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Abstract 

This report is going to address the heating system of water in rural houses near Ifrane 

specifically in Zaouiat Sidi Abdeslam, Morocco. The objective of this capstone project is to 

design and build a solar water heater (SWH) which will be cost and performance efficient for 

the citizens of the village. The idea behind this project is that each capstone student will work 

on a part of the model house that was selected randomly in previous terms. I will be in charge 

of designing and building the solar water heater that will heat water used in the shower. After 

conducting a research concerning this topic, I found that there are different types of SWH, and 

a type was chosen. The goal of my design is to be efficient and to maintain a good water 

temperature of between 50 °C and 65 °C or more throughout the year. 
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Résumé 

Ce rapport traitera du système de chauffage de l'eau dans les maisons rurales près 

d'Ifrane, plus précisément dans le Zaouiat Sidi Abdeslam, au Maroc. L’objectif de ce 

projet de capstone est de concevoir et de construire un chauffe-eau solaire qui sera 

rentable et performant pour les citoyens du village. L'idée derrière ce projet est que 

chaque étudiant final travaille sur une partie de la maison modèle sélectionnée au 

hasard dans les termes précédents. Je serai en charge de la conception et de la 

construction du chauffe-eau solaire qui chauffera l'eau utilisée dans la douche. Après 

avoir mené une recherche sur ce sujet, j'ai découvert qu'il existe différents types de 

CES et qu'un type a été choisi. Le but de ma conception est d’être efficace et de 

maintenir une bonne température de l’eau entre 50 ° C et 65 ° C ou plus tout au long 

de l’année. 
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1. Introduction 

1.1 Background 

Renewable energies are one of the most trending topics and methods for generating electricity 

and energy in general used varied in different places and domains. Morocco has also adopted 

to this new technology for years now. One of the motives behind this is that the CO2 emissions 

in the last few years has grown since morocco is still developing as a country in the industrial 

field. It has jumped from 55,905 Kilotons in just 2010 to 59,864 kilotons in 2014[1]. In 2018 

alone, the country was able to generate as much as 35% of its energy production from renewable 

energies solely. The objective of the government is to become one of the leaders in this field 

with its “Noor Project” that will cover over 42% of the energy production in the country by 

2020. [2] 

1.2 Motivation 

One of the motivations behind this capstone project is to make an impact regarding heating the 

Zaouia’s water used in the shower. Continuing the efforts that have been done before regarding the 

building of an efficient energy house model that will push the village inhabitants to consider making 

changes to their homes, I will be in charge of heating their shower water using the solar radiations. the 

inhabitants use one of three systems of heating which are burning the wood, gas bottles and 

electrical boilers. This will help the environment by decreasing the CO2 emission that is 

produced from the three sources of water heating. Moreover, the cost of the renewable energies 

technologies is expensive and should be exported from other countries, which is too much for 

the villagers regarding their financial situation. Finally, the last motivation is that the villagers 

are in a bad financial situation which make it harder for them to maintain with the monthly 

expenses and bills, so my project will help by decreasing the monthly bills, save some cash and 

use it in other important things. 
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1.3 Methodology 

The aim and main objective of the project is to build a cost-efficient solar water heater (SWH) 

for the purpose of using it in the model house that was chosen randomly for renovation, which 

itself will be as a motivation for the villagers to consider doing such renovation for their houses. 

My project will be based on four major chapters: 

- Chapter 1 is a literature review that will cover an introduction to SWH 

technologies, types of SWH, efficiency of SWH, and the SWH in Morocco with the 

various projects and advancement done in this domain. 

- Chapter 2 is a field study in the area where my project will be based, doing an 

interview with locals, and asking them several questions which will help me best to 

understand the situation regarding heating their water, methods and costs for doing 

so. 

- Chapter 3 is the building of a cost efficient SWH, by providing all of the 

necessary parts being used in the project, the size, and the process. And it will also 

include a simulation of my project using T-Sol software to predict the CO2 emission 

saved, how much efficient my model is and other major calculations. This simulation 

will respect all of the constraints of my project such as the sizing, tank volume, the 

number of the house inhabitants, the shading if available, the inclination of the SWH 

system. Since there is no climate data of the Zaouia I will be using Ifrane climate 

data that can be found within the software. 

- Chapter 4 will be about the financial analysis of my project, which includes a 

lot of parameters such as the cost of production, the cost of maintenance, and the 

payback period which is for the purpose of making my project cost efficient and 
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reliable and economically reasonable.  And also, a generated financial analysis from 

the T-SOL software.
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2. STEEPLE Analysis 

2.1 Overview 

One of the most common tools used for planning a successful project management is the 

STEEPLE analysis. One alternative for this analysis is the SWOT, but STEEPLE is more 

advanced as it deals with greater detail and gives an overview of the external factors that would 

affect the feasibility of any project [3]. It is an acronym of 7 words as follows in the following 

table 1: 

Social This part is known as socio-cultural factor, and it is 

basically about the trends, behaviors and attitudes of a 

population, by which the analysist or marketer should 

respect and take into consideration in order to understand 

the customer’s needs. [3] 

Technological This part is about technology, as the business world has 

changed from what it was before and technology can be 

positive, as it can be negative if a business didn’t analyze 

the up to date advancement. In order to increase the profit 

margin, any business should monitor the technology 

industry and implement the latest advancement. [3] 

Economic This part deals with the economy side of any business. 

