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ABSTRACT 

 This Capstone Project is about the renovation of the Al Akhawayn University center in 

Zaouiate Sidi Abdeslam. This involves implementing a thatched roof structure that is stable 

and thermally efficient in addition to a thermal efficiency analysis of the building.  The 

Building is located at Zaouiate Sidi Abdeslam, Province of Ifrane and has a total area of 88.16 

m². The project requires the study and analysis of the roof structure and a thermal energy 

efficiency study in order to attain the objective of this project. 

 The current roof structure of the building are compared to different thatched roofs 

using different materials (Hay, Straws, Sammar…) using a thermal conductivity study of the 

different materials to be used in the roof structure. In addition, the use of thermal footage 

camera to identify thermal breaches in the walls. Furthermore, using different software’s to 

perform simulations.  

 

Key Words: Roof, thatched roof, thermal conductivity, energy efficiency, thermal insulation. 
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1 INTRODUCTION 

 1.1 CONTEXT 

 The world these days is facing global warming due to the mal usage of different 

products. In a broader scope, the high consumption of humans on the planet led to these global 

issues that harms the nature itself. In vain, this mal usage of products and energy could lead to 

more issues. It is estimated that the potential for energy saving in this sector at the global level 

is 40%. It is also a sector eminently strategic because of the long duration life of buildings: 

today's sustainable constructions will define the consumption of tomorrow. A building built in 

way that uses science in order to save energy will always be more efficient and less expensive 

that a simple building.  

 Nowadays, Moroccan heating consumption per m² has been increasing drastically in 

the past years. The excessive loss of energy is one of the biggest causes of this high 

consumption. This projects falls on the scope of implementing a thermal energy efficiency 

study of the building that will enhance the energy efficiency and decrease the high 

consumption of energy and heating consumption. The purpose of this calls upon the society to 

start implementing the thermal regulations standards provided by morocco that will eventually 

lead to less energy consumption. Based on the Moroccan thermal regulations statistics, the 

annual gains in heating and air conditioning vary from 25 kWh / m2 / year in the climate zone 

represented by Agadir to 116 kWh / m2 / year in the cold zone represented by Ifrane. It should 

be noted that, given the general nature of the climate in Morocco, heating gains are generally 

higher than those for air conditioning except in the case of hot climate areas, such as 

Marrakech and Errachidia. 
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Figure 1: Gain in Heat and Cooling in Morocco 

1.2 METHODOLOGY  

           This project’s purpose is to use the research, knowledge and experimental tools to 

compare the best roof structure based on stability,” permanent and temporary” load bear and 

the thermal energy efficiency of the roof and the building in a larger scope.   In addition to be 

able to understand the thermal behavior of different materials and also the different isolation 

materials used in the roof and the walls as well.  Moreover, a test procedure will be conducted 

using different software to prove the theory developed in the research and study.  

2. STEEPLE ANALYSIS 

The STEEPLE analysis consists of a way to assess the different features to identify the 

implications of the project on these features, which are: Societal, technological, 

environmental, ethical, political, legal and economical. In the list below is a STEEPLE 

analysis of the AUI center of Zaouiate Sidi Abdeslam renovation project implications:   

Societal Aspect: 

Concerning the societal aspect, this project will certainly have an impact on the 

society, as it will change the way people think and might be considered as a sensitization 

towards the importance of saving energy.   
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Technical Aspect: 

Nowadays, technology has invaded our world and became an important part of our 

lives. Technology has always been seeking improvement and higher standards. For this 

project, the purpose is to find the most effective way possible and most innovative way to 

produce a high standard outcome. [1]    

Economical Aspect: 

This project’s aim is to build an efficient roof structure that would abide with the 

energy efficiency standards in addition to an energy efficient building. This will automatically 

save energy consumption and thus save money. The residencies of the area are poor and do 

not have the means to heat the buildings; therefore, by following the Center and taking it as a 

model, this could help save energy and thus save money. [1] 

Environmental Aspect:  

This project also aims to a friendly environmental scope. The project is ecofriendly 

and results in saving energy. In addition, the use of different materials that are ecofriendly as 

well like Hay, Semmar and straws has less effect on the environment. 

Political Aspect: 

It is paramount the political view is necessary in any project that is to be implemented. 

This project’s aim is to save energy needed and thus lower the needs of the society in Zaouiate 

Sidi Abdeslam. Therefore, this project could help in lowering the foiling against the political 

system in demand of justice.  

Legal Aspect:  

 Based on the thermal regulation for construction in morocco, there are no legal 

obligations stating that the roof should be built with a specific material. As a matter a fact, the 

construction regulations states that it is mandatory to build a roof pitch in the region of Ifrane. 

As long as the project abides by the regulation in order to protect the citizens from harm. 
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Ethical Aspect:  

It is paramount to understand the legal implications of the project. The project is the 

use of knowledge to improve the lifestyle of the society in Zaouiate Sidi Abdeslam and is 

strictly beneficial to the people of the region in which they could copy the design and work 

with the same idea and standards.    

