the crop and grain drying, water and space heating, 
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building lighting, ventilation, water pumping for irrigation, greenhouse heating, electric 

fencing, and most importantly the refrigeration of the agricultural products. More details will 

be attributed to the irrigation and the refrigeration process within the farm, in the first part of 

the methodology section. The PV technology can also solve different problems related to food 

production by offering the farmers the possibility to maximize their crop production and ensure 

an economic stability. Photovoltaic systems are cost-efficient in providing electricity to fulfill 

the farms energy needs. It is important to mention that the photovoltaic systems have some 

constraints that have to be taken into consideration. It is a simple fact that photovoltaic modules 

produce electricity only during day time when the sun is shining, so some form of energy storage 

is necessary to operate systems at night. For electrical applications at night, one will need a 

battery to store the energy generated during the day.  

 

2.4 SOLAR POTENTIAL IN MOROCCO 

The geographical information of a location within Morocco is a key factor that has to be taken 

into consideration when thinking about implementing whatever kind of systems. Concerning 

solar energy, each location has its own potential. For instance, implementing and investing in a 

PV-based solar system in a city which is flat and sunny almost all the year, comparing with 

another city located in higher altitude resulting in less sunny days, would be a better idea and 

the energy exploitation will be more efficient. The use of geographic information systems 

provide data that can help reaching the goal of ending the dependence on imported fossil fuels, 

providing renewable energy for the studied area and thus participating in the sustainable 

development of the agriculture and economy in general.  

 

The annual average of the global irradiation of the country vary each day between 2.38 

kWh/m
2
/day and 6.89 kWh/m

2
/day, representing yearly about 2154 hours of sunshine for the 

regions that are less-favored; as well as more than 3504 hours per year for the most exposed 

ones [15]. The normal irradiation levels of Rabat (seaside town) varies on average from 3.2 

kWh/m
2
/day to 5.5 kWh/m

2
/day. But, in Ouarzazat (semi-arid), it ranges between 5.56 and 8.47 

kWh/m2/day, corresponding to a yearly average of 2847 hours of sunshine (December), and 

3942 hours per year (May) [15].  



9 

 
 

Figure 5 Yearly Average Solar Radiation per Day in Morocco [16] 
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3 METHODOLOGY 

 

3.1 SITE ANALYSIS 

3.1.1 Farm Presentation  

The farm is located in Tigrigra, ten minutes driving by car from Azrou. It is producing mainly 

apples, but also apricots, oat, barley, hard and soft wheat. The land of the farm consists of 1 ha 

used for agricultural activities and other 400 m used for habitation. The farm is participating in 

the local economy development by supplying mainly apples to the region of Azrou and 

surroundings, along with other cities like Tangier and Casablanca.  

The owners and managers of the farm are aware of the competitiveness between the farms 

within the region having a similar type of harvest. They also continuously aim to make this 

competitiveness reach the national scale. They believe that the apple trees of the region have a 

good growth potential but they are also aware of the resources limitation. Thus, the runners of 

the farm are concerned about continuously providing and improving all the possible ways to 

help ensure a good quality of the production. 

3.1.2 Farm Activities  

The agricultural activities are mostly all linked to the apples production, counting from water 

pumping, irrigation to lighting of fruits storage area, and most importantly, refrigeration of the 

harvest prior to its distribution. One of the main reasons for choosing this particular cite to do 

this capstone, is the fact of the farm being in the region. This way the collection of data wasn’t 

a barrier for realising, in a small period of time, a good project focusing on both technical and 

economic aspects. Moreover, apart from the fact of having different agricultural activities, the 

farm is big enough and using advanced technologies consuming electricity. The owners were 

interested in investing in a system that could guaranty lowering the electricity bills of at least 

one component within the farm. 

3.1.2.1  Irrigation Process 

Although the irrigation process will not be the main subject of interest in what’s coming up next 

concerning the study, it is still considered one of the main parts in the chain of apples production 

within the farm and especially concerning the electricity consumption. The period of irrigation, 

starts on April and ends on October. Using pumping technology, it has been developed over the 

years reaching drip- and micro-irrigation. Five pumps are used in this process; each pump is 
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having an energy consumption from 10 to 25 Kw and used during 24 hours without resting or 

rest for two or three hours a day. There is an additional pump used to pump the water used for 

drinking water and another one used to pump water from a reservoir of rainwater, what gives a 

total number of seven pumps in the farm. The rainwater of the reservoir is considered by the 

manager of the farm, to be the best type of water for irrigating the fruit trees. It says to contain 

organic matter, like the one found in algae, giving a good boost of energy for the tree in order 

to grow and resist against bacteria. The process is using electricity for the drip irrigation and 

the nutrition of the trees since it is needed to mix the nutrients with water before using it for the 

irrigation. The installation of the irrigation system costed the farm owners around 150,000 

MAD, and the government helped financing 80% of the total amount. The electricity bills for 

the process discussed are having an average of 12000 MAD/month.   