Economy is in a constant change and as long as decision 

making is concerned, then this part should be well managed 

and studied for a better strategic plan. [3] 

Environmental This part is about the environment that surrounds any 
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business, and it is one of the crucial factors that may affect 

companies. It can either be positive or negative for the 

company, depending on whether the business affect 

positively or negatively the environment. [3] 

Political This part deals with the laws or changes implemented by 

the governments. Any business should be aware and up to 

date with each law/ change stated by the government as it 

can affect the company’s stability. [3] 

Legal This part focuses on laws and how much the business 

follows it. To operate in a legal manner, companies should 

follow every legal requirement regarding safety, health and 

other factors. That is why every business should be updated 

with the latest laws. [3] 

Ethical This part is about ethics of the company, as it should respect 

the ethics of the societies and be socially responsible 

toward any population in order for the company to be better 

ethically. [3] 

 

Table 1: Overview of the STEEPLE Analysis 

2.2 Implementation of STEEPLE: 

 Social Impact: 

The main sources of heating the water in the Zaouia is wood burning, gas bottles 

and electrical boilers. These heating source bring indirectly a social problem which 
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is school dropouts among children caused by the lack of funds since it is used to 

fund these sources for heating water. My project will help a little bit with this social 

issue as the parents will save some money from using the solar water heater system, 

and use the saved money to fund their kids’ education. 

 Technological impact: 

In order to implement an energy efficient model house for the village, the solar water 

heater should be cheap because of the inhabitant’s financial situation as they cannot 

afford the expensive top line of such technologies. That is why my project will be 

cost efficient and with a reasonable performance for the villagers to profit from. 

 Economic impact: 

For this part, the annual cost of buying wood, gas bottles or paying for electricity to 

heat water consumed in the shower would decrease since solar water heaters is 100 

% renewable, and uses the sun rays. 

 Environmental impact: 

This project is 100% renewable energy that uses solar radiations to heat the water, 

and it will save the environment by decreasing the CO2 emission caused by the use 

of gas bottles, electrical boilers and wood burning. 

 Political impact: 

Morocco vision is to encourage people to use more renewable energy technologies, 

and this project is matching the long-term view of the government when it comes to 

the use of such technologies. 

 Legal impact: 
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SOLAR WATER 
HEATER DESIGN

SOCIAL
decreasing dropout 

percentages

TECHNOLOGICAL
cost efficiency of the 

project

ECONOMIC

Decreasing the cost of 
heating

Job opportunities will be 
created

ENVIRONMENTAL

decreasing CO2 
emission

healthier 
environment

POLITICAL participating in rural 
development 

LEGAL
ensuring the safety of the 

inhabitant when implementing 
the project

ETHICAL
matching the ethical mentality of the 

village

This project goes along with the laws and regulation of energy efficiency in the 

country. 

 Ethical impact: 

This project goes along with the ethics of the villagers as it does not touch or harm 

anyone privacy or ethical behavior of any of the inhabitants.  

2.3 STEEPLE Chart 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: STEEPLE Impacts Chart
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3. Chapter 1: Literature Review 

3.1  Introduction to Solar Water Heater technology 

Solar water heaters (SWH) are basically a system that uses the sun radiations in order to heat 

water or air which can be used in domestics or industries. It is not a new technology since it 

was used in the 19th century, where they painted tanks with black paints in order to absorb sun 

energy. But the disadvantage back then was the lack of insulation, which led to loss of heat 

rapidly [4]. Year after year, many improvements happened to this technology, starting from 

increasing the efficiency of the system by adding a metal panel to the tank by Clarence Kemp 

in 1891 [4], then in 1909 a large quantity of SWH were being sold by William Bailey because 

of his model that contained a coiled pipe collector inside a box covered with glass and comes 

along with an insulated indoor storage tank for heated water [4]. Nowadays, more of this 

technology is being used because of the growing energy crisis, as the fuel prices are sky 

rocketing, also the increase of CO2 emission which very dangerous for the future of the planet’s 

environment.  

3.1.1 Types of SWH 

There are two types of solar water heaters: 

 Active SWH: 

Which includes two types itself: 

o Direct-Circulation Systems: the water is circulated using a pump 

through the collectors into the home, and it is used mainly in places 

that rarely freezes. [5] 

o Indirect circulation systems:  a non- freezing, heat-transfer fluid is 

circulated using a pump through the collectors and a heat exchanger, 
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which heats the water used into the house. This type is mainly used 

in freezing temperatures. [5] 

 Passive SWH: 

Which includes two types itself: 

o Thermosiphon Systems: in this type, water rises naturally from the 

collectors to the storage tank, after the water is heated it rises in the 

tank and the cooler water sinks down and it requires no external force 

to move the water such as a pump. [5] 

o Integral Collector- storage Passive Systems: water flows in large 

tubes within the collector by the pressure of normal water and stays 

in the tubes to heat which work also as a storage for the water. When 

the hot water is required, the heated one is circulated by cold pressure 

that replace it in the tubes. [5] 

the following figures 2, 3 summarizes the different between active and passive solar water 

heaters. 