Literature Review 

 One of the most used heat transfer mechanisms that can be used is convection. It is 

used to preserve internal comfort thanks to the movement of air with different temperatures. 

This internal comfort can be obtained either by the occurring heat exchange between the 

interior of the building and the air or by using external sources such as heaters and coolers that 

use fans. 

 As a result of the increase in temperature, almost all the matters experience expansion. 

This expansion happen due to the increase of the speed of the matters’ particles which makes 

the distance between them higher and consequently makes the volume to become larger. The 

volume of the matters is where the expansion is more noticeable with sometimes some 

irregularities in the expansion of the dimensions with respect to others. When this case is 

encountered we accept the expansion to be a linear one and neglect the dimensions with less 

expansion. When it comes to a plate expansion we consider it an area expansion and if it is in 

three dimensions it is considered to be a volume expansion. [19] 

 

 “The aim of the study is to determine the thermal conductivity of reed roof in 

composite ceilings of civil houses, which are in use. The thermal conductivity of houses in use 

depends on the inside microclimate conditions and outdoor climate (cover of snow on the 

roof, blast of wind, radiation of frost, solar energy etc). Up to now the thermal conductivity of 

reed was identified in laboratory conditions without consideration of the outdoor climate 

conditions for roofs.” The coefficient of heat conductivity (λ, W / mK) is calculated using the 

thermal flow and both the temperatures inside and outside the roof, in this case made of reed. 

[8] 
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 Most of people think that roofs are only used to protect the inhabitants and the houses 

from the external elements such as snow or rain and to give a certain style to the house. Roofs 

play a more important role that people may even not know. For instance, roofs that are built in 

a good manner can help you save money by being energy efficient, weather-proof and 

resilient. 

3. Heat Transfer Overview 

Heat transfer contain three main subset categories: Thermal conduction, Thermal 

Conviction and Thermal Radiation. These three types of heat transfer govern how heat 

exchange is transmitted from one medium to another.  

   Thermal conduction: 

Thermal conduction is characterized by its particles that results in a translation of 

energy to K. energy. Therefore, thermal conduction is characterized by transferring energy 

through the colliding particles. Moreover, one of the essential part of conduction is done 

within electrons. Finally, energy is transmitted due to the displacement of the electrons. [4]     

Thermal Convection 

Thermal conviction is the transfer of heat due to the effect of “the bulk movements of 

the fluid”. Thermal convection is only taken into consideration for fluids. Particles have the 

capability to interchange within the system. The wider the distance is among particles will 

result in a low thermal conductive outcome. For thermal conduction, the energy transferred is 

caused by the displacement and collision of electrons. Moreover, once energy is gained by 

particles of a fluid, this automatically results in an expansion between these particles in order 

to replace the kinetic energy earned. [4]         

Thermal Radiation 

Thermal radiation is known for its characteristics to emit electro-magnetic waves from 

the object, which consists of its inner-energy change. The material diffuses radiation 

alternating from infrared to distant field. The whole body is considered as a source that emits 

thermal radiation and it receives back radiation emitted by the surroundings of the body. 
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Nevertheless, this radiation is linked to the structural of the molecules of the body that emits, 

receives and also the space crossed. The thermal radiation is also related to the ability to 

diffuse and gain heat. [4]    

Heat transfer is one of the most influential parts in energy loss within buildings. Heat 

loss can be resulted from either thermal conduction through walls, thermal convection through 

air and radiation. Heat loss is basically the heat transfer from a high temperature medium to a 

low temperature medium. Since our goal is to maintain a stable convenient temperature, the 

goal of this study is to prevent the heat loss.in order to well understand the mechanism of heat 

transfer within a building, it is known that temperature of higher level floor is usually higher 

than the lower levels. This fact is not in any way related to the sun exposure. The thermal 

conviction type of heat transfer transfers a large portion of heat to upper levels regardless of 

the heat loss through conduction. [4] 

As shown in the above diagram, a big portion of thermal heat follows a thermal 

conviction type of heat transfer. 

4. ZAOUIAT SIDI ABDESLAM 

Zaouiat Sidi Abdeslam is a small village located in the region of Ifrane 9Km far from 

Ifrane. Even though it is unknown, the city of Ifrane was named after this village that was 

called Ifrane in the 80’s. Zaouiat Sidi Abdeslam is known for its old history and stories told by 

the residencies of this village. [6] 

Based on statistics which were done, the village of has a population amounts to 849 

people which consists of 51% female. The percentage of the population below the age of five 

represents 6.49% of the population; children aging more than six years represents 1.23% of 

the total population. The percentage of individuals aging less than 15 represents 23.83%. The 

population that are between 15 and 60 years old represents 62.64% of the entire population, 

while people over 60 represent 13.53%. [6] 

Married people represents the predominant group, they represent 51.32% of the 

population. On the other hand, unmarried people represent 37.13% of the population. The 

divorced and widowed respectively represent 5.12 and 6.29%. [6] 
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Concerning the level of education documented, the distribution of the non-schooled 

population aging more than 10 years reveals that 45.18% of the sample population are 

illiterate. The proportion of illiterate women is higher than that of men (“57.67% for women 

versus 30.43% for men”). The population with professional trainings represents only 1.50% of 

the population. [6] 

Relevancy to the project    

The project’s main goal is to build a more ecological and energy efficient house with a 

low cost. People in the Zaouiat Sidi Abdeslam village have a very low income due to the low 

economy of the region. The region of Ifrane is known to be one of the coldest regions in 

Morocco. This results in a high need of heating costs such as wood or gas that amounts to 

almost 5000 MAD for the winter season. This project’s goal is to minimize the heating costs 

and relatively save energy by trying to enhance the structure of the roofs and walls of the 

houses. 