3.1.2.2 Refrigeration Process 

To note, the basis of the study is the refrigeration system. In terms of consumption, the latter is 

the one using the higher power needed to store the agricultural products. The engine room of 

the refrigeration system contains two compressors of 75 horse power and 55 kW each that work 

on alternate days and operates averagely 20 hours per day during the storage period. Separately 

from the engine system, there exist six rooms of cooling with an area of 150 m square. Each 

one of the six rooms, is having a capacity of storing 180 tons distributed on 9000 containers 

weighting 20 Kg each, all resulting in an annual total production of 1000 tons. Also, each room 

dispose of two heat exchangers, giving out a desired 0-1-degree Celsius temperature, cooling 

the stored production. As an additional information, just after the cooling-storage and before 

the distribution, there are two other rooms used as a free electricity use storage for the harvest. 

The refrigeration system, is working with an indirect expansion system. Briefly, the farm’s 

runners choose to work with this system when the refrigerant system exceeds a certain power. 

More specifically, when this power reached, more time is needed for the refrigerant in order to 

reach the heat exchangers of all the rooms. For instance, it is preferable to work with a direct 

expansion system when the refrigerant system is aiming to cool the air of just one room or two 

as a maximum, there is a direct exchange of heat between the air and the refrigerant. But the 

more rooms are added to the circuit, the more time is the refrigerant taking in order to cool the 

air of all the rooms. Thus, an accumulator is added to the refrigerant circuit making it an indirect 

expansion system. The purpose of that accumulator is to store the frozen water working as an 

intermediate fluid between ammonia, the main refrigerant used, and the air aimed to be cooled. 
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This way the production of ‘cold’ is centralized before distributing it to the rooms whenever 

needed.  

3.1.3 Electricity Bills 

To know how the billing of the electrical consumption goes, there is for sure no better reliable 

source than analysing the electricity bills of the farm refrigerator of a given year in terms of 

kWh. An example of the electricity of the month of August is shown in Appendix A. The farm 

electrical consumption will serve as a basis to determine the peak power. The electricity is 

transported to the farm through a medium voltage power line and concerning the billing, the 

general electricity tariff is applied.  

The electrical consumption is divided into three periods of use of electricity; the Peak hours, 

Full hours and Off-peak hours.  

As the “Table 1” shows, the period of Peak hours during the winter term, where the electricity 

consumption reaches the maximum, starts at 5pm and ends at 10 pm. Whereas the period of 

Full hours, starts at 7am and ends at 5 pm. Then, the Off-peak hours, where the consumption is 

at its minimum, start from 10 pm to 7 am. 

 

Table 1 Hours Distribution for winter and summer  

 

 

Starting from January 2017, and without including the VAT, the tariff for the Peak hours, Full 
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hours and Off-peak hours is 1,24185 MAD/kWh, 0.88606MAD/kWh, and 0.64895MAD/kWh 

respectively (Table2).  

Table 2 Tariffs Used in the Billing 

 

 

Moreover, every month, charges related to the rent and maintenance of the electric meter along 

with a fee for the payment delay, are all charged to the bill with an attributed VAT of 7%, 20% 

and 10% respectively. A VAT charge of 14% is also attributed to the total amount including the 

Peak, Off-peak and Full hours’ fees, the fixed power fee of 449.67 MAD, and fee related to the 

power factor “Cosphi” resulting in the reactive energy. 

3.2 SYSTEM DESIGN PROPOSAL  

Renewable energy sources can be a potential option to decentralize the electrification systems 

and cover the needs of the refrigeration system of the farm. The design proposal of a combined 

photovoltaic-battery system integrated with the main power grid, seems to be an optimal idea. 

Different factors all have to be taken into consideration since a bad design can lead to major 

consequences affecting the whole life cycle of the equipment. A high-performance equipment 

should be designed in order to prevent from an excessive energy consumption, and preserve the 

quality of the product stored. The PV system will be generating electricity which will be used 

by the refrigeration system during the Full hours, along with the electricity needed for the same 

load during the Peak hours. Temporary storage is needed to store the PV power excess, needed 
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later during the Peak hours, as long as the batteries don’t reach their maximum state of charge. 