 

Figure 2: Active Solar Water Heater [6]  Figure 3: Passive Solar Water Heater [6] 
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3.1.2 Types of Collectors in SWH 

There are two main types: 

 Non-Concentrating Collectors: 

it includes two types itself: 

o Flat Plate Collector (FPC) 

o Evacuated Tube Collector 

 

 

 

 

Figure 4: Flat Plate Collector [7]   Figure 5: Evacuated Tube Collector [8] 

 

 Concentrating Collectors: 

o Parabolic Trough 

 

  

 

 

 

Figure 6: Parabolic Trough [9] 
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3.1.3 Efficiency of Solar Water Heaters 

Although solar water heaters have the same method of capturing solar radiations and 

transferring it into heating energy for various liquids, still each type differ from the other in the 

thermal efficiency rate because of its components, and materials that was used in order to build 

it. Each type of collectors has its own efficiency depending on the ambient temperature, where 

we distinguish three types of temperatures as follows: 

 Low- temperature systems: 

o Usually uses unglazed collector. 

o Operates at low temperatures areas where it is up to 10 °C. 

o Often used for heating swimming pools. [10] 

 Mid- temperature systems: 

o Usually uses flat plates collector. 

o Operates at temperatures between 10 °C and 50 °C. 

o Used for indoor heating system and liquid heating. [10] 

 High- temperature systems: 

o Usually uses evacuated tubes collector. 

o Operates at temperatures more than 50 °C. 

o Generally used for absorption cooling, electricity generation and also 

as a water heating system. [10] 

So, for the thermal efficiency it depends on the temperature of the collector in relative with the 

ambient air temperature, the following figure 7 summarizes the efficiency of each of the above 

collectors: 
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Figure 7: Efficiency of the Unglazed, Flat Plate and Evacuated tubes collector [10] 

3.2 Energy in Morocco 

The Moroccan energy market has been growing rapidly since 2009, which led to the opening 

of a lot of private investment interested in the renewable energy and energy efficiency sectors 

[11]. In 2012, the Moroccan Kingdom has been partnering with the German Republic in the 

energy sector [11]. This partnership is mainly about facilitating the information about the 

Moroccan market for private German investors. There are multiple actors in the energy sector 

and each one of them is responsible for a something in the energy sector of Morocco, here is a 

few of them: MASEN, AMEE, IRESEN, AMISOLE [11].  

3.2.2 Solar Energy in Morocco 

a. The Moroccan Project of Solar Energy 

This project aims to develop a capacity of electrical production from solar energy to a total of 

2000 MW in five major cities: Ain Bni Mathar, Ouarzazate, Foum Al Oued, Boujdour and 

Sebkhat Tah. One of the outcomes of this projection is that the role of solar energy in Morocco 

will increase by 14% and a total of 3.7 million tons of CO2 emission will be prevented [12] 

b. Development Program of the Moroccan market for solar water 

heaters 
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This project aims to increase the installation of thermal solar sensors from 440,000 m2 that was 

realized back in 2012 to 1.7 million m2 by 2020. The outcome from this project is to generate 

1190 GWh of thermal energy and avoid 920,000 tons of CO2 emission. [12] 

c. Renewable energies laws   

 Law 13-09 on renewable energies: 

o Adopted in 2010 

o Any company or individual is subject for a prior declaration on the 

realization or the modification of energy production for renewable 

energy source if: 

 Electrical is between 20 kilowatts and 2 megawatts 

 Thermal is greater or equal to 8 megawatts [13] 

 Law 47-09 on energy efficiency:  

o Adopted in 2011 

o The aim is to: 

 Avoid wastes 

 Improve energy efficiency  

 Decrease the cost of energy in the Kingdom [14] 

3.2.3 Solar Water Heaters in Morocco (Shemsy Project) 

In 2016, an agreement between Sidi Mohammed Ben Abdellah university This project aims to 

increase the installation of thermal solar sensors from 440,000 m2 that was realized back in 

2012 to 1.7 million m2 by 2020. The outcome from this project is to generate 1190 GWh of 

thermal energy and avoid 920,000 tons of CO2 emission. [15] 
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3.2.4 Solar Irradiation in Morocco 

GHI: 

 

 

 

 

 

 

 

Figure 8: GHI map in Morocco [16] 

Looking at the map in figure 8 the GHI is as follows: 

o The lower half of morocco has a high value of more than 2,100 KWh/m2. 

o The upper part of morocco has less than 2,000 KWh/m2. 

DNI: 

 

 

 

 

 

 

 

Figure 9: DNI map in Morocco [16] 
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Looking at the map in figure 9 the DNI is as follows: 

o The right side of Morocco, the Atlas region, Marrakech, Agadir and from 

Laayoune and down has a value of more than 2,300 KWh/m2 

o The upper sea side and some parts from morocco such as Fes meekness have a 

value that doesn’t pass 1,900 KWh/m2 

TEMP: 

 

    

 

 

 

 

 

Figure 10: TEMP map in Morocco [16] 

Looking at the map in figure 10 the TEMP is as follows: 

o The average of the temperature in Morocco is between 26 0C and 16 0C except 

the atlas region where it varies between 6 0C and 12 0C. 

Looking at the data, we can conclude that Morocco is one of the best places to implement any 

project that has a relation with solar energy, such as solar water heaters.  
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4. Chapter 2: Zaouiat Sidi Abdeslam 

4.1 Location: 

 

 

 

 

 

 

 

 

Figure 11: Location of Zaouiat Sidi Abdslam [17] 

Zaouiat Sidi Abdeslam is located just 10 minutes outside the city of ifrane, to get to it you have 

to take the route of Ain vital and it will take you directly to the village.  