During several visits to the village of Zaouiat Sidi Abdeslam, I was able to interview a 

few people in order to know the problems face in winter. Their responses were almost the 

same. The people of the village suffer difficult winters since the region is cold. Their lack of 

the ability to buy tons of wood yearly for heating is one of the biggest problems. The 

residencies of the village do not have job opportunities and thus the majority of these people 

are unemployed, which makes it difficult to acquire essentials.  In some cases, people use oil 

heaters that eventually leads to high electricity bills. On the other hand, some people use gas 

heaters in order to heat the rooms and water which is not recommended since it not considered 

safe. Furthermore, the houses are built with zero insulation material and with simple burned 

bricks which implies a big heat and energy loss within these houses. The majority of the 

population are not aware of the thermal regulations due to the lack of education.  
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5. AUI CENTER ZAOUIAT SIDI ABDESLAM RENOVATION 

PROJECT 

Intent of the Project 

The project supervised by Dr. Asmae Khaldoune and empowered by Al Akhawayn 

University has two main goals. First, the development of the Zaouiat Sidi Abdeslam 

community; and second, introducing the concept of new energy efficiency in building to the 

community. It is very to state that houses in this region were built in a normal way due to the 

lack of resources. This study is also taking into consideration the financial costs of this project 

in order to introduce an efficient project that is also feasible and less expensive to make it 

reachable for the community. Taking a tour in the village, we noticed that the majority of the 

houses are built with flat roofs, which is not recommended for snowy regions. Because of the 

high cost of concrete roofs using ceramic tiles, people tend to go with the flat roofs which are 

less expensive. The purpose of this project is to introduce an energy efficient pitched roof 

alternative that is affordable and less expensive.    

6. ANALYSIS OF THE AUI CENTER 

During the visit to the AUI Center that is located in Zaouiat Sidi Abdeslam, we were 

able to analyze the structure of the building. The building consists of a ground-floor level with 

a rectangular shape with no pitched roof. The buildings’ different measurements are stated in 

table 1:  

Table 1: AUI CAENTER MEASUREMENTS 

Length 11.6 m 

Weight  7.6 m 

Height 3 m 

Surface Area 96 m 
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Performing an analysis of the structure of the building was imperative to identify 

heavily damaged points of interest. The building had a low temperature and the roof and the 

walls were in bad conditions; moreover, the walls and the flat roof were highly humid and 

damaged. We also noticed the several leakage points from the flat roof. There are two main 

problems facing the AUI Center building: Energy loss + leakage through the flat roof. The 

leakage in the flat roof arises from the accumulation of water or snow on the top. This leakage 

has damaged the roof layer including the paint layers. Heat loss through the roof tends to be 

high due to thermal convection inside the rooms in addition to the thermal conductivity 

through walls. Ifrane region belongs to “zone 4” which is considered one of the coldest 

regions of Morocco. The thermal regulations in morocco obliges the use of different materials 

in the buildings but on the other hand, the AUI center does not follow these regulations. The 

walls are made of one layer of bricks that are highly thermal conductive. The thermal 

conductivity of the walls is 1.7 W/mk, which is relatively high. Normally, in order to build an 

energy efficient building, certain criteria and material properties should be taken into 

consideration, also, certain insulation materials should be used in both walls and roofs to 

prevent a high energy loss. In addition, to walls, doors and windows also vary in energy 

efficiency. [3]     

Thermographic Analysis of the building 

 The general term thermal analysis refers to a set of techniques that permit the 

measurement, as a function of temperature, of characteristics of any physical property of a 

certain sample. These techniques often have a dynamic character, that is to say that the 

measurements take place during heating or gradual cooling of the sample, usually placed in a 

chamber whose temperature program is controlled. They are also applied in a static way, in 

isothermal or isobaric regime, to realize the most favorable conditions for the establishment of 

thermodynamic equilibrium. [20] 

Infrared thermographic analysis allows a complete diagnosis of the building. Thus it is 

possible to diagnose the different problems of a house. Thermographic analysis can detect the 

breaches of the energy loss of the house. Thus, the thermographic study enlightens us about 

the energy losses. Thanks to the thermographic analysis, it is possible to determine the 

breaches in a house. The thermal camera also shows air leakages, detects areas of moisture 

and shows areas of mold or other roof leaks. By using the thermography, it is possible to 
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visualize construction defects as well as thermal bridges and possible faults in electrical 

conduits and water pipes. This analysis can also include a study of infiltrometry to confirm the 

presence of these leaks. [20] 

 In order to identify the thermal breaches of the roof and the walls, we performed a 

thermographic analysis of the place. [20] 

 

Figure 2: Thermal Footage of AUI Building from Inside 

As we can see in the thermal footage from Figure 2, there is a bridge breach in the first 

corner of the house with a high relative humidity of 50%, which is considered relatively high. 