If so, the surplus will be injected into the grid and used for other activities within the farm. The 

power grid will still be used to power the system during the Off-peak hours and in the case 

when the load exceeds the generated PV power and the battery is discharged until reaching its 

minimum state of charge.  

3.2.1 Photovoltaic System 

3.2.1.1  Determination of the PV peak power 

3.2.1.1.1 Daily Electricity Consumption  

Concerning the daily electricity consumption, it is optimal to include the peak consumption of 

both Peak and Full hours that the PV system has to cover. As “Table 3” and “Figure 6” show, 

the month of June is the one where the electricity consumption reaches the maximum with 162 

kWh/day, it is then necessary to cover this consumption using the PV system. To note, the 

value in terms of kWh/day for each month, that includes both the Full and the Peak hours, was 

obtained by summing the quantity of energy consumed in kWh for the same period and dividing 

it by the appropriate number of days for every month. Moreover, it is to be taken into 

consideration that if this consumption is not fully covered during the Full hours, the batteries 

won’t have the chance to be charged. Thus, the determination of the daily consumption will be 

based on the month of June. Thinking about the excess that can lead to the over dimensioning 

of the system, since the period from the month of November to the month of March the 

consumption is almost non-existent, the difference can be used for other agricultural purposes 

within the farm like pumping for the irrigation. Another approach, and according to the law n° 

58-15 that completes the law n°13-09 of renewable energies, is that there is the possibility of 

selling the  excess of the produced energy to the National Office of Electricity (ONEE) 

(Appendix B). The only condition is that this energy produced by the PV system shouldn’t 

exceed 20% of the total yearly production. 

Table 3 Full and Peak Hours Electrical Consumption in kWh/day Throughout the 

Year 
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Figure 6 Graphical Illustration of the Daily Electrical Consumption during the Full and 

Peak Hours 

 

It is in fact, very ambitious and determined to intend to cover the totality of this energy 

exclusively by the installation of a PV solar system working during the Full hours and operating 

also during the Peak hours by charging the batteries. 

3.2.1.1.2  Solar Irradiation 

Throughout the years, it is to be taken into consideration that the PV panels do not receive the 

same amount of radiations, thus the peak power will be based on taking the yearly average solar 

radiation of the region. PvGis is the software used to determine the “Incident global irradiation 

for the chosen location (Appendix C). In “Table 5”, the variation of the solar potential of the 

region of Azrou, where the farm takes place, is summarized. With an optimal inclination of 30° 

and a direction through the south; since Morocco is in the northern hemisphere making the sun 

coming to it from the south, it is possible to obtain the daily solar irradiation per m2 needed later 

to determine the power peak able to generate the refrigeration system.  
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Table 4 Solar Radiation per Month in Azrou (Appendix A) 

 

From the table above (Table 5) and “Figure 6”, the average daily sum of 5.61 kWh/m2 of global 

solar radiation is retrieved. 
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Figure 7 Graph of the Variation of the Radiation Through the Year in Azrou 

 

3.2.1.1.3. Coupling  

One of the main concerns that need to be taken into consideration concerning the design of the 

system that will cover the average electrical consumption of the refrigeration system, is 

determining the type of electricity used to support the system. For isolated cites, there exist two 

types of systems that can be used, the “Direct Current” (DC) coupling and the “Alternating 

Current” (AC) coupling as “Figure 7” shows. The name of each type of coupling refers to the 

BUS on which the generators are connected. Another major point that differentiates them is that 

in a DC electrical circuit the electrons flow in one direction, on the other hand, the flow of 

electrons goes back and forth at high velocity in an AC electrical circuit [18]. 

 

  

Figure 8 Illustration of the Two Different Types of Electricity Bus [17]  
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The average electrical consumption needs were estimated to 162 kWh/day, which is considered 

to be a high amount of energy consumption. For that, a system circuit has to be relatively big 

so that it can be capable to support this amount of energy. The “Direct Current” (DC) electricity 

has a limit of 3kW energetic power support, which will be not possible to use it in this system 

in order to cover the needs. For such demand, the “Alternating Current” (AC) is the most 

appropriate to be chosen. 

3.2.1.1.4 Efficiency of the system 

The coefficient of efficiency is the element expressing the efficiency of the PV system used in 

the design structure of the project. This value is found by multiplying the value of the coefficient 

of efficiency of each component used in the system. This coefficient takes into account all the 

possible losses within the circuit that can result from the invertors, the batteries used for storage 

and the cables.  