4.2 Close Up: 

Zaouiat Sidi Abslam is a small village where its population is around 2,000 inhabitants. 

Historically, it is built around the tomb of Sidi M’hammed Ou-Boubker. The condition of the 

inhabitants is very poor, where the main source of finance is either through agriculture or 

building construction work outside the village in the city of ifrane. As for the houses, they are 

badly built and most of them are not completed especially the roof part. 
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Figure 12: Pictures of houses in Zaouiat Sidi Abdslam  

 

As you can see in the figure 12, the houses situation is very rough, and need to be renovated in 

order to implement the solar water heater system. After investigating the village, most of the 

houses were lacking the snow tile which will be a challenge for us to fix the SWH system. But 

hopefully after we finish the model house that was selected randomly, the villagers would have 

the courage to take a step forward and renovate their houses. 
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4.3 Local interviews 

a study was conducted in order to come up with an idea on the situation of the villagers 

regarding the process of heating their water and the method used. So, I conducted a local 

interview with 8 people, 6 males and 2 females. I could only take a picture with only two of the 

6 males, and the others didn’t want to take a picture, I also couldn’t interview more people 

because the majority do not like to talk to strangers since I was not with any official 

representative of the project form the university.  

The following questions were asked: 

Question 1: 

 What is the source for heating water? 

 

 

 

 

 

 

 

 

 

Figure 13: Pie Chart of the Sources of Heating in the Village  

From the 8 interviewed people, 50% heat their water using gas, 13% electricity, and 37% wood. 

It is pretty obvious that the method for heating water dominating would be gas or wood, since 
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the use of electrical boilers in rural areas is very low, so they use the alternative which are gas 

bottles or burning wood. 

Question 2: 

 How much does it cost for heating water? 

 

Figure 14: Column Chart of Heating Cost in the Village  

For the figure 14, gas users pay monthly 280 MAD to buy the gas bottles, electricity users pay 

approximately 350 MAD and wood users around 480 MAD. These costs are only for heating 

water used in the shower, except the wood burning it is used both for heating water and house 

heating. Even though, it is pretty expensive while looking at the situation of the villagers, and 

the socio- economic problems that they have. That is why the solar water heater would be 

convenient since it will reduce these monthly costs. 

Question 3: 

Do you feel the need for a change in the method of water heating? 
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Figure 15: Pie Chart of the Need for a Change  

The majority of people interviewed were in favor for a need for change because they feel like 

there are a lot of things to be done in the village such as: 

o Roofing the houses. 

o Rebuilding the walls to be energy efficient. 

o Implement the solar water heater technology to reduce the monthly costs. 

Question 4: 

Would it be interesting for you to save some cash in implementing our heating technology? 
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Figure 16: Pie Chart of villager’s interest on Implementing the SWH  

According to the results, 67% of the people interviewed accepted the idea of implementing a 

new technology in order to reduce the heating cost per month and save some cash that can be 

used to solve other social problems like school dropouts where they can use the cash to fund 

the education of their kids. Plus, this new technology will go according to the previous projects 

that will be implemented in the village like the roofing of the houses, since a lot of them are 

still unfinished.  

 

 

 

 

 

 

 

Figure 17: Local interview with two of the interviwe  



 

 

22 

The local interview was with two men aged between 20 – 24 and that were aware of the situation 

in the village regarding water heating methods, which I stated above in the interview analysis. 

They were very friendly and provided me with valuable information and it is as follows: 

o Some household consumes approximately 6.5 tons of wood per year that is used for 

heating water and the house. 

o The cost of 1 ton of wood is around 1,000 MAD. 

o Some houses consume monthly 3 to 4 gas bottles to be used in heating water and 

cooking food. 

o The price for one gas bottle is around 70 MAD. 

o The use of electricity boilers is low because it consumes a lot of electricity per month, 

without forgetting that the electricity bill is already high for the low income of the 

villagers because they are part of the urban zone of ifrane, so they pay like the paying 

rate in the city of ifrane. 

4.4 Climate data of the area 

Due to the lack of climate data of Zaouiat Sidi Abdeslam, I will be using the climatic data of 

Ifrane since it is just ten minutes outside Ifrane, so the data would be somehow the same. 
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Figure 18: Colum Data of Temperature in Ifrane[18] 

This figure 18 represents the monthly average of rain fall and temperature. as we can see the 

months where there  is a high average temperature is in the summer (June, July, august, 

September)where the temperature is more than 15 0C and it can reach up to nearly 25 0C, but 

in the other months, it does not go below 6 0C. as for the water fall December, January February 

and march have the most rain fall where the rain is more 80 mm. 

 

 

 

 

 

 

Table 2: Detailed Table of the Temperature in Ifrane[18] 
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This table 2 gives a detailed data about the monthly temperature and rainfall in the area of 

Ifrane. As we can see the minimum average temperature possible in the cold months 

(November, December, January, February, and march) is 2.7 0C in January and the maximum 

is 7.6 0C in November. as for the hot months (April, may, June, July, august, September and 

October) the minimum average temperature is 9.9 0C in April and the maximum is 21.8 0C in 

July.  
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5. Chapter 3: Building of SWH, simulation and calculation 

5.1 The Building of the SWH: 

For the design of my solar water heater system, I chose the flat plate collector as a model for 

my system. 