The breach expands through the wall in a horizontal as well. In addition the roof shows a 

leakage that has damaged the flat roof which leaks water when it snows or rains. Moreover, 

the report on the left presents a detailed report that shows a high emissivity rate of 95% which 

means that the walls emit radiation at a high rate. 
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Figure 3: Thermal Footage of AUI Building from Inside 

  The second thermographic footage in Figure 3 shows a very concentrated breach in 

the corner. This breach expands to the left along the intersection of the wall and roof. The 

report also shows a 50 % relative humidity which relatively high as will and a presence of 

0.95% of emissivity which is considerably high. 
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Figure 4: Thermal Footage of AUI Building from Inside 

 

The third thermographic footage in Figure 4 shows a breach in the roof that would 

eventually lead to a high loss of energy loss due to thermal convection and thermal 

conduction. A big part is very moisture and humid caused by external effect. Seen from the 

roof top, the water generated from rain accumulates in this area, which eventually leads to 

damaging the roof structure and causing leakage.  
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Figure 5 : Thermal Footage of AUI Building from outside 

Considering the above thermal camera footage taken from outside (Figure 5), we can 

notice the how damaged the wall is and humid. Moreover, we ca, notice that the temperature 

inside the house is relatively very low. Moreover, the relative humidity given by the report is 

50 % which is also very high. As shown by the thermal camera, the wall temperature varies 

from 13.8 c° to 20 c°. The emissive ratio is also the same here 0.95.  

Relative Humidity 

Relative humidity is the quantity of H2O present in the air. It affects almost everything 

present in the air especially walls. Once humidity increases inside a building, walls soak the 

H2O present in the air, which eventually causes several issues. However, low level of 
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humidity can be as similarly as damaging by drying out the walls to the air. Relative humidity 

is relatively related to the temperature of the medium.  

Moisture can be found all around us even if we can’t see it. It appears in the shape of 

water vapor suspended in the air. The amount of moisture that can be found in a specific 

section of air with respect to the total amount of moisture vapor present in the air at a specific 

temperature is known as relative humidity (RH). It is noticed that the warmer the air the lower 

the amount of moisture since the density of air decreases when it is warm which will lead to a 

lower RH in comparison to the RH of air at a cooler temperature. The percentage of relative 

humidity can change depending on several factors. The ideal percentage of RH ranges 

between 30 and 40%.   A significantly higher or lower percentage can cause different 

problems. Walls and windows that experience a high level of relative humidity will be subject 

of condensation which is the exact same effect noticed on a glace after a hot shower. If these 

walls and windows are subject to that high percentage of RH for a long period of time, 

moisture will settle into them and damages will occur in the pain and wooden constructions. If 

the walls and windows continue to be untreated, the structures will become rotted and the 

moisture will expand. On the other hand, a low percentage of RH compared to the normal one 

will cause problems as well. One of the popular issues is related to the inner walls. It is an 

issue because in case the levels of moisture vapor found in the air are minimal, walls will 

crack open trying to attract moisture from its environs. This is why the relative humidity 

should be examined regularly with the aim to keep it as close as possible to its defined range 

(30-40%). [13]       

Heat Loss 

Emissivity 

In thermal radiation, the emissivity corresponds to the radiative flux of the thermal 

radiation emitted by a surface element at a given temperature, relative to the reference value 

that is the flux emitted by a black body at this same temperature. This last value being the 

maximum possible value, the emissivity is a number less than or equal to 1. Absorptivity is 

the radiative flux absorbed by a surface element at a given temperature relative to the incident 

flux. These quantities may be relative to a wavelength or to the entire spectrum, to a direction 
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or half-space limited by the surface element. They are closely linked by the physical laws that 

govern the radiation-matter interaction and thermodynamics. [17]  

  ε  = Q / ( T^4 *A * σ) 

Q = Heat Transfer Per unit time 

ε = Emissivity rate 

σ = 5.67 x 10 -8 The Stefan-Boltzmann constant  

T = Surface Temperature in Kelvin K 

A = Area of the Emitting Body 

To calculate the heat transfer by emissivity:  

Q = ε * T^4 *A * σ  

Taking the case of the wall from outside in Figure 6, we can calculate the heat transfer: 
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Figure 6: Thermal Footage of AUI Building from outside 

From Figure, the emissivity of the wall shows a value of 0.95 and a temperature of 

17.5 °C (Table 2). By converting the temperature to kelvin, we get the following value: T = 