Table 5 Calculation of the Efficiencies of an AC Coupling [17] 

 

 
The structure of the project suggests having a PV system that uses a battery storage that can 

cover the needs of the refrigerator system during the peak hours when the PV system alone 

cannot generate electricity. Comparing the performance of the AC coupling having a production 

consumed directly with the same coupling having a production consumed using storage, it is 

noticed that the latter is influenced by the presence of multiple conversion intermediaries. 

“Table 6 shows that by multiplying the efficiency of each component within the system gives a 

total efficiency of 60.1% that will be used as a parameter to calculate the peak power.  
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3.2.1.1.5 Calculation Method of the peak power 

By definition, the “Peak Power” is the amount of power that can be produced under ideal 

conditions [19]. Assuming that the PV panels will cover the total energy consumption of the 

refrigerator, it is important to note that the determination of the Peak Power is the first main 

step enabling to find the power covering the total needs. Now, it is necessary to recall the four 

elements used to calculate the peak power supplied by all the cells of the panels. The first 

parameter is the “Erequired” in kilowatts hour per day estimated to 162 kWh/day. Then the 

daily solar irradiation “Raverage” in terms of kilowatts hour per meter square, estimated to 5.61 

kWh/m2 *day according to the results of “Table 5”. The third element is the estimated 

coefficient of efficiency “𝜂”, as shown in “Table 6”, determined to be 60.1%. Finally, with a 

cell temperature of 25°C and air mass of 1.5 the standard irradiation “RS” set to 1000 W/m2 

according to the Standard Test Conditions (STC) [20].  

The final formula of the peak power is expressed by: 

𝐏𝐩(𝐏𝐕 𝐩𝐚𝐧𝐞𝐥𝐬) =
𝐄𝐑𝐞𝐪𝐮𝐢𝐫𝐞𝐝 × 𝐑𝐬

𝛈 × 𝐑𝐚𝐯𝐞𝐫𝐚𝐠𝐞
 

The numerical application gives: 

𝐏𝐩(𝐏𝐕 𝐩𝐚𝐧𝐞𝐥𝐬) =
𝟏𝟔𝟐

𝐤𝐖𝐡

𝐝𝐚𝐲
×𝟏𝟎𝟎𝟎

𝐖

𝐦𝟐

𝟎.𝟔𝟏×𝟓.𝟔𝟏
𝐤𝐖𝐡

𝐦𝟐.𝐝𝐚𝐲

 = 47.39 kWp 

   

3.2.1.2 Choice of the PV Components 

This part will help demonstrating the steps that needs to be included in order to come up with 

the design and the type of components willing to cover the total consumption of the refrigeration 

system. The energy to be covered is 162 kWh/day and the peak power of the PV panels is 47.39 

kWp. All the technologies used in the PV systems nowadays are having the goal of developing 

the most efficient and reliable panels with the longest life and highest performance. 

3.2.1.2.1 PV Panels’ calculation 

The panels are considered to be one of the main components of the system, thus it is really 

important to do the right calculations that will enable find the optimal number of panels along 

with their right configuration. Based on the standard conditions of 1000 W/m2 of irradiation, 
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a temperature of 25 °C, and an Air Mass of 1.5, the chosen panels are having a power of 260W, 

giving us a total number of 
𝟒𝟕.𝟑𝟗𝐤𝐖×𝟏𝟎𝟎𝟎𝐖/𝐦𝟐

𝟐𝟔𝟎 𝐖
= 𝟏𝟖𝟎 𝐏𝐕 𝐩𝐚𝐧𝐞𝐥𝐬 that need to be used in order 

to cover the total consumption determined. Each module of the chosen panels “Schutten 

Solar” (STP-260/60), according to the technical sheet (Appendix D), are having a surface area 

of 1.62 m2. Thus the total area of the PV panels of the system is 𝟏𝟖𝟎 × 𝟏. 𝟔𝟐 𝒎𝟐 = 𝟐𝟗𝟑𝒎𝟐. 

For the PV panels’ calculation, “PVsyst” software is used to run a simulation and generate a 

PDF document as shown in Appendix E that includes the necessary data for the PV analysis. 