5.1.1 Parts used to build Flat Plate Collector: 

Component Name Component Picture Component Size 

Collector Housing 

(Made of iron) 

 

Length:2000mm 

width: 1000m 

height: 100mm 

Insulation 

 

Length:1960mm 

width: 960mm 

height: 50mm 

Copper Tubes 

 

Length: 6000mm 

Diameter:38 mm 
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Glazing 

 

Length:1960mm 

width: 960mm 

height: 6mm 

Table 3: Different components for building the FPC 

5.1.2 The building of the flat plate collector 

After going through all of the types of solar water heaters, I selected as I said before the flat 

plate collector as the model that I would be building for the model house in the Zaouia. So, I 

went to a blacksmith and I give him the size of the collector house that he will build for me as 

stated above in the figure since it is made of iron. The process of making the iron collector 

house took him around 5 days. And the final outcome is as in the following figure 19: 

 

 

 

 

 

 

 

 

Figure 19: Collector housing 
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After finishing the iron box, I went to buy the other materials needed to finish the project. I 

went and bought 6 meters of copper tubes, and a 2 meters square insulation material as indicated 

in the figures 20 and 21.  

 

 

 

 

 

 

 

Figure 20: 6 Meter Copper Tube   Figure 21: Insulation Material 

As we can see from the two figures 20 and 21, the insulation is of the purpose to decrease 

thermal losses and absorb the some of the energy lost and increase the flat plate collector 

efficiency. The copper tubes will circulate the water inside the collector and absorb the sun rays 

and turn them into useful heat for water. To increase the absorption rate of the copper tubes, 

they will be painted in black because black color has high absorption of sun rays. The copper 

tubes will be bended and reformed as a serpentine inside the collector. The final part is the 

glazing of the collector which is the cover glass that will cover the flat plate collector and protect 

the system form rain or snow. The type of glass to be used is the toughened glass of a thickness 

of 6 mm.  
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5.1.3 Advantages and disadvantages of FPC 

Advantages - Disadvantages 

- No emission of CO2 

- Easy to install  

- Simple structure (easy to build) 

- Easy to fix  

- No need for a tracker 

- More likely to withstand 

difficult outdoor conditions 

- Generally moderate efficiency, 

especially in bad weather conditions 

- Leaking problems   

Table 4: Advantages/ Disadvantages of the FPC [19] 

5.1.4 Thermal efficiency of the collector 

After building the collector comes the calculations part, where we can estimate the thermal 

efficiency of the collector using some formulas. 

Thermal efficiency of solar water heaters is not static. It is calculated by the division of “useful 

energy out” over “energy available”. 

Energy available is the radiation arriving to the collector’s surface. And it is symbolled as AI 

Useful energy out is the net thermal energy embodied in the hot fluid leaving the collector outlet 

pipe. 

the thermal efficiency can be calculated using the formula: 

  [1] 

where  

 Qu is the useful energy out  
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 A is the area of the collector in [m2] 

 I is the solar radiation in the collector plane in [W/m2] 

From equation [1], we need to calculate the Qu using the following equation: 

 

where 

 m is the mass flow rate in kg/hr 

 Cp is the specific heat capacity [j/kg.K 

 To is the outlet temperature in K 

 Ti is the inlet temperature in K 

5.1.5 Testing of the Flat Plate collector 

On Sunday 14, 2019, I went to Azrou where my project was built, and it was done, so I had to 

test it. The test was done during the whole day, and each hour I recorded the temperature of the 

inlet and outlet of water, also the temperature of the collector. The weather on Sunday was as 

follows: 

 

 

 

 

Figure 22: Line Chart of Recorded Hourly Ambient Temperature in Azrou 
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The figure 22 represents the hourly temperature recorded in Azrou on April 14, where the 

orange line is the average temperature during the day, and blue line is the hourly temperature 

of Azrou. 

I started my test at around 10 am, where the ambient temperature was 19 0C, and I kept 

recording the temperature of the outlet of the collector each hour until 7 pm where I finished 

the experiment. The data that I got is as follows: 

 

 

 

 

 

 

 

Figure 23: Line Chart of Recorded Hourly Inlet and Outlet Temperature of the FPC 

The figure 23 shows the change in the outlet water temperatures of the flat plate collector 

from 11 am to 7 pm, and the average of the temperature was calculated which gave an 

average of 61.3 0C. so as a shower temperature, it is good since I already said that it has to be 

between 50 0C and 65 0C.   

5.1.6 Simulation Using T-SOL 

T- sol is a software where you can simulate a solar water heater and calculate the yield of the 

collector over the annual cycle using climatic data that you want from whatever region and 



 

 

31 

country. This software offers a lot of systems as it offers customizable systems depending on 

your own size of collector and the different parameters that you want to use in it.  

I. Step 1: Selection of the system 

In T-Sol software, you have a lot of choices of solar water heater system, there are variant types 

and kinds. You can find even solar water heaters from different companies that build it. 

For my project, I selected the standard system which is a regular flat plate collector with a 

storage tank linked to it and used only for heating water used for shower. 