17.5 °C = 290.65 K  

Table 2: Wall Properties 

Emissivity 0.95 

Temperature 17.5 °C 

Stefan-Boltzmann 

constant  

5.67 x 10 -8 

Area 34.8 m² 
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 Q = 0.95 * 290.65^4 * 34.8 * 5.67 x 10 -8 

       =13377.26 W = 13.377 KW 

Thermal Conductivity 

Thermal conductivity is the ability heat conduction of a certain material known by 

either k or λ. It characterizes the thermal conduction type of heat transfer. The thermal 

conductivity governs the heat rate change in a material and enables it to transfer through the 

material. This constant is calculated using the following equation: [20] 

K = Q ∗ L/A ( T 2 – T 1 ) 

Q = heat flow ( W ) 

L = length or thickness of the material (m) 

A = surface area of material (m^2) 

T2−T1 = temperature gradient (K) 

 

 

 

Tableau 3: Wall Properties [3] 

thermal 

conductivity 

1.7 W/mk 

Temperature 2 17.5 °C 

Temperature 1      6 °C 

Area 34.8 m² 

Length 0.2 m 

 

Taking the thermal conductivity of the walls (Table 3) to be: K = 1.7 W/mK 

Q = K* A * (T2-T1) / L 
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                                  = 0.9 * 34.8 * ( 290.65 – 279.15 ) / 0.2 

                                  = 1800.9 W 

 Design of the Center Using Design Builder 

Using Design Builder, a model of the current center was modeled in the software. The 

house was built using simple Burned Bricks having a thermal conductivity of 1.7 W/mk. The 

center is composed of two classrooms, tailoring room, Toilet, Kitchen and an office. The outer 

walls of the building have a thickness of 20 cm, while the inner walls have a thickness of 15 

cm. concerning the flat roof, it is constructed using concrete slab. Figure 7 shows the model 

retrieved. 
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Figure 7: Design of Current House using Design Builder 
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7. DESIGN OF ROOF STRUCTURE 

   7.1 STRUCTURAL FRAME DESIGN   

Constructing houses in the Ifrane region requires building a strong rood that could 

withstand the heavy rain and snow precipitation of the winter season. This is the reason why 

houses in the cities that surrounds the region of Ifrane especially Azrou, Lhajeb and Imouzar 

adopt a different roof structure type that differs from the other cities. Moreover, based on 

construction regulations in Morocco, it is mostly suggested to build the roof structure as a 

pitched roof to consequently ease the water and snow fall from the buildings. [9]. 

7.1.1 Roof Live Load   

Concerning the load of the precipitation of snow that falls over the roof are considered 

live loads, while rain precipitations are not considered as a problem. Snow precipitations are 

considered a big problem concerning the load due to its accumulation. The load of the 

accumulated snow depends on the quantity of precipitations and also depends on the density 

of the snow since it is changeable based on the snow flakes and volume of the precipitations. 

Moreover, the time it takes the snow to stop falling is considered a continual major issue 

taking into consideration the roof structures’ ability to with stand the weight. In addition, 

when frost falls over snow, it makes it more challenging since the snow stays on the roof for a 

while. Therefore, it is also difficult to draw conclusions about the loads of precipitations due 

to these external factors. Moving on to the theoretical part of the density of snow, snow that 

falls peacefully with no wing factors has a weight that varies from 50 Kgs to 70 Kgs per meter 

cube. Snow precipitation can reach 300 Kg/ m3 if it falls due to its own load. It can also reach 

up to 800 Kg per meter cube if other factors like wind interfere. In addition, the density of ice 

is around 917 Kgs per meter cube which makes more difficult as mentioned before. [5].  

7.1.2 Geometric Design  

In this project, we will be studying the roof design and structure of a building that has 

a length of 11.6m and a width of 7.6 meters. The area that is currently covered with concrete 

has a surface area of 88.92 m². Concerning the structure of this roof, a study will be made in 

order to determine the most suitable design to be implemented in this project taking into 

consideration external effect. 
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● Mono Pitched Roofs:  

This type of roof design is one of the simplest designs and easy to make. This design is 

a good choice when it comes to water or snow draining; in addition, it is easy to construct over 

an existing flat roof which make this mono-pitched roof easy to implement in the project of 

renovating this center. Nevertheless, this design has many disadvantages. Since the Mono 

pitched roof has only one side by definition, the height of the design would be considerably 

high which makes it more vulnerable to wind and extremely high snow precipitation. For a 

88.92 meter cube building and a 40° steepness angle, the height of the roof should be 6.36 

meters high, which is very high. Thus, this design has certain drawbacks despite its simplicity. 

[10].  