For the PV panels and using the optimal angle of irradiation of 30° for the region of Azrou that 

the “PVgis” software determined, the produced energy is estimated to 88.35 MWh/year 

resulting in a capacity factor of 84.24%. Furthermore, for the region where the farm is taking 

place; Azrou, the computation of the variation of the capacity factor along the year was done 

and illustrated in a graph (Figure 8), another graph is included that represents the productivity 

of the system throughout the year in “Figure 9”. Both values are explained by the losses that 

happen in the cables and inverters, and the losses that occur due to the elevation of the PV 

modules temperature. 

 

Figure 9 Graph of the Capacity Factor Variation throughout the Year 
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Figure 10  Graph of the Productivity of the PV System throughout the Year 

 

3.2.1.2.2 PV Inverters 

The PV inverters are responsible from transforming the DC current received from the PV 

system into AC current then inject energy to the grid. There are different types and technologies 

used in the inverters but the goal for this particular configuration is to have a total number of 

inverters with a capacity able to support the power peak of the PV calculated previously. 

Another condition, is to have an optimal number of inverters that will match the tri-phase system 

that the refrigerator is having concerning its electric consumption. According to the technical 

sheet (Appendix F), the chosen inverters, manufactured by SMA company, are of type “Sunny 

Boy 8000TLUS-12 - 208V” and having a rated power of 8000 W. For the configuration of the 

system, the need is of 6 inverters connected in parallel. Here again “PVSyst” is used to 

determine the number of inverters that can be used for the PV installation.  

3.2.1.2.3 Cables  

The cables are used to connect the inverters with the PV modules. In theory, cables are 

considered to be perfect conductors since their resistance is set to be zero. Still, their 

efficiency is not 100% and when transmitting the current there are losses of current occurring 

due to the voltage drop as a result of the heating. This part doesn’t include the exact 

dimensioning of the cables, still it is important to mention the elements that preserve or at 

least minimize the losses that might be occurring concerning the energy. It is to mention that 
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the loss is mainly related to the sizing of the cables that is based on two important 

characteristics: 

1. The use of cables that have double insulation. 

2. Having an optimal cross-sectional area targeting a good resistivity and voltage drop of 1% 

or at most 3%. 

For the design, the cables are copper-based of type EXZHELLENT SOLAR ZZ-F - 0,6/1 kV 

(Appendix G) with a resistivity of ρ = 1.6 10-8 Ω.m) at a temperature of 20 °C according to the 

norm proposed by UTE C 32-502 for PV installation [21]. The choice of this cable is mainly 

due to the fact that they have a low resistance and a voltage drop of 3%.  

 

3.2.2 System Storage  

The refrigeration system, needs to operate continuously in order to preserve the quality of the 

fruits stored. The main goal of installing a battery storage in this system is to cover the electricity 

usage when grid electricity is most expensive. Integrating a battery storage system that can be 

charged from the electricity generated from the PV solar system, is for sure an optimal solution. 

This is going to be during the Peak hours when it is not possible to generate electricity from the 

PV panels. The Peak hours, in terms of cost, are the ones with the highest unit price, which is 

another reason for choosing the use of a battery storage exactly during this time slot.  

3.2.2.1 Batteries 

The batteries are needed in the PV installation in order to make the electricity available for the 

refrigerator during the Peak Hours. That clarifies the first step of calculating the daily electricity 

consumption during this period before moving to the next steps that include the determination 

of the voltage and capacity of the battery, the depth of discharge, and the calculation of the 

losses. Gathering those parameters will unable finding the number of batteries needed for the 

PV installation to cover the consumption of the refrigeration system during the determined 

period. 

 

3.2.2.1.1 Consumption 

As “Table7” shows, it is crucial to take the peak energy consumption of 
𝟏𝟎𝟑𝟏

𝟑𝟎
= 𝟑𝟓 𝐤𝐖𝐡 needed 

to be covered by the battery storage system since the last alternative is set to be taking the 

electricity from the grid. 
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Table 6 Peak Hours Electrical Consumption in kWh/day Throughout the Year 

 

 

It is optimal to find a system storage that is able to cover this typical electricity consumption 

that will enable the refrigerator to operate during the Peak hours’ period.  

3.2.2.1.2 Battery Sizing  

In addition to the energy consumption, the thing that has to be taken into consideration is the 

losses occurring at the level of battery inverters and cables. Thus the amount of energy that the 

batteries have to give is: 
𝟑𝟓 𝐤𝐖𝐡

(𝟎.𝟗×𝟎.𝟗𝟕)
= 𝟒𝟎𝐤𝐖𝐡. It is also important to note that the batteries need 

to have a better life cycle, it is then needed to fix a maximal depth of discharge so that they 

don’t discharge completely. An optimal value is set to 50%, this way, just the half of the battery 

capacity is used [22]. The energy capacity of the batteries become then
𝟒𝟎𝐤𝐖𝐡

𝟎.𝟓
= 𝟖𝟎𝐤𝐖𝐡. 

