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ABSTRACT: 

 

This Project is about using the knowledge obtained from evaluating the techniques 

and science behind the energy efficiency within buildings to design a roof structure that will 

be implemented in the ecological renovation of a house in the village of Zaouiate Sidi-

Abdeslam. The 77m2 house requires the design of a roof that is efficient in terms of thermal 

energy preservation and practical in its role of protecting the house against the volatile 

weather climate of Ifrane. 

Common ecological roof designs such as Photovoltaic Roofs, Green Roofs and 

Thatch roofs are studied and evaluated in order to gain knowledge and reference of the 

existing and potential technologies. 

A frame made from wooden King Trusses supports the suggested design of the roof 

structure. The static simulation shows that the frame can withstand up to 300 lbs./ft2 uniform 

load across the 59.87m2 double pitched surface of the roof. The surface of the roof will be 

made out of a 30 cm thick packed Thatch material that will give the roof a U-value of 0.353 

W/m2k.  

Keywords: Roof, Thermal Efficiency, Thatch, Ecological, Heating, Cooling  
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1.INTRODUCTION 

 

1.1 CONTEXT 

 Resource management may be the most significant yet underrated issue that is setting 

the human civilization back from achieving success and prosperity. There is a lack of 

awareness of the imbalance between the population growth and the ability to provide 

resources to sustain that growth. As we are growing more and more in number, we are 

relentlessly depleting the capability of our planet to generate resources. Our extensive usage 

of resources and the non-responsible yield of waste resulting from our consumption is having 

a detrimental effect on our environment. Consequences already began to unfold in recent 

times, with the landscape of our planet going through drastic changes. Average earth 

temperatures are on a steep rise reaping havoc on all weather patterns of the planet. Pollution 

levels are constantly reaching ultimate levels and permanently altering the biodiversity and 

richness of the planet. Consequences are exponentially trending down unless measures are 

taken to reverse the negative impact on the environment.  

 Fortunately, for the sake of a better future, the environmental scientific community 

has succeeded to raise concern towards the sustainability of our resources and the health of 

our environment. Introducing the ideologies of efficient consumption, promoting renewable 

clean energies over depletable polluting energies, and focusing on producing less waste 

byproducts that are harmful to the environment. The scope of the project lead by Asmae 

KHALDOUNE Phd and under the name of “Ecological House Renovation” falls exactly 

within those ideologies. The ambition of project supported by the region of Fes is to dive into 

the science and knowhow of promoting energy efficiency within the building in the most 

ecofriendly way possible. Consequently, lowering the energy demands of a building, which 
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reduce overall environmental, impact from one hand and set the possibility to spare more 

energy for added productivity from the other hand.  

1.2 METHODOLOGY 

 The main objective of this capstone project is to use the understanding of all the 

variables and technical aspects entering into account when designing an efficient and 

practical roof structure, evaluate the most common ecological and efficient roof design for 

the sake of reference and finally work on a specific design for the case of the project 

underhand. Objective simulation work and testing will be done in order to evaluate the 

convenience, practicality and efficiency of the design to the goals and vision of the project. 

1.3 MOTIVATION 

 The motivation driving the work on this project is of course the pursuit of more 

knowledge and understanding of the energy efficiency within buildings, taking into 

consideration the engineering and materials science knowhow that will improve the durability 

and reliability of the all the components of the building. The pursue for ever increasing 

efficiency and reliability has direct financial and ecological benefits and it is essentially what 

every successful designer would go for. The other main motivation has to do with the 

humanitarian implication of the project of Ecological House Renovation. The involvement in 

such a project is a great opportunity to contribute to a good cause. The community targeted 

by the project is in need of such work and support for it to start and change for the better from 

within. 
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2. STEEPLE ANALYSIS 

2.1 STEEPLE OVERVIEW 

The STEEPLE analysis name stands for seven aspects that are the Social, 

Technological, Economic, Environmental, Political, Legal and the Ethical. Looking at the 

project from these different perspectives each one at a time should be a step in the right 

direction for a good strategic planning. These aspects are not only comprehensive to any 

variable that may enter into account when designing and implementing the project. These 

aspects can have a correlation relationship between each other. Thus, it is necessary to study 

the project planning and actions from the perspective of each aspect. To dive into more 

details, each aspect can be broken down to the following: 

● Social Aspect: 

 Studying the project’s implications on the social aspect generally comprises all the 

variables that will enter into account when building up an effect on the community. The work 

will necessarily have an impact, direct or indirect on the lifestyles and the attitudes of the 

populations. While on the other hand, the work is expected take an impact back from the 

community as a reaction. The social aspect of the STEEPLE analysis focuses on those 

interactions that go both ways to optimize the project with respect to this relationship.[1]. 

● Technological Aspect: 

 Since the dawn of civilization, we have been constantly working on new technology 

for the sole purpose of increasing the quality of life. However, every new technology will 

certainly become obsolete one day or another. The project itself is intended to serve a purpose 

and there are many paths to achieve that from a technological perspective. However, we are 

mainly concerned with the most efficient and convenient solution. Thus, it is very important 

to keep the project relevant to the technological scene. [1]. 

● Economic Aspect: 



12 
 

 The fluctuation in the economic variables can have a detrimental effect on the 

processing and the feasibility of the project. The economic variables can be hard to predict at 

times and they possess a considerable influence on all the other aspects mentioned earlier. 

However, it is perfectly possible to envision the future trends of these variables and design 

the project accordingly. [1]. 

● Environmental Aspect: 

 The nature of all the technological achievements is an interference with the course of 

nature. Nature provides a given amount of resources and leverage. The issue starts when we 

dig too deep into that leverage for the pursuit of constantly improving life quality. Our ever 

growing need for resources and generation of waste byproducts is draining to our 

environment. For instance, we defined means to measure the impact of our actions on the 

environment such as the carbon footprint. Nowadays, it is important to be aware of the 

environmental impact of our actions before we reach a point of diminishing returns. 