● Double Pitched Roofs:   

The double pitched roofs are also simple to design and commonly used as shown in 

Figure 8. These types of designs are constructed in a more flexible and practical way. To fairly 

do a small comparison, it is necessary to mention that although this design is commonly used, 

there exists some disadvantages towards this structure. This design has a weak spot in the 

middle which makes it vulnerable to strong winds and storms; however, the double pitched 

roof has a strong effect in water and snowfall accumulation draining which makes it very 

efficient [10]  

 

Figure 8: Double Pitched truss 
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● Hip Roofs:  

When it comes to Hip roofs, it is commonly known for its difficulty in building it, but 

also known for its strength in the draining of snow, load bearing, and durability. It is also 

compatible for cold areas and regions. Nevertheless, to make this type of design leads to a 

high cost, which makes it cost more than any other roof structure designs. It also difficult in 

the maintenance process. [10]  

● Curved Roofs:  

Concerning this roof design shown in Figure 9, it is considered the best one in terms of 

strength, durability and shedding precipitations. However, it is the most expensive design 

compared to the other structures. In addition, this design is often used for small houses and 

buildings which makes it less favorable for the project. Moreover, this design is only 

compatible with metal instead of wood. This makes it less functional and resistant to heavy 

loads. [10]  

 

Figure 9:  Curved truss 

After comparing the designs from above statements, a table of comparison has been set 

up to choose the best design. 

The table of comparison identifies the double pitched roof to be the most efficient 

design among the four structures. In addition, it is compatible with the dimensions of the 

building regarding other designs. Furthermore, it is less expensive, durable, and efficient in 

shedding live loads and the ability to include insulation in order to decrease the heat loss 

within the building. Even though the other designs has their own advantages, the pitched roof 

maintains its first place within the designs, which explains why it is the most used dominantly. 
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7.1.3 Strength Analysis 

In this part a Cantilever truss was modeled using Ansys, a software that analysis 

trusses’ deformations and maximum bearing load. In the following analysis the purpose is to 

determine the best cross section type of the components of the frame. A comparison between 

two types of frame cross-sections: Square section and a circular section.   

   

Figure 10: Design of the Cantilever Truss Using Ansys 

 

Figure 11: Deformation of the Cantilever Truss with a square section 

In Figure 11 this the frames used to build the trusses have a squared section. This 

analysis yields to a 1.7793 mm deformation. 
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Figure 12: Deformation of the Cantilever Truss with a circular section 

In Figure 12 the frames used to build the trusses have a squared section. This analysis 

yields to a 1.7793 mm deformation. 

 

Table 4: Deformation and Properties of the Cantilever Truss 

Double Cantilever DEFORMATION (MM) STRESS (Mpa) STRAIN 

SQUARE SECTION 1.77 17.069 0.000118 

CIRCULAR SECTION 4.015 75.415 0.00034 

 

From the analysis done using Ansys, Table 4 gives a summary report. The less the 

deformation is the better max load bearing. For the two types used in the truss we notice that 

the deformation using Square section is less than the deformation of circular, which draws a 

conclusion that using Square section Trusses of frames is the best method. 

7.1.4 Frame Design    

In order to decrease the cost of the making of the roof, the design will be built on the 

concrete flat roof that already exist, which means that it will not be necessary to rely on the 
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reinforced beams of the frames. In this project, the frame of the roof will be made with timber 

instead of metal in order to maintain amore ecological structure. The existence of the concrete 

flat roof will give the roof an added value since it will be reinforced. 

● Advantages of Using Timber  

Using timber in the construction of the building makes it very efficient since it gives a 

variety of advantages. For example, by using wood frame we can easily implement an 

insulation material that can help prevent heat loss. In addition, we can cover the frame with 

water proof material to prevent water leakage to the building. In addition, using timber in the 

construction of wood makes it flexible and recyclable if any changes are to be made in the 

building. [11]  

● Ecological:  

Nowadays, the world is facing disastrous problems caused by the excess use of 

harmful materials. When it comes to term eco-friendly, wood represents the best material to be 

used in the roof structure construction. “For example, a wooden floor beam requires 80 mega 

joules (MJ) of energy per square meter of floor space and emits 4kg CO2. By comparison, a 

square meter of floor space supported by a steel beam requires 516 MJ and emits 40 kg of 

CO2, and a concrete slab floor requires 290 MJ and emits 27kg of CO2”. [11]. [13]  

Using wood would also be useful if the buildings architectural plans change. The wood 

can easily be recycled and reused unlike concrete which would lead to a less cost effective 

reproductive work. Moreover, the use of world is more environmental friendly than the use of 

metal or concrete since these two would need different machines in order to make the frames 

which will lead to an energy loss  

● Cost:  

The use of wood in constructing the roof structure is by far less than metal and 

concrete. The cost of metal and reinforced concrete has a big significant impact. In addition, 

constructing the frames using wood would need less time and less hands on work then 

reinforced concrete. In addition, the transportation of wood costs less since wood has a light 

weight compared to other materials such as metal and concrete.  

● Energy Efficient:  
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When it comes to energy efficiency, would is considered to have a low thermal 

conductivity which has a value of 0.1 W/mk. It also has a percentage of moisture inside 

amounting to 12%. Comparing the thermal conductivity of the wood to concrete that has a 

thermal conductivity of 1.7 W/mk, the wood is more efficient than concrete. From the 

property of materials we can certainly conclude which material is energy efficient. In this case, 

wood is more efficient [7]. [15].   