Moreover, a temperature of 25 °C will be assumed and only one day will be chosen as the 

minimum required period to store energy. To note, the batteries chosen are having a voltage 

rating of 48V, the total needed rating capacity of the batteries is defined to be:  

𝐂𝐫 =
𝟖𝟎𝐤𝐖𝐡 × 𝟏𝟎𝟎𝟎 × 𝟏𝐝𝐚𝐲

𝟒𝟖𝐕
= 𝟏𝟔𝟔𝟔 𝐀𝐡 

3.2.2.1.3 Battery Type 

The type of batteries selected for the design system is the “Gel” storage batteries, which are a 

type of Valve Regulated Lead Acid (VRLA) batteries that do not require as much 

maintenance as other type of batteries [23]. There are available in various sizes varying from 

2 to 48V and can be oriented in any direction. The most important feature is that they have a 

long life cycle reaching 12 years and operate at a wide temperature range. Furthermore they 

have a good resistance and good compromise between price and quality compared with other 

type of batteries.  

3.2.2.1.4 Battery Configuration 

Choosing the “Sunlike” battery model (SL12-250) with a rating capacity of 250Ah, the 

number of strings connected in parallel used for the installation is as followed:  
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𝐧 =
𝟏𝟔𝟔𝟔 𝐀𝐡

𝟐𝟓𝟎𝐀𝐡
= 𝟕 𝐁𝐚𝐭𝐭𝐞𝐫𝐢𝐞𝐬 

To get the 48 V system voltage with a voltage of 12V for each battery, each string has to contain 

4 batteries. The number of batteries in each string is calculated as follows: 

𝐧 =
𝟒𝟖 𝐕

𝟏𝟐𝐕
= 𝟒 𝐁𝐚𝐭𝐭𝐞𝐫𝐢𝐞𝐬  

Concerning the configuration, a total of 28 batteries is needed. Seven strings, each having four 

batteries wired in series, have to be connected in parallel so that both the voltage and Amp 

Hours add in order to get the desired system voltage and capacity. It is by definition, that when 

the batteries are connected in series, their voltages add up and their Amp-Hrs stay the same. But 

when wired in parallel, their Amp-Hrs that add up and their voltages stay constant. An 

illustration is shown in “Figure 10”. 

 

Figure 11 Batteries Configuration Example 

 

With the choosing type and model of batteries (Figure 11), along with the determined 

configuration, the following surface area of the total number of batteries, based on the data sheet 

provided in the website is calculated as follow [24]: 

𝐀 = 𝟓𝟐𝟐𝐦𝐦 × 𝟐𝟒𝟎𝐦𝐦 = 𝟏𝟐𝟓𝟐𝟖𝟎 𝐦𝐦𝟐 = 𝟏𝟐. 𝟓 𝐦𝟐 
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Figure 12 Sunlike Gel Storage Battery SL-12-250 [24] 

 

3.2.2.2 Battery Inverters 

The installation of a battery storage requires the installation of a separate inverter. The role of 

the battery inverters essentially is to convert DC electricity to AC electricity or the reverse for 

the purpose of charging the batteries. Moreover, it manages the charging and discharging of a 

battery bank [25]. Basically then, it plays the role of a charge controller and prevent the battery 

from overcharging. That way, the PV continues to work without distributing the current to the 

battery bank. Recalling 35 kWh of energy needed to be stored in the batteries, six battery 

inverters from the same manufacturer of type “Sunny Island 8.0H”, each with a rated power of 

6 kW according to the technical sheet in the Appendix H , compatible with Lead acid batteries. 

 

3.2.3 Final Design 

After determining all the needed components for both the photovoltaic and the battery storage 

system, the final configuration as shown in “Figure 12” is illustrated. It is important to recall 

that the components of both the photovoltaic and the battery storage system are the panels, the 

grid inverters, the battery inverters and the batteries. To better understand the design, an 
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explanation of how the system is going to be operating is required. The first part of the system 

is dealing mainly with the photovoltaic panels and the grid inverters. During the Full hours, 

the PV panels are going to generate the electricity that the refrigeration system is going to be 

consuming during the same period. The panels are generating a DC current, here comes the 

role of the inverters to transform this DC current into AC current that the load can consume. 