Consequently, considering the environmental aspect is very important for all intents and 

purposes. [1]. 

● Political Aspect: 

 Although the nature of a scientific project may seem irrelevant to the political aspect 

at first. Another look will show the hidden correlations between the political and the 

economic, legal and social aspects. The political aspect may not act on a direct level, but it is 

important to keep it in the back of the head due to its indirect implication on other aspects. 

[1]. 

● Legal Aspect: 

 The legal aspect is also another aspect that is specific the region in which the project 

is implemented. It is necessary to make sure that all the work of the project is compliant to 
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the legislature of the region and plan ahead of the implementation and design of any process 

accordingly to avoid hurdles, issues or even sanctions. [1]. 

● Ethical Aspect: 

 This aspect is perhaps the most universal among all the mentioned aspects. It does not 

follow a pattern depending on the region or time. The ethical aspect is simple a straight 

forward. It draws a line between what is morally right or wrong. It is very desirable for a 

project to have ethical values, since ethical values do promote positive interactions that can 

translate to either economic, social and environmental benefits. [1]. 

 

2.2 STEEPLE IMPLEMENTATION  

 After breaking down separately the different aspects of the STEEPLE analysis and 

explaining why are they important for a successful planning and envision of the project, next 

step would be to implement the analysis to the project we have under hand. When 

implementing the analysis, it is extremely important not to overlook any link between the 

project and the aspect in question.  

A good visualization of the project from the Social, Technological, Economic, 

Political, Legal and Ethical perspective will enable to draw a STEEPLE Smart Chart in which 

the intents and results of the project could be seen from each aspect. Those links and 

relationships will be summarized and highlighted in the chart. 

The next paragraphs are a set of descriptions on how the aspect of the STEEPLE 

analysis is reflected in the project underhand: 

● Social Implications: 

The project aim in not only being a scientific research subject, but also has some 

notable moral intentions. The village of Zaouiate Sidi-Abdesslam is a neglected rural area. 

The project targets this region specifically and its population for the sole goal of 
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empowerment. The living conditions in that area are below the average standard of what 

would be considered a comfortable housing and decent infrastructure. The project can 

contribute positively to the community of Zaouiate Sidi-Abdeslam not only by setting an 

initiative to improve their quality of life, but can also serve as an attempt to put such a 

neglected population under the spotlights. 

● Technological Implications: 

 As mentioned earlier, technological feats are constantly being updated in terms of 

performance, accuracy and efficiency. It only makes sense trying to follow up with the most 

advanced technological instruments out there. However, in the case of our project which has 

limited resources granted to achieve its purposes, we are mainly concerned with the most 

convenient technology in terms of feasibility and sustainability. Regarding the technological 

aspect, the choices made are in the favor of low cost not only due to the project’s limited 

resources but also to keep the project relevant to its context.  The community of Zaouiate 

Sidi-Abdeslam is of limited means. Also as a part of empowerment, one of the goals of the 

project is to enable the community to be self-sufficient. Therefore, many choices in the 

project looked into the possibility of promoting the use of local resources rather than 

outsourcing. The ideas and the solutions present in the project should stay relevant and 

convenient not only to us but also to the community targeted. 

● Economic Implications: 

 The vision that this project has for the local community is beyond a technological 

advancement in terms energy efficiency within their buildings. The project aims to kick start 

a growth in the economical capabilities of the community. As of now the economic activities 

within the community are almost nonexistent. The massive majority of the community are 

laborers that have to travel a considerable distance to the nearest dense demographic area that 

is Ifrane every day in order to generate an income. Also, the poor quality of life with their 
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houses dictates that many children have to set their studies aside in order to collect wood and 

resources for heating or sometimes to go and generate an income for the household 

themselves. It is worthy to mention that achieving an optimization of the energy efficiency 

within their household is expected to be a step that implies less need for energy resources and 

an improved quality of life. This in terms implies an expected increase in the productivity of 

the community which may open the way to create economic activities within the village. 

● Environmental Implications: 

 The environmentally friendly yield of this project is present through the following: 

Limiting the activities of deforestation by lowering the energy requirement demands for 

heating. The use of ecological materials that have a much smaller impact on the environment 

in terms of their carbon footprint. Finally, the overall optimization of energy efficiency will 

be contributed to lowering the intensive draining impact on the environment. 

● Political Implications: 

 The Moroccan context of the project definitely opens door for linking the political 

scene or the nation to the variables entering into account in the everyday life of its citizen. In 

the midst of a series of strikes and protestations against the inconvenient prices of energy 

commodities, and since the economics of energy commodities are the backbone of any given 

economic structure starting from the big national scale down to a sample such as Zaouiate 

Sidi-Abdeslam. A project with such an intention of lowering the need for energy 

commodities will definitely positively contribute to lowering the frustration created by the 

unstable Moroccan Political system. 

● Legal Implications: 

 As mentioned earlier, the project should be totally compliant to the legal aspect in 

order to avoid any issues, or sanctions. Also, the architectural constraints of the house under 

work in this project dictates to strictly respect its neighboring houses under the laws of the 
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Dahir n° 1-11-178 November 22nd, 2011. The article 62 states that the design of the roof 

should allow for a precipitations evacuation that doesn’t harm the neighboring buildings. 

Also, the structure and design of the house should be conforming to the standards in order to 

avoid any casualties in case of incident or earthquake and that is stated in the report issued by 

the Ministry of National Land Planning and Urban Planning: Compendium of Legislative 

and Regulatory Texts relating to Housing and City Policy in the Section V of the report. 