7.2 ROOF SHEDDING & INSULATION MATERIALS.    

 

Figure 13: Thatch Roof 
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Figure 14: Reed Material 

As discussed in the projects’ goals, the purpose of this project is to build an affordable 

energy efficient new roof structure for the residencies of the region. After comparing the 

different possibilities of roof covering, the derived conclusion and best covering to be used in 

the project is reed (Thatch) shown in Figure 15. This choice is based on the following recap:  

● Low Cost:  

From comparing prices of different coverings for different materials to be used, we can 

say that reed (Thatch) came up to be the cheapest (Figure 14). Reed is natural and is sold in 

Morocco for a very low price. In addition, the way the reed is prepared is very simple. On the 

other hand, ceramic tiles are expensive. Reed is abundant and cheaper than the labor fees.    

● Ecological:  

Reed preparation has no harmful effects on the environment. Reed is a natural 

substance found in nature and exposed to sun for a period of time and then is ready to be used. 

Unlike other materials that need to be made in a certain factory which leads to loss of energy 

and intensive CO2 emissions that has a significant environmental impact. [26].  

● Energy Efficiency:  

The thermal conductivity of reed lies between 0.07 and 0.11 W/mk which is a low 

conductor. Thus, thermal heat transfer through reed is lower than other conventional materials. 

This property makes it suitable for cold regions. In addition, during summer, the reed covering 

tend to radiate heat in a fast and efficient way unlike ceramic tiles. These properties shows 



28 

why reed roofs (thatched roofs) are outstandingly efficient in winter and reduces the heat 

cooling need during summer. [8].  

● Why Thatched Roofs  

Using thatch roof instead of conventional tiles and reinforced concrete makes it more 

convenient for several facts. Particularly for this project, it would be beneficial for the 

residencies of the reason to use reed or thatch cover for their roof structures for its abundance 

in the region. Adding another advantage, the thatch or reed material tends to be very cheap, 

light and easy to work with. Its light load makes it good to lower the dead load of the whole 

structure. The abundance of this material gives it an advantage on other materials that are 

more expensive for the residencies of the region. Furthermore, our projects’ goal is to save 

energy and thus prevent heat loss due to heat transfer. The low thermal conductivity of reed 

gives the use of it as a roof cover a high advantage as it would eventually save energy. Reed 

has a thermal conductivity of 0.11 W/mk which is relatively low compared to other materials 

used in the covering of the roof. As an example of widely used conventional materials, 

Reinforced concrete has a high thermal conductivity of 1.7 W/mk compared to thatch. [7]. [8]. 

To enhance the efficiency of water proofing, a sheet of polymer can be added to the 

roof insulation in order to prevent any water leakage through the roof structure. Using would 

to fix the waterproofing sheets to the frames will enhance the waterproofing and also the 

energy efficiency of the building since this sheet has a low thermal conductivity of 0.475 

W/mk. [16].     

7.3 WATER DRAINING SOLUTIONS  

Water draining problems arise when implanting a roof in a building. The water 

draining issues which affects the neighbors should be taken into consideration. This issue is 

imperative to take into consideration since it is also discussed as a legal issue. According to 

the article number 62 of the Dahir, the roof should be designed in a way that sheds water and 

snowfall in a manner that does not affect the neighbor in any way. By choosing the Double 

pitched roof, it is necessary to take the water evacuation into consideration from both sides in 

order to avoid any legal penalties. Therefore, it is necessary to improve the draining system of 

the roof. [2]. 
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As a solution for water drainage, we can use PVC pipes that would evacuate water 

down smoothly. These PVC pipes need to be inclined in order to evacuate water to a common 

point of evacuation that is vertical in order to bring down the water. This water can be also 

reused if stored. If a tank can be implemented to gather the evacuated water, this water can be 

recycled and used.  

8. SIMULATION USING DESIGN BUILDER 

 

Figure 15: Design of the Current Building 

Table 5: Summary of the Energy Report of the Current Building during winter 
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Tableau 6: Summary of Cooling Energy Report of the Current Building During Summer 

  

 

After designing the building (Current Status) shown in Figure15 using Design Builder, 

a summary report of the heating energy during summer and cooling energy during summer 

was reported Table 5.  

 

 

Figure 16: Design of the Building after Renovation 
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Figure 17: Wall Adjustments 

 

 

Figure 18: Creation of Reed Material in Design Builder 
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Figure 19: Implementing the roof layers properties  

RENOVATED BUILDING 

Using design builder, a simulation had to be done in order to determine the change in 

energy loss after the renovation. 

Walls Adjustments 

By adding two layers to the existing one layer block in order to lower the thermal 

transmittance of the overall wall. In this phase, we added a 10cm Foam insulation which has a 

very low thermal conductivity. Moreover, we added a 10 cm outer leaf block to the outermost 

layer as show, in Figure 17. 