Moreover, still talking about the same period, the PV panels are also going to generate the 

energy; that is going to be stored in the batteries, needed by the refrigerator during the Peak 

hours. A transfer switch, connected to a timer, is needed to manage the flow of electricity 

between the PV panels and the load during the period Peak hours. Another transfer switch, 

connected on its turn to a timer, is responsible for the flow of electricity between the batteries 

and the load. It is good to note that the battery inverters have the ability to manage the energy 

consumption and cut the current distribution to the batteries when they are fully charged. 

Concerning the circuit that links the Grid to the refrigerator, it is going to be transferring 

electricity during the Off-peak hours, a period when the electricity is having the lowest tariff 

as mentioned earlier. 
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Figure 13 Final Design of the PV Battery Storage System 

 

In addition, the graph below (Figure 13) generated using again “PvSyst”, shows the available 

solar energy reaching 200.1 kWh/day, the one generated using the PV panels, in comparison 

with the needs of 162 kWh/day. The results express the fact that the system is covering largely 

the needs of the refrigerator system which makes the study, from a technical view, pretty 

successful.   
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Figure 14 Graph of the Availabe Solar Energy and the User's Need in kWh/day 

3.2.4 Grid Consumption 

Principally, the refrigeration system is supplied in terms of electricity from the grid installed by 

l’ONEE (Office National d’Electricité). The choice of not excluding the use of this source of 

electrical consumption is still possible. The Off-peak hours is the period defined to be, 

nationally speaking, and the one with the less consumption. It is known that the electricity 

cannot be stored, and l’ONE is continuously producing electricity, the reason why the least unit 

price is attributed to this time slot. Based on the maximum electrical consumption of 57.3 

kWh/day in the month of July as shown in both “Table 8” and “Figure 14”, it is ideal to keep 

supplying this consumption from the electrical grid during the Off-peak hours.  

Table 7 Off-Peak Hours Electrical Consumption in kWh/day during the Year 
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Figure 15 Graph of the Electrical Consumption during the Off-Peak Hours 

 

3.3 FINANCIAL ANALYSIS 

 The economic study is important in order to assess the profitability of the design. The 

technical part of the analysis included the parameters of the photovoltaic battery storage 

system. It focused on the engineering aspect of each component including the necessary 

calculations and the needed simulations in order to design a good system able to address the 

needs of the refrigeration system of the farm. The first stage of the financial analysis deals 

with having an idea about the costs of investment including the installation and the 

maintenance cost, then the calculation of the cost of  kWh to finally determine the payback 

period. It is to note that various components of the system are not available in the Moroccan 

market and have to be imported from foreign companies. Thus, an estimation has to be done 

concerning the actual price of the PV panels, the inverters, and the batteries.    

3.3.1 PV System 

3.3.1.1 Investment Cost 

This is considered one of the main key factors of determining if the system is going to be 

feasible and making a profit if installed. This parameter refers to all the costs related to the 

expenditures, including the cost of the components and their installation. It should be noted 

that not all the components are included. Still, for the most important, and especially in terms 

of cost, equipment are included in the table of the equipment costs generated using Excel 

(Table 9) 
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Table 8 Estimation Cost of the Equipment 

 

3.3.1.2 Installation Cost 

For the installation of the system, two technician will be in charge in order to have an 

estimated assembly period of one month. The average wage in Morocco is estimated to 13.46 

MAD/hour. Thus the cost of installation will be: 

𝐶𝑜𝑠𝑡𝐼𝑛𝑠𝑡𝑎𝑙𝑙𝑎𝑡𝑖𝑜𝑛 = 8ℎ × 30𝑑𝑎𝑦𝑠 × 13.46 𝑀𝐴𝐷 × 2 = 6460 𝑀𝐴𝐷 

When summing both the installation cost and the cost of the equipment, the total initial cost is 

determined: 586660 MAD 

3.3.1.3 Maintenance Cost 

The PV installations normally don’t require a heavy maintenance, still it is preferable to have 

a routine check in order to make sure that the components are working properly. This also 

prevent the production rate of the system from decreasing annually. The maintenance cost are 

for each year of the lifetime of the PV system, and are estimated at 5% of the total initial cost 

cost giving [26]: 

𝐶𝑜𝑠𝑡𝑀𝑎𝑖𝑛𝑡𝑒𝑛𝑎𝑛𝑐𝑒 = 586660 𝑀𝐴𝐷 × 5% = 29333 𝑀𝐴𝐷/𝑦𝑒𝑎𝑟 

3.3.1.4 Estimated kWh cost 

In order to determine the cost of the kWh using the PV system, five parameters are included: 