Indeed, it is very important to be compliant to the legal statements for the responsibility of 

protecting the safety and the common good of anyone involved in this matter. [2]. 

● Ethical Implications: 

Continuing on the previous note of respecting the legal aspects in order to grant the 

common good of all the individuals involved, the project goals and intentions are nothing but 

beneficial for the community of Zaouiate Sidi-Abdeslam. The project is devoted not only to 

achieve scientific research results, but also to support every single aspect of the community 

of Zaouiate Sidi-Abdeslam and make it very productive and sufficient. All for the purpose of 

increasing its quality of life and claiming their rights for a decent living. 

 

2.3 STEEPLE SMART CHART 

 To summarize all the points mentioned in the STEEPLE analysis description above, a 

STEEPLE chart is drawn in which all the social, technological, economic, environmental, 

political and ethical aspects are illustrated with each point of link between the project and that 

aspect. 
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3. ROOFING SOLUTIONS IN THE CONTEXT OF 

BUILDING EFFICIENCY 

 The physical boundaries of a building are either soil or walls. The boundary walls of 

the building are classified as either vertical surface area (Sidewalls) or horizontal surface area 

(Roof). Although the sidewalls and the roof may share the same material composition or 

roughly the same physical properties, the nature of the role of each dictates unique demands. 

Most external variables that interact with the buildings boundary walls are relative to gravity 

such as precipitations, loads or even fluid movements within the building due to thermal 

convection.  

3.1 TEMPERATURE REGULATION 

3.1.1 Preventing Thermal Energy Losses 

Technically, the surface area of the roof accounts for the most specific amount of heat 

transfer, due to the effects of convection again and other variables such as solar radiation. 

Three types of heat transfer are defined in the physics literature: 

● Thermal Conduction: Since particles gain in any kind of energy is translated to their 

kinetic energy, heat transfer due to conduction is basically the transfer of energy due 

to collisions between the particles. Within solid objects, an important part of the 

conduction acts on the level of the electrons. Energy is transferred through the 

movement of the electrons.[3]. 

● Thermal Convection: This type of heat transfer is exclusive to fluids. Unlike solids, 

fluids particles have the ability to move freely inside their boundaries. The relatively 

wide distance between the fluid particles lowers the effect of thermal conduction, 

which as mentioned is the transfer of energy within the particles due to collisions or 

movements of the electrons within the body. However, when fluid particles gain 
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energy, the distance between the particles expands to compensate for the gain in 

kinetic energy. This makes the density of an infinitesimal volume relatively lower. 

Thus, the effect of buoyancy within the fluid moves the hotter infinitesimal volume up 

due to its low density. [3]. 

● Thermal Radiation: Any object that has a thermal energy emits an electromagnetic 

radiation. In fact, any matter with a temperature greater than absolute 0 Kelvin is 

necessarily a source of thermal radiation.  Thermal radiation is generated by the 

motion of the microscopic particles inside any given matter. Since every particle has a 

given charge, its motion generates electromagnetic radiation. The generation 

electromagnetic radiation results in emission of photons. [3]. 

 All three types of heat transfer are present within the building or within its 

boundaries. Since it is very desirable to keep a steady and convenient ambient temperature 

inside the building, the design of the boundaries should take into account the effect of the 

heat transfer phenomena to ensure a comfortable temperature within the building for the least 

amount of energy expenditure. 

 As previously mentioned, it is important not to overlook the effect of thermal 

convection on the flow of thermal energy within the building. For instance, it is commonly 

known that top floors usually have a noticeable higher temperature than bottom floors. And 

the literature proves that it is independent of the sun’s exposure. Heat inside buildings has the 

trend to move upwards vertically. Independently of any thermal energy lost due to thermal 

conduction at the walls, a big portion of the heat generated inside the building follows the 

rules of thermal convection. It is safe to say that heat available for thermal conduction is at 

its highest at the top of the building.  
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Figure 1: Demonstration of the thermal convection effect within a building 

This implies that in terms of preserving thermal energy within the building, the further 

we go up the building the more thermal resistance characteristics should be put into the 

boundaries. If the aim is to cut down on the heating costs, the roof has a priority when it 

comes to need for insulation. This is not a direct suggestion to neglect the rest of the 

boundaries of the house but it is just a highlight of the importance of the roof insulation as the 

use of a convenient material with a very low thermal conductivity is advantageous to the 

aspect of heating energy saving.[4]. 

3.1.2 Reducing Cooling Requirement  

As for the heating energy requirements, buildings may require energy to limit the 

accumulation of excess thermal energy. There are many ways to force the transfer of thermal 

energy outside of the building. Serving the same purpose but in a different manner, some 

methods do require energy while it is also possible to use the laws of fluid mechanics to 

manipulate the heat flow out of the building such as the use of natural air currents.  However, 
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all methods are based on the physical phenomenon of heat exchange between the particles of 

air themselves or between air and another cooling substance. The process should naturally 

fall into one or more of either types of heat transfer mentioned earlier: Thermal conduction, 

thermal convection and thermal radiation.  

 

3.2 Energy Harvesting Potential 

3.2.1 Harvesting Solar Energy 

 The sun emits energy generated by its internal Hydrogen fusion in the form of heat 

radiation and an light ( Photons ). There exists technologies to harvest the energy of both 

byproducts of the Sun’s internal reactions. These forms of energy are renewable since their 

supply is practically infinite, and there processing leaves no polluting byproducts.[5]. 