The following figure 24 summarizes the system 

 

 

 

 

 

 

Figure 24: Selecting the SWH system in T-SOL 

II. Step 2: Configuration of the parameters 

 of the system 

After selecting the flat plate collector, I then used the configuration tools available in the 

software to enter the different parameters and measurements as my real flat plate collector, as 

in the following figures 25, 26, 27, 28: 

 the collector: 
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Figure 25: Entering Parameters for the FPC 

The type of my collector is standard flat plate, that contains the above components, and painted 

with a black pigment paint to increase efficiency.  

I set the area as the real one with a value of 2 m2, and the active area is 1.94 m2 

As for the piping, it will a total of 10 m, 8 m inside the house and 2 outside the house, and with 

a flow rate of 0.5m/s 

The collector will be on top of the house roof with an inclination of 45 degrees to the south 

because the sun is rising from the south of the house. 

the storage tank: 
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Figure 26: Parameters of the Storage Tank 

a standard water storage tank was selected with a volume of 300 L, height of 1.8 m and diameter 

of 0.48 m 

insulation thickness of the storage tank is 100 mm, so the software generated the predicted 

losses that was 2.69 KWh/Day and a thermal loss of 2.49 W/K 

the shower: 

 

 

 

Figure 27: Parameters of the Shower 

the desired temperature was entered with a value of 65 C, and the water temperature was 

generated form the ifrane climatic data entered. 

the daily consumption in the house was selected with a value of 250 L/Day, so the software 

generated the annual requirement of 5,231 kWh, and a maximum daily requirement of 4.85 

kWh. 
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Climate Data: 

 

 

 

 

 

 

 

 

 

Figure 28: Setting Climate Data in T-SOL 

The software offers a range of cities and countries from all over the world, since the Zaouia is 

near ifrane city, and because of the lack of climate data of the zaouia, ifrane city was selected 

for this simulation. 

III. Step 3: running the simulation 

The simulation gives predictions of the system efficiency, and other factors during 365 days 

according the climate data entered 

The following figure 29 gives a preview of the simulation: 
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Figure 29: Preview of the Simulation in T-SOL 

As we can see from the figure, the orange color represents the instantaneous temperature of the 

collector which is in the range between 75 0C and 90 0C, and the storage tank color represents 

the instantaneous temperature which ranges between 60 0C and 75 0C which will then be 

supplied to the shower for it be used. 

IV. Step 4: results 

After finishing the simulation, the software then generates the project report and results that 

includes several graphs about the different factors of the projects.  

Figure 30: Annual Irradiation onto the FPC 

In the figure 30 above, after the simulation, it gives the specific and the absolute annual 

irradiation onto the collector surface. Even though there is a shading, still it won’t affect the 
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specific or the absolute annual irradiation, the difference is only around 33 kWh/m2. As for the 

optical losses it is calculated in the software and value at around 1,047.6 kWh/m2. 

 

Figure 31: Line Chart of CO2 emission avoided and Natural gas Saved 

The figure 31 above, shows the CO2 emission avoided and the natural gas saved for each 

month. For the CO2 avoided, it varies from a minimum of 25 kg in February to 43 kg in august. 

As for the natural gas saved, the minimum is 22 m3 and the maximum is 39 m3. The total CO2 

emission avoided during one year is 420 kg and 199 m3 for natural gas saved. 

 

 

 

 

 

 

Figure 32: daily FPC temperature  
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This figure shows the maximum collector temperature per day. The values vary from day to 

another depending on the weather change, but in overall the maximum values can be seen 

during April, May, June, July and August, with a value of more than 70 0C in several days of 

those months. As for the minimum it can be seen during the cold months from October to 

January with values than can reach to less than 25 0C. 

 

 

 

 

 

 

 

 

 

 

Figure 33: Summary of the Simulation 

This figure 33 summarizes all of the results generated in the simulation, and it is as follows: 

o CO2 emission avoided: 420.35 kg 

o Natural gas saved: 198.8 m3 

o Irradiation on the collector surface is 2056.84 * 1.94 = 3,990.27 kWh 

o System efficiency: 40.5% 

Although the system efficiency is 40.5% which is still a moderate number regarding the 

materials used to build it. The household should have an auxiliary energy source that will heat 

the water when needed, such as a gas bottle or an electric boiler or even wood burning. So, this 
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system in the Zaouia can be used as a secondary system for heating especially in the cold 

weather where there is no sunlight available. 

Energy lost in the system 

 

 

 

 

 

 

 

 

 

 

 

Figure 34: Losses Generated by T-SOL 

The figure 34 gives the different losses that can occur in the system, this data was generated 

after the simulation and it is as follows: 

o Optical collector losses: 1,276 kWh 

o Thermal collector losses: 904 kWh 

o Internal piping losses: 267 kWh 

o External piping losses: 70 kWh 

o Tank losses: 341 kWh 
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5.1.7 Minimizing Losses and Increasing Efficiency of the 

Collector 

i) Building a movable reflector: 

o The idea behind this is to build movable reflectors in the two sides of the flat 

plate collector. 

o Both of them will be with the same area or slightly less than the collector. 

o The materials which will be used is either aluminum or glass as a reflector. 

 

 

 

 

 

 

 

Figure 35: Installed Movable Reflector in the FPC [20] 

As we can see from the figure 35, the sun is reflecting in the flat plate collector, as well as the 

movable reflectors which themselves reflect the sun rays toward the collector. For our project, 

we can use one movable reflector rather than two because it will be expensive. The only 

drawback is that the sun should be tracked and each time period the reflector should be placed 

in the side opposite to the sun. 
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ii) Using the phase changing materials (PCM): 

What is PCM: 

Phase changing materials are often used to store heat and release it later. At a certain 

temperature, the absorption of heat melts the material. Then when the temperature drops, the 

material return to it solid form and releases heat that can be used. 