 The maintenance for every year defined by the maintenance factor Kem 
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 The Initial investment: Ii 

 The annual energy production of the system in terms of Watt peak per hour: P 

 Discount rate: DR 

 Lifetime of the system: n 

The first stage is to determine the Kem factor that takes into consideration the maintenance for 

every year along with the initial investment using the following formula: 

𝐾𝑒𝑚 𝑓𝑎𝑐𝑡𝑜𝑟 =
𝑀𝑎𝑖𝑛𝑡𝑒𝑛𝑎𝑛𝑐𝑒 𝑓𝑜𝑟 𝑒𝑣𝑒𝑟𝑦 𝑦𝑒𝑎𝑟

𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡
=

29333

586660
= 0.05 

Moving to the discount rate, the lifetime of the PV system panels along with the discount rate, 

which is estimated at 8% in this case [26]. The discount rate gives an idea about the real value 

of money of the projected investment, it is calculated using the following formula: 

𝐷𝑅 =
𝑡 × (1 + 𝑡)𝑛

(1 + 𝑡)𝑛 − 1
=

0.08(1 + 0.08)25

(1 + 0.08)25 − 1
= 0.0936 

Finally to determine the estimated cost of the kWh, that combine the Kem factor, the discount 

rate, the amount of energy produced during the year using the system and the initial 

investment, the following formula is used: 

𝐸𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑘𝑊ℎ =
𝐼𝑖 × (𝐾𝑒𝑚 + 𝐷𝑅)

𝑃
=

586660 𝑀𝐴𝐷 × (0.05 + 0.0936)

88350 𝑘𝑊ℎ

= 0.95  𝑀𝐴𝐷 

3.3.1.5 Payback Period 

Based on the results of “PvSyst”, the annual production of the system is 88.35 MWh/year. To 

calculate the payback period, the recall of the initial investment is also needed and substituted 

in the following formula: 
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𝑃𝑎𝑦𝑏𝑎𝑐𝑘 𝑝𝑒𝑟𝑖𝑜𝑑 =
𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡

𝑌𝑒𝑎𝑟𝑙𝑦 𝑃𝑟𝑜𝑓𝑖𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑦𝑠𝑡𝑒𝑚

=
5586660 𝑀𝐴𝐷

0.95 𝑀𝐴𝐷/𝑘𝑊ℎ × 88350𝑘𝑊ℎ/𝑦𝑒𝑎𝑟
= 6.98 𝑦𝑒𝑎𝑟𝑠 

 Meaning that after 7 years the system will start making profit. It is to note that this is just an 

estimated value, since it is difficult to predict the exact year when the photovoltaic system will 

start generating profit. 

 

 

 

 

 

 

 

 

 

 

 

 

 



33 

4 CONCLUSION 

 

This document summarizes the work concerning the capstone project starting the beginning of 

this semester. It is introduced by stating the specifications and feasibility study of the project 

that consists of designing a photovoltaic battery storage system for a refrigerator of a farm in 

the region of Azrou. The work presented is also including the methodology followed in order 

to satisfy the design process. The first part of the methodology deals with the data collection 

regarding the solar electric applications in agriculture. The second part is about the study of the 

needs of the refrigeration system of the farm to finally design a photovoltaic battery storage 

system able to cover the determined needs.  

The financial analysis that was made, demonstrated that it is really interesting to invest in such 

a system since it will start making a profit after seven years from its installation. The installation 

includes 280 panels of 15 modules in parallel, each of 12 strings connected in series. The 

photovoltaic system is able to generate a power of 47.39 kWp and produce an annual energy of 

88.35 MWh. The project will occupy a surface area of 293 m2 which is an acceptable surface 

area compared with the 1Ha surface area of the farm. The financial analysis was not done for 

the battery storage system and will be conducted later for a future work. 
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APPENDICES 

Appendix A: Bill of the refrigerator for the month of August 
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Appendice B: Law of the renewable energy sector 
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Appendix C: PVgis generated document for Azrou 
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Appendix D: Schutten Solar PV solar panels  
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Appendix E: PVSyst generated document 
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Appendix F: Technical sheet of the SUNNY BOY 8000TL-US 
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Appendix G: Technical sheet of the EXZHELLENT SOLAR ZZ-F-0,6/1kV 

cable 
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Appendix H: Technical sheet of SUNNY ISLAND 8.0H 
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