Some of these technologies are convenient enough to be implemented within the 

building, of which we can mention: 

● Photovoltaics: 

 Photovoltaic technology enables to convert sun’s emission of light in the form of 

photons into electrical energy. Every individual photovoltaic cell is made of two layers of 

semiconductors. The upper layer is charged positively while the lower layer is charged 

negatively. The photon crosses the upper half of the cell and gives its energy to the electrons 

of the lower half of the cell. Having gained energy, the electron moves to the upper positively 

charged portion flowing around a circuit creating electrical power. The maximum efficiency 

reached using this technology is 46% , while the most efficient roof solar panels are rated at 

22.2% efficiency. [6].[7]. 
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Figure 2: Photovoltaic Roof Tiles. 

● Solar Thermal energy: 

 Technologies of harvesting thermal energy are based on using the thermal energy 

emitted by the sun in the form of thermal radiation using the heat transfer method of radiation 

between the sun and a receiving material. Then, the material can transfer its therma energy 

gained to other materials or substances through conduction, radiation or convection. 

Figure 3: Solar Water Heater 
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3.2.2 Harvesting Wind Energy 

 

Converting the mechanical energy of air flow to electrical energy using 

magnetic generators is a well implemented idea mainly via wind turbines. However, 

its relative low efficiency when implemented on a much smaller scale such as placing 

the turbine on a roof limits the practicality of the idea. Air flow is extracted most 

optimally at higher elevations from the ground due to low air turbulence. To satisfy 

energy demands of a medium house, turbines with power outputs of 5 to 15KW are 

needed.[8].[9]. 

Figure 4: A Set of Roof Wind Turbines. 

 

3.3 Water Draining Management & Clean Water Collection  

 The Surface area of the roof is responsible for receiving almost all of the falling 

weather precipitations. Along with is utility of protection, the design of the roof can allow for 

an optimal management of excess precipitation. Excess precipitations can damage the 

structure of the building, it can cause leakage into the inside of the building and it can 

damage the surroundings of the building if its draining is not managed properly. Another 
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supplementary utility that can be implemented to the roof is the collection of precipitation 

clean water for further recycling or use. 

 

Figure 5: Clean Water Collection System 

 

3.4 MAINTENANCE & RELIABILITY 

3.4.1 Resistance to Temperature Change 

The roof of any given structure does not only receives the bulk of weather 

precipitations but is also constantly under the effect of sun’s radiation from the outside and 

air convection from the inside. All these variables create fluctuations in the temperatures of 

the materials of the roof. The materials of the roof should be able to withstand the repetitive 

effects of expansion and contraction due to temperature. Since the components of the roof are 

usually restrained from movement, the change in their dimensions due to temperature can 

cause cracks, loss of strength or permanent deformation.[10]. 

3.4.2 Resistance to Humidity, Corrosion and Erosion 

 The design and materials of the components of the roof should account for the 

moisture content that may leak into the structure of the roof. Physical properties ceramics and 

woods can be altered due to exposure to moisture. The effects of metal oxidation can be 
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accelerated due to the added presence of Oxygen in the moisture. Electrical circuits 

components can lose efficiency or sustain damage if not waterproofed correctly. Erosion at 

high levels can represent an issue to certain roof functions. Erosion can affect the smoothness 

the surface of some materials and cause accelerated degeneration such as the case for some 

ceramics. Appropriate coating should be applied to protect the surface of these materials from 

the long term effects of erosion. 

3.4.3 Resistance to Loads: 

The strength of the roof structure is a critical aspect that may put the safety of the 

building in jeopardy. The structure of the roof should be able to easily withstand its dead load 

( The weight of the structure and its components ) and safely hold the maximum predicted 

live load ( Precipitations deposits). The geometry of the roof structure and its materials 

should be carefully analyzed taking into account the materials and their specific weight. 

Some lightweight materials will compromise the strength of the roof to hold a heavy live 

load. Recent snow deposits will weight 200 to 300 Kg for every cubic meter depending on 

the density of the snow particles. Although it is hard to judge the density of a snow deposit by 

measuring its thickness due to the variation of the density of the moisture content. It is known 

that for extreme packing and freezing effect , ice content within packed snow has a density of 

917 Kg per meter square.[11]. 
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4. ZAOUIATE SIDI ABDESLAM 

 Zaouiate Sidi Abdeslam is a village located 9Kms away within the rural areas of the 

city of IFRANE. Its very dense population of 6.5 persons per household suffers from the 

poverty, poor quality of life and the lack of infrastructure within this very neglected rural 

area. Although things may seem dim and lack optimism for the future, the project targets this 

population for its very high potential to prosper. The village has a rich history within its 

region. In fact, the name of the nearest city Ifrane (translates to caves in Berber) came from 

the many natural caves inhabited by the population of this village in the 1950s.  

 

4.1 DEMOGRAPHICS OF THE REGION 

Having an insight on the social and economic aspect of the population targeted by the 

project is necessary to keep the ideas of the project relevant. Thus, it is important to draw a 

socioeconomic picture of the demographics of the region. As of the last known extensive 

census, the village population of 894 is split into 51% to 49% female to male ratio. The 

population age pyramid is as the following: 23.83% of the population is under the age of 

fifteen split into 6.49% of children under the age of five. The capable population ranging 

between the ages of fifteen and sixty years old is 62.64% . People past the age of retirement 

contribute to 13.53% of the population. Single people constitute 37.13% of the population 

compared to an average of 34.84% in the rural community. Divorced population accounts for 

5.12% for both sexes ,while widowed individuals are at 6.29% again regardless of the 

gender.[12]. 

 

Concerning the scholar level and professional occupation of the population: Only 

54.82% of the population over ten years of age has an official educational level ( Primary or 
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above ) . 57.67% of Women above the age of ten have no educational level, while the number 

is quite less for men at 30.43%. Only 23.69% of the population reached primary school level, 

or equivalently 25.72% of the male to 21.78% of the female population above the age of ten. 