Types of PCM: 

There are two types of PCM, organic and inorganic: 

Organic:  

 Paraffin 

o Thermal conductivity: Low 

o Heat fusion: high 

o Melting temperature: -20 to 100+ 

o Latent heat: 200 to 280 (kj/kg) [21] 

 Non- Paraffin 

o Thermal conductivity: Low 

o Heat fusion: high 

o Melting temperature: 5 to 120+ 

o Latent heat: 90 to 250 (kj/kg) [21] 

Inorganic: 

 Salt Hydrate 

o Thermal conductivity: high 

o Heat fusion: high 

o Melting temperature: 0to 100+ 

o Latent heat: 60 to 300 (kj/kg) [21] 

 Metalics 



 

 

41 

o Thermal conductivity: very high 

o Heat fusion: medium 

o Melting temperature: 150 to 800+ 

o Latent heat: 25 to 100 (kj/kg) [21] 

 Advantages and disadvantages: 

Table 5: Adv/Dis of organic vs inorganic PCM [22] 

From the description above in table 5 of the different types and advantages and disadvantages 

of PCM’s, the most convenient to be used is the Paraffin wax, because it is a stable material 

that can be used for night heating. The working principle is that it will store heat by melting 

and returning to a state close to water, and in the night, it will turn to its original form and 

release heat for the copper tubes in the flat plate collector.  

 

 

 

 Organic inorganic 

Advantages - No corrosiveness 

- Low or no undercooling 

- Chemical stability 

- Thermal stability  

- Recycble  

- Non-reactive and safe 

- Greater phase change 

enthalpy 

- Inflammable 

- High thermal conductivity 

- Availability  

Disadvantages - Flammability 

-  Lower phase change enthalpy 

- Low thermal conductivity 

 

- Corrosion  

- Phase separation 

- Lack of thermal stability 
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Figure 36: Line Chart of the Difference Between FPC with and without PCM [23] 

The figure 36 shows the efficiency of SWH with and without using PCM. It is obvious that the 

efficiency increased especially after passing 25 C. So, using PCM in my project will definitely 

increase the efficiency of my collector. 
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6. Chapter 4: Financial Analysis 

6.1 Cost of heating in the Zaouia 

As in the survey analysis conducted in the area, the cost of heating in the Zaouia come from 

three sources 

o Gas bottles: 

 One bottle cost around 70 MAD, and the rate of using it is a bottle each week as a 

minimum because it is used for cooking and heating water, and heating the house 

so it can be consumed very quickly. it can come to a total of: 

 280 MAD / month 

 3,400 MAD / Year 

o Electrical boilers 

 As for electricity, although it is a village, still the people pay the same rate as the 

inhabitants of ifrane, the cost of electricity is around 450 MAD / month which is 4,200 

MAD / year, which is used only in the lightning of the house without using it for heating 

the water which will increase a lot the monthly electricity bill which can reach to more 

than 800 MAD/ month. And because of the financial situation, most of the villagers 

cannot afford as much as around 9,600 MAD / year, that’s is why it is rare that a 

household will use electricity boilers as source of heating their water, and this value is 

only for the house electricity and water heating without house heating, which can even 

increase if they use an electric heating. 

o Wood burning 

 This source is still the most common one that is used for heating water for shower, and 

they use it also for heating their houses during cold seasons. The cost of 1 ton of wood 
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is around 1,000 MAD, and in one year most of the households consume between 5 to 

6,5 tons per year, which give a total of between 5,000 MAD / year and 6,500 MAD / 

Year, and an average of 5,750 MAD / year. Which means this source has the greatest 

value because it is used for doing two things, water heating and house heating. 

Most of the villagers use either the wood burning as a heating source for their shower water or 

the gas bottles. Either way it is still expensive for them. Using gas bottles in heating water is 

the cheapest method of the three stated above, but the wood burning come with great value for 

its usability for two things. Then comes the electric boilers which expensive and rare in the 

village. 

6.2 Cost of Building the Flat Plate Collector 

using the measurements adopted and the local prices of each component, the following table 

summarizes the cost for building the collector. 

 

Component Size Price 

Collector Housing 2000 * 1000 * 100 mm  600 MAD 

Insulation 1960* 960 * 50 mm 250 MAD 

Copper Tubes Length: 6 m 

Diameter: 3.8 cm 

350 MAD 

Glazing 1960* 960 * 6 mm 300 MAD 

Table 6: Price of Each Component of the FPC 

 The total price of my collector building is around 1500 MAD. This price is very convenient 

for the villagers regarding their monthly bills, which will decrease if they start using this heating 

system.  
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The cost of the flat plate collector might increase if we want to increase the efficiency of the 

collector. As I suggested before there are two easy methods of which the efficiency can 

increase, which are: 

Using movable reflectors: this will increase the efficiency, and it has a low cost of building, it 

will cost around 400 MAD / unit, which is a good price regarding it durability time. 

Using PCM: as I suggested before, using PCM is one of the common ways to increase 

efficiency, and the most used is the Paraffin wax with a price of 15 MAD / kg. which is 

relatively cheap and affordable for the villagers. The rate of using PCM is thrice per month. 