Roof Adjustments   

In this part, we had to create a Reed material (20 cm) in design builder by 

implementing its thermal properties as shown in Figure 19. Moreover, we added a mineral 

insulation material in order to enhance the thermal efficiency and waterproofing factors.  
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Table 7: Summary of the Energy Report of the Renovated Building during winter 

  

Table 8: Summary of the Energy Report of the Renovated Building 

  

After designing the building (Renovated) using Design Builder a summary report of 

the heating energy during summer and cooling energy during summer.  

Discussion 

 From the tables, we notice a decrease in the steady flow heat loss which implies a low 

heat loss and energy loss. The steady heat loss rate in the current building (not renovated) is 

reported to be 11.49 K.W (Table 6), and the Steady heat loss rate for the renovated house 

using thatched roof is reported 4.95 KW (Table 7). We can easily notice the decrease in 

energy loss within the building after renovating the building. The heat loss has shown to 

decrease by 56.91%. This decrease has a big impact on the energy efficiency of the building 

and thus lowers the heating costs significantly.     

  From these results we can conclude that the roof structure design using Thatch roof 

saves energy and helps decrease the energy loss within the building. This is explained due to 

the low thermal conductivity of the thatch which is approximately 0.11 W/mk.  Furthermore, 

the cooling energy needed during summer has decreased relatively also, which is explained by 
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the internal properties of reed that reflects the sun during summer due to radiation through the 

surface of the thatch roof.  

 The purpose of this project is to introduce a new ecological roof design that would 

prevent energy loss and increase energy gain within the building. This design proves this 

theory and the implementation of this design is energy efficient.    

9. Financial Analysis 

 In this part, a financial analysis of the roof building in order to determine the added 

value of implementing a Thatch Roof seen from a financial scope. A comparison between the 

conventional roofing structures and the Thatch Roof will be done based on material and labor 

cost to determine whether it’s a good primary investment or not.  

 Cost of Implementation 

The implementation costs of the project includes labor cost and material cost. The 

making of the reinforced concrete roof using conventional material differs from that of the 

Thatched roof design. A cross-comparison between prices should be conducted in order to 

determine the best primary investment for the implementation of the project. 

Table 9: Estimated Costs of Building a Conventional and Thatch Roof 

Roofing Type Conventional 

Roofing 

Thatch Roofing 

Frame material (Wood) 170 MAD/ m² 146 MAD/ m² 

Insulation 35 MAD/ m² 35 MAD/ m² 

Polymer Waterproof 

Sheet 

15 MAD/ m² 15 MAD/ m² 

Roof Covering 325 MAD/ m² 85 MAD/ m² 

Labor Cost 150 MAD/ m² 140 MAD/ m² 
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Total cost: 88.16 m² 67271.2 MAD 37115.36 MAD 

 

From table 9, we can see that the cost of making a thatch roof is 44.82% less than the 

cost of making a conventional roof. The Thatched roof is estimated to be 37115.36 MAD 

which is a good primary investment cost. It is noticed that the cost of labor exceed the cost of 

the reed material. From an investment financial perspective, the Thatched Roof is the best 

option from a financial perspective scenario.  

10. CONCLUSION 

This projects’ purpose is to design an energy efficient building using low cost and 

abundant material that would prevent energy loss. The project has implemented the scientific 

backgrounds and literature to have an efficient outcome. A scientific, ecological and cost 

effective study was conducted through the whole project in order to achieve the main goals 

and purposes of the project. In order to define the suitable design based on these three 

characteristics, a cross comparison between different conventional materials and ecological 

materials. The possibility of the implementation of the project showed a more advantages 

based on energy efficiency, eco-friendly and cost effectiveness.     

  Designing a roof structure for the project yield to the use of ecological materials and 

low thermal conductivity materials. The roof structure will cover an 88.16 m² surface area; it 

will have an inclined angle of 40° which makes it more effective in shedding the live loads 

especially snow precipitations. The Ansys software simulation also showed the advantages of 

using square section rather than circular section as the maximum deformation is minimum and 

the live load has a maximum bearable load. Moreover the roof design using thatch roof will 

lead to a 0.329 W/m2k transmittance value which relatively low compared to the reinforced 

concrete roof which has a transmittance value of 6.3 W/ m²k. Moreover, the steady heat loss 

rate within the building showed a 56.91% decrease which proves the theory. Thus we 

conclude that the renovation using reed designed roof will 56.91% more efficient than the 

conventional roof. Moreover, the roof design using thatch roof is cost effective with a cost of 

37115.36 MAD compared to the normal roof that will cost 67271.2 MAD. This yields to a 
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savings of 30155.76 MAD. Finally, the design makes the building more energy efficient and 

thus increases heat gains and lowers the heat loss due to heat transfer.  
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Appendices 

Appendix A: HEAT LOSS IN CURRENT BUILDING 
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Appendix B: HEAT LOSS IN RENOVATED BUILDING 
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Appendix C: COOLING ENERGY IN CURRENT BUILDING 
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Appendix D: COOLING ENERGY IN RENOVATED BUILDING 

 

 

 

 