A mere 10.30% achieved Baccalaureate degree, or in other terms: 14.49% of men and 6.75% 

of females do have a Baccalaureate degree. According to individuals without an educational 

level, This huge lack in the educational aspect is 44.92% attributed to the lack of financial 

means while 11.86% is due to poor educational infrastructure.[12]. 

A massive minority of 1.5% of the population has ever had a professional formation. 

This statistic gives us a clear idea about the ideology of the population towards formal 

professional formation protocols since one of the aims of the project is create a formation 

programs on what concerns energy efficiency within buildings and ecological house 

renovation. The employment rate is at 36.78% while the declared rate of unemployment is 

20.31%. [12]. 

 

4.2 RELEVANCY TO THE WORK 

 Statistical data is a useful tool to from an insight on the population studied. However, 

live studies, interviews and surveys are necessary to gather important facts and informations 

that can’t be obtained from the statistical data alone. These informations are necessary to 

prove the relevance and the utility of the project. For that, live interviews have been done 

with some members of the community, including “Lemkadem” of the community who 

assisted these interviews. The interviews collected useful data and information that 

highlighted the impact of the lack of building energy efficiency and poor infrastructure.  

 The lack of government support for this community of limited means creates an 

ideology of frustration among them. So much so, the population trend of the village is on a 



28 
 

general decrease due to people leaving the village for lack of convenient infrastructure and 

for the pursuit of better income opportunities and educational infrastructure.  

 While walking around the dense habitational area of the village, it is very noticeable 

that most construction state is under question. Houses with actual pitched roofs are few and 

most of the houses are still under construction or renovation. When asked about the lack of 

protective roofs during the interviews, individuals complained about the firm legal issues that 

caps the number of allowed floor to two. Consequently, many residents choose to build 2 

living floors instead of building a roof for the two reasons that are: Lack of technical know-

how and financial means to implement a protective roof, or the need for additional living 

space to accommodate for the large number of family members living within the household. 

 Moving to the energy consumption related discussion. When asked about the amount 

of wood used for heat on a yearly basis, the interview subject estimated a consumption of 

four to six tons worth of wood that costs an average of 1300 MAD per ton and an additional 

150 to 200 MAD delivery costs per ton. As for electricity consumption, consumption 

numbers ranged from 150 MAD monthly consumption to just over 500 MAD for relatively 

larger households. Legal issues with water supply doesn’t make of it any less frustrating. 

Residents are required to pay a net 7500 MAD just to benefit from the clean water supply, 

and those who are connected to the clean water grid do pay up to 300 MAD worth of monthly 

bills.  

 As mentioned by the individuals interviewed, the frustration created by the low 

quality of life and the tight financial circumstances is the main hurdle against the productivity 

of the community of Zaouiate Sidi-Abdeslam. This further validates the mission of the 

project as to launch a whole movement of empowerment of the community starting from the 

act of sensitizing and putting them in a direction to think and take the convenient strategies 

concerning improving their building efficiency and ultimately their quality of life. 
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5. PROJECT OF ECOLOGICAL HOUSE 

RENOVATION 

5.1 INTRODUCTION, INTENT & PURPOSES 

 Supported by the region of Fes and supervised by Asmae KHALDOUNE Phd, a 

professor at Al Akhawayn University in Ifrane, the project is eager to achieve two main 

missions that are empowerment of the community of Zaouiate Sidi-Abdeslam and 

accumulating knowledge on the science of energy efficiency within buildings.  The project 

wishes the achieve these two main goals despite the delicacy of the leverage and resources 

granted for such a mission. However, the challenging aspect of the resources makes from the 

project very relevant to the community it wishes to serve. The success of the project is crucial 

to prove to the community of Zaouiate Sidi-Abdeslam that making substantial changes to 

their quality of life is within their reach. The project of the house renovation tackles many 

logistical and technical issues within the house that are massively prevalent in the community 

of the village such as poor energy efficiency and bad design of the house components. The 

roof issues is one of the main problems with the general state of construction of the houses in 

the community. While taking a round around the village, the lack of appropriate roofing 

definitely drags one’s attention. 

Figure 6: Pictures of a neighborhood of the village 
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5.2 ROOFING ISSUE 

 Although being just one of many issues with the state of the housing in the village, the 

roofing issue is overlooked for its relative high magnitude. As mentioned earlier, the roof is 

responsible for the bulk of thermal energy lost from within the house. The roof is also a huge 

factor in the quality of life within the house. According to interviewed individuals, many 

families are suffering during fall and winter time due to leakage caused by poorly built roofs. 

The major role played by a good roofing structure is unquestionable, the goal of the project is 

to successfully tackle this issue in order to be an example for the community of the village 

and increase their awareness to take similar actions and more efficient measures themselves. 
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6. COMPARING AND EVALUATING EFFICIENT 

AND ECOLOGICAL ROOFING SOLUTIONS 

 

 Setting off this comparative study between the different types of roofing suggested 

starts with the most common type of roofing which is the conventional concrete roof covered 

with ceramic tiles. The reason this type of roofing is most predominant across the region of 

the study is its decent durability and practicality. However, many of the advocates of the 

conventional roof are neglecting a very important aspect that is its poor thermal resistance. 

The roof represents a sixth of the surface area of the house, and since two to four surfaces of 

the house are adjacent to another building that itself generates heat and dissipates it outwards. 

Therefore, it is safe to assume that the roof accounts for a large chunk of thermal energy lost 

through the boundaries of the house. The concrete pitched roof should have a thickness of 

250mm, for which the average R-value of the material of the roof for its corresponding 

thickness is at a mere 2.4509*10^-3 c/W.[13]. 