6.3 Amount to be invested by the villagers and the expenses 

So, we can conclude that the price of building a flat plate collector can be divided in four options 

of investments: 

 Option 1: FPC only = 1500 MAD.  

 Option 2: FPC + PCM= 1500 MAD + 45 MAD / month = 2,040 MAD. 

 Option 3: FPC + Reflectors = 1500 MAD + 500 MAD = 2,000 MAD. 

 Option 4: FPC + PCM + Reflectors = 1500 MAD + 500 MAD + 45 MAD / month = 

2,540 MAD. 

Adding to these amounts, a 300 L water storage tank that costs around 500 MAD. 

The expenses that will have an impact of the price depends on the option that the villagers 

select: 

 Option 1: maintenance expenses (if the system broke or need to be repaired). The 

expenses are expected to be between 300 MAD and 600 MAD (The average is 450 

MAD). 

 Option 2: PCM yearly fee of 540 MAD / year + FPC maintenance (450 MAD) 
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 Option 3: maintenance expenses of: 

o FPC: 450 MAD.  

o Reflectors: if it needs to be repaired or replaced expected to be between 200 

MAD to 400 MAD (the average is 300 MAD).  

 Option 4: expenses of: 

o PCM: 540 MAD/ year 

o FPC maintenance: 450 MAD 

o Reflectors: 300 MAD 

To summarizes, the total that the villagers would pay to implement this technology in their 

houses is divided depending on the option chosen, and it is as follows: 

 Option 1:  

- investment = 2,000 MAD  

- Expenses = 450 MAD/ year 

 Option 2:  

- investment = 2,000 MAD  

- Expenses = 450 MAD/ year + 540 MAD/year = 950 MAD/ year 

 Option 3:  

- investment = 2,500 MAD  

- Expenses = 450 MAD/year + 300 MAD/year = 750 MAD/ year 

 Option 4:  



 

 

47 

- investment = 2,500 MAD  

- Expenses = 450 MAD/ year + 300 MAD/ year + 540 MAD/ year = 1,290 MAD/ year 

For the generated expenses it can be low because there will be only a fix expense which is of 

the PCM, and the maintenance of FPC and reflector it may be applicable or not depending on 

whether the system needs to be repaired or not.  

By selecting one of the options above, the villagers have the ability to save a lot of money from 

using the system. Mainly it can be used in the periods where there is sun and it is from March 

to October, and in any day that the sun is available. Otherwise, in the cold days they can use 

their usual method of heating. 
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7. Conclusion 

As a closure to this project, Solar Water Heater is one of the most beneficial method for 

heating shower water. And this is a great opportunity for villagers to reconsider their way 

of living and to adapt to this new technology that will save them great deal of money that 

can be used in other important things. As for the FPC, I think it is very friendly user, it 

does not require a lot of installations since it is one of the easiest to install and even to 

repair. The process of building the FPC was not complicated, the only problem was to 

find someone who can build something close to my design.  

The design is very simple to build, the idea is to build a collector house made from iron 

with an area of 2 m2 and a height of 100 mm, inside of it will be an insulation material, 

the area of the insulation is 1.94 m2, and a height 50 mm. on top of the insulation is the 

copper tubes with a serpentine look that is 6 meters in length and 3.8 mm in diameter. 

Finally, on top of everything a toughened glass of 6 mm that will cover the system from 

any weather conditions or danger.  

I tested the system to see whether the water flow smoothly, also whether the outlet 

temperature is within the specified range of 50 0C to 65 0C. I tested the system on a sunny 

day, and the results were as I excepted, the system has reached an average outlet 

temperature of 61.3 0C, which is within the specified range. 

The system was also simulated using T-SOL software that gives predictions of the 

thermal efficiency and other factors. The goal was to have an idea of the possibility that 

my system would work. I entered the parameters of the system as it is in real life and ru 

the simulation, which gave me an efficiency of 41% which is decent regarding the 

materials used. In order to increase it, i gave two options which can be achievable which 



 

 

49 

are using PCM or adding a movable reflector. Also, we can work on the materials used 

for building the FPC, for example using aluminum instead of iron, or using a better 

insulation and also adding an absorber that will increase the efficiency. 

As for the financial analysis, the investment amount was calculated and it is very 

convenient for the villagers since the value of the FPC can last up to 20 years. Even if 

something wrong happened within the system it can be easily fixed, since it is not a 

complicated design, and the maintenance fee is low. 

As for the future plans, I hope that this model satisfies the villagers and be useful for the 

renovated house, that will be as a model for the rest of the inhabitants to be courageous 

and try to implement whatever was done in the house for their own houses that will be 

economically and environmentally useful for them. 
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	- investment = 2,500 MAD
	- Expenses = 450 MAD/year + 300 MAD/year = 750 MAD/ year
	 Option 4:
	- investment = 2,500 MAD
	- Expenses = 450 MAD/ year + 300 MAD/ year + 540 MAD/ year = 1,290 MAD/ year
	For the generated expenses it can be low because there will be only a fix expense which is of the PCM, and the maintenance of FPC and reflector it may be applicable or not depending on whether the system needs to be repaired or not.
	By selecting one of the options above, the villagers have the ability to save a lot of money from using the system. Mainly it can be used in the periods where there is sun and it is from March to October, and in any day that the sun is available. Othe...