In terms of energy savings, the conventional roof doesn’t have any particular added value to 

the overall aspect of the energy efficiency of the building. It serves it purpose as a protection 

against weather variables while on the flip side, it plays a poor role in preserving the thermal 

energy of the house. That in turns adds more need for energy consumption in order to 

maintain a comfortable ambient temperature of the house. However, this in turns opens the 

door as a point for improvement for this solution in the form of added insulation. Insulation 

should be an added cost to the standard of 700 MAD/m2 excluding the cost of the ceramic 

tiles.[13]. 
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6.1 Photovoltaic Roof 

This solution manifests itself as a compromise for the overly simplistic design of a 

concrete conventional roof in terms of yielding some energy extracted from the solar 

radiation during daytime. Installing a photovoltaic power grid in such a way to generate a 

stream of sustainable energy is a clever idea that although may seem heavy as a first 

investment is definitely intended to break even the cost at some point of time. From that point 

on the photovoltaic energy generation system is meant to cut down the overall costs of energy 

consumption of the house. The photovoltaic tiles are expected to produce the equivalent of 

3.06 W worth of energy every hour for every single tile of 300 mm × 2,180 mm dimensions. 

The cost of every tile is estimated at a 426 MAD. Converting that to a cost estimation for 

every square meter excluding the cost of building the roof’s concrete structure is around 8000 

MAD/m2.[14]. 

 
Figure 7: Tesla’s Photovoltaic roof 

 

6.2 Green Roofs: 

It is safe to say that green roofs are a retro idea taken back from the very early time 

when northern civilization opted for covering the surface of pitched and flat roofs with a 

layer of vegetation. The concept of the Green roof is pretty basic and straightforward: The 

structural base of the roof, which should be in this case concrete, is set to be covered with a 
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waterproofing membrane. On top on the waterproofing membrane in which a polymer or an 

elastomer can be used, will be the drainage membrane which is required to clear the excess 

moisture from the growing medium. The growing medium should be able to support some 

specific types of plants that are designed to withstand extreme low temperatures and a 

extended periods of lack of sun exposure. [15]. 

This concept doesn’t only provide a heat insulation for winter time with an R-value of 

0.016 c/w, but also a potential to reduce the cost of cooling during the summer thanks to its 

ability to reflect the sun’s radiation and also through Evapotranspiration. As a matter of fact, 

air conditioners are heat pumps, and since a green roof is capable of reducing the ambient 

temperatures on the surrounding of buildings, green roofs can increase the efficiency of air 

conditioning systems. However, the higher is the moisture content within the soil of a green 

roof, the higher is its thermal conductivity. [15]. 

The advantages of the Green Roof go beyond the energy efficiency aspect. Green 

Roofs can help clean the surrounding air of the building thanks to the plants ability to capture 

pollution particles. However, storm water management is by far the most valued advantage of 

this concept. The tradeoff of all these advantages is a cost of around 200 MAD/m2 for the 

Green Roof as an addition to the concrete structure of the roof which as we mentioned costs 

an average of 700 MAD/m2 for a combine cost of 900 MAD/m2.[16]. 

 

 
Figure 8: A Green roof in Germany 
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6.3 Thatching Roofs: 

Although Thatch roofs may seem like the oddest solution as a roofing design, it has its 

fair share of advantages. Thatch is a natural byproduct that is made out of various kinds of 

dried vegetation. The dried vegetation tightly bundled into thick layers is capable of shedding 

the water away from the inner roof. Thatch roofs are usually made of a layers that add up 

together to at least a 300mm thickness. The dried reeds are impressive for their very low 

thermal conductivity that ranges between k=0.07 and k=0.11 W/mK, which makes them 

bundled together into a tight bundle very resistant to thermal energy transfer. A layer of 

Thatch that is 250mm thick is expected to have a thermal resistance R=0.0378 c/w.  [17].[18]. 

However, this concept does have some setbacks and some of them had to get the idea 

of Thatch roof vaulted in the favor of concrete roofs. The first one is the roofs low profile of 

safety due to the risk of fire outbreak. Thatch is extremely flammable and the way it is tightly 

bundled makes it even more susceptible to catch fire. The other drawback against this 

concept is its relative low strength compared to build concrete roofs. Although it is really 

dependent on the structural base of the roof, Thatch roof are technically unable to withstand 

very heavy loads on the roof such as the case of an intense snowfall. This is coming from the 

fact that Thatch is usually mounted on top of roof structures built with wood or timber. 

However, there are many examples of Thatch roofs that made it through heavy seasonal 

snowfall for centuries thanks to their high pitch degree and their good roof structure. 

[18].[19]. 

As for the safety issue, fire retardant sprays are capable to drastically lower the 

flammability of the Thatch. Moreover, placing chimneys should be a very cautious and 

precise process to avoid any flaws in the design that can have disastrous consequences later. 

Concerning the cost, a Thatching roof is expected to set back around 190 MAD/m2 including 

and added sub layer of waterproofing composed of cane and a polymer. [18]. 
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Figure 8: The frame of a Thatched roof in Azrou 
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7. OPTIMAL ROOFING DESIGN 

 Moving on the application part of the work where the information and knowledge 

gathered through the research and literature review will decide the choices of concepts and 

materials that will be implemented in the design of the actual roof. The first step in the design 

process is to formally justify the choices made concerning the design specifications. Choices 

concerning the design, materials and concepts used should be compliant to not only the 

logistical and financial limitations of the project but also should stay of very high 

convenience and feasibility in relevance to the context of the project. After all, one of the 

major goals of the project is to involve the community of Zaouiate Sidi-Abdeslam and 

encourage them to adopt a direction towards energy efficiency and sustainability within their 

buildings. Given their limited resources, feasibility will be a requisite to gain their interest.   

  

7.1 STRUCTURAL FRAME DESIGN  

 Building within the region of middle Atlas and most specifically the region of Ifrane 

are required to have the ability to withstand occasional heavy snowfall during winter time. 

Thus why the buildings in the cities of Ifrane, Azrou, El Hajeb, Immouzer and the 

surrounding regions have their unique roof architecture relative to the rest of Morocco . 

Within this region, it is highly recommended to have a pitched roof structure in order to allow 

for the drainage of falling precipitations in form of heavy rain or snow. Ifrane for instance 

receive a very high average yearly amount of rainfall of 843mm (excluding snowfall) which 

is significantly higher than the major cities in Morocco. [20]. 

7.1.1 Roof Live Load 

 

While precipitations in the form of rainfall are not a concern as a roof load, snowfall 

is a major concern since its accumulation on the surface of the roof may increase the live load 
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that the roof that the frame structure of the roof has to withstand. The weight of snow 

deposits varies upon a lot of factors including the following: The shape and density of the 

snowflakes or crystals. The time elapsed since the start of deposit. The packing of the 

deposits due to accumulated weight, rain followed by frosting or also melting followed by 

frosting. These factors make it extremely hard to judge the weight of a snow deposit by 

merely evaluating its size, since the density of the deposit is hard to define accurately.  

 However, there are general guidelines to follow: Snow accumulated immediately after 

falling in calm (with no added wind packing) weights around 50 to 70 KGs for every meter 

cube of volume. Snow packed due to its own weight weights up to 300 KG / m3 while added 

effect of snow packing may bring that up to 400 KG/m3. Additional moisture content in the 

form of frost and ice may bring the density all the way up to 800 KG/m3, with full ice content 

having a density of 917 KG/m3. [11]. 

7.1.2 Geometric Design 

The roof of the building studied will cover a flat area of 7.3 meters of length for 5.6 

meters of width at a total flat area of 40.88 m2. As for the geometrical design of pitching we 

define and evaluate the advantages and drawbacks of each option from the following:  

● Mono Pitched Roofs: 

 Mono Pitched roofs are arguably the simplest design to build. They are often referred 

to as a “ Steep Flat Roof” or “Skillion Roof” This design is fairly efficient at shedding water 

and snow. It is the easiest to add to an already existing flat roof structure. Mono Pitched roofs 

are also the easiest in terms of implementing and maintaining tiles and other roof covers. 

However, Mono Pitched roofs have a lot of drawbacks as a cost of its simplicity. It is not the 

strongest option for areas with considerable snowfall, especially if the dimensions of the shed 

area are relatively large. Covering a 7.3 meters by 5.6 meters long area with a 40° angle 
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Mono Pitched roof translate to a sidewall of 6.46 meters height which adds a question in 

itself on the feasibility and practicality aspect of this particular roof design.[21]. 

● Double Pitched Roofs: 

 Double Pitched roofs are the most common design of pitched roofs due to their 

versatility, practicality and fairly easy design. However, for the sake of an objective 

comparison, it also possesses its fair share of disadvantages. Double Pitched roofs are great at 

shedding water and snow deposits, especially for the Double Crossed Pitched Roofs. Also 

called  Gable Roof, this design spares a fair amount of usable space inside the level of the 

roof. However, one set back of this type of roofing is its large frontal areas that makes it too 

susceptible to receive stress from strong winds and storms. [21] 

● Hip Roofs: 

 Hip Roofs are the most sophisticated and performing  in terms of shedding ability, 

strength ,rigidity and durability. This type of roofing is very convenient to regios with hard 

weather patterns. However, it is the most expensive and complicated to work with and 

maintain among all the types of roofs mentioned so far. The increased number of pitched 

faces and need for additional structural support makes for more things that could turn wrong 

and become issues if not maintained properly.[21] 

● Curved Roofs: 

Curved Roofs are the most creative and unique designs among the set suggested. They 

offer the best shedding and resistance to wind. However they represent a huge compromise in 

term of practicality and convenience. Curved Roofs are typical only for small area roofs and 

the used structure material is exclusive to metal. This point implies poor functionalities and 

structural strength against heavy loads and an a low reliability aspect.[21] 

 

From the descriptions above, the following comparative table can be drawn: 
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 Mono Pitched Double Pitched Hip Curved 

Resistance to 

Loads 

3 4 5 1 

Resistance to 

Wind 

1 3 4 5 

Shedding 3 4 4 5 

Cost & 

Feasibility 

5 4 2 2 

Reliability 2 5 3 2 

Workability 4 5 5 1 

Inner Roof 

Space 

2 5 4 2 

Total 20 33 27 18 

Table 1: Comparison of the different geometrical roof types [21] 

This criteria comparison shows how Double Pitched Roofs come clear as the most 

sensible choice of roof design. Needless to say it also the most convenient for the dimensions 

of the building, it is cost effective, strong, and has a good potential for creativity and 

workability in terms of additional features such as adding insulation or utilities to its outer 

surface. These strength points are traded for a fair cost advantage. This further validates the 

reason why this type of roofing is the most predominant. 

 

7.1.3 Frame Design  

 For convenience and cost saving reasons, the structural frame of the roof will not be 

integrated to the overall built structure of the house. The structural frame will be made out of 

framing lumber materials, and will be mounted and fixed to the built roof of the middle floor. 

The use of a timber structural truss instead of relying on building a reinforced concrete 

structure offers a lot of added advantages such as: 

● Flexibility and Versatility: 
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 The use of wooden beams allows for more freedom in terms of versatility of the roof. 

The compact frame structure allows for a wide variety of applications that can be mounted to 

the structure of the roof such as insulation materials and additional waterproofing. The design 

of the roof itself will have a significant maneuverability in case of the need for future 

modifications or changing. [22] 

● Eco-friendly: 

 In terms of the ecological aspect, a timber roof structure will have a much less 

negative overall impact on the environment. For instance, one square meter of wood flooring 

requires 80 MegaJoules and emits 4 KGs of CO2. By comparison, the same craft made out of 

steel will require 516 MegaJoules and result in 40 KGs of CO2 while for concrete it will 

consume 290 MegaJoules and will release 27KGs of CO2 into the atmosphere. The use of 

wood for construction also acts positively within the building since wood continues to exhale 

CO2 for a considerable period of time which helps cleaning the air inside the buildings. 

[23].[24] 

 Another point in the favor of the ecological benefit of using wood as a construction 

material is the fact that it is considered the only renewable construction material. Promoting 

the scale of the industry of wood production can yield tremendous environmental benefits. 

Regulating wood harvesting in a way that imposes the planting of trees for every tree 

harvested can yield tremendous benefits.  

  

● Cost: 

 Cost is by far the most desired advantage of using a wood framing structure instead of 

building using reinforced concrete. Pound for pound, wood costs less than steel and concrete. 

Also, the labor and time needed to construct wood are significantly less. Wood structures are 

light, they can be transported easily and they can be manufactured anywhere anytime 
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regardless of the weather. Concrete structures on the other hand require a lot of labor, heavy 

machinery and dry weather as an optimal condition. 

● Energy Efficient: 

 Wood is a poor conductor compared to concrete or steel.  Wood of 12% moisture 

content has a typical thermal conductivity of 0.1 W/m/k while concrete on the other hand 

stands at up to 1.7 W/mk. A wooden structure can offer a lot in terms of thermal energy 

savings compared to a concrete structure. The added freedom to be easily complemented with 

insulation strategies makes from wood the go to materials for building practices in all of the 

world’s cold climates. [13]. [25]. 

 

7.2 ROOF SHEDDING & INSULATION MATERIALS.  

 Moving into the part discussing the covering design of the roof. Combining the 

research and literature review done earlier with the goals, direction and constraints of the 

project, the idea of using packed dried vegetation in the form of Thatch is very appealing 

compared to other alternatives for the following reasons: 

● Low Cost: 

 Thatch is extremely low cost when compared with other conventional covering 

materials such as ceramic tiles. Thatch is a natural substance that is very abundant in nature. 

Its preparation process for use is very simple. Natural plant reeds are dried using sun 

exposure and require no additional cost. Thatch is so cheap and available that the massive 

majority of the cost entering into its implementation are just labor fees. 

● Ecological: 

 Thatch has virtually no negative environmental impact on its own in terms of 

production. Conventional roof covering materials do have much greater energy consumption 

needs. Ceramic tiles require huge amounts of energy for firing and drying. By the time 1-
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meter square of ceramic tiles is manufactured, it will be responsible of releasing 16.45KGs of 

CO2 into the atmosphere. [26]. 

● Energy Efficiency: 

 Thatch is a great natural insulator that offers a thermal conductivity of 0.07 to 0.11 

W/m/k which makes it ideal for places with cold climate. On the other hand, during 

summertime, thatch reeds are able to radiate heat much quicker than solid roofs thanks to the 

movement of the pockets of air trapped between the packed reeds. This explains why Thatch 

roofs are noticeably efficient in cold temperatures and good at reducing cooling requirements 

at the same time.[17]. 

● Convenience: 

 Implementation of Thatch as a cover for the roof offers a range of convenience 

benefits in general and in particular for the case of the project under hand. Thatch is 

lightweight, which make it easier to transport, work with and makes for a lighter dead load on 

the structure of the roof. Its low cost and its abundance in the region make it very convenient 

for the community of Zaouiate Sidi-Abdeslam who can’t afford convenient roof covering 

materials. Thatch is a hidden gem, and its use this project can be an opportunity to expose its 

great convenience for this particular community. Thatch roofs design and building can open 

many jobs opportunities for the local community as well.  

 

In order to ensure peak performance in terms of waterproofing of the roof, a double 

sheet of polymer will be fixed to the inner surface of the roof to improve waterproofing of the 

roof. The polymer sheets will be fixed using locally harvested cane reeds that have a 

relatively low thermal conductivity of 0.475 W/mk .[27].  
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Given its excellent thermal insulation capability, thick layers of thatch can act 

simultaneously as decent water shedding material and a good heat insulator. The thermal 

conductivity of the thatch reeds is only 0.11 W/mk, which is far better than the thermal 

conductivities of all common materials used in the surface of the roofs. Conventional 

materials such as reinforced concrete have a thermal conductivity of up to 1.7 W/mk which is 

not ideal for preserving the thermal energy of the building.[13].[17]. 

 

 

7.3 WATER DRAINING SOLUTIONS 

 

 Making a verdict about the water shedding materials used to cover the roof should 

open discussion about the water evacuation strategies of the precipitations received by the 

roof. This is a very important matter in fact since it should be compliant to a legal constraint 

that is the article 62 of the Dahir n° 1-11-178 November 22nd, 2011. The article 62 states that 

the design of the roof should allow for a water evacuation that is totally independent of the 

neighboring buildings. This constraint played in the favor of choosing the double pitched roof 

as an optimal design. Due to its high lateral height at the top of the slope, the Mono Pitched 

roof doesn’t allow for the implementation of a system that can allow for the direction of the 

deposited precipitations at the boundaries of the house. [2]. 

 The water evacuation solution suggested is the use of a 20cm diameter PVC pipes that 

are cut in half along their axis. The pipes will be set at a 5 degrees inclined angle towards to 

the front facade of the building. The lateral edge of the pipe should come into direct contact 

with the inclined surface of the roof at all times in order to allow for complete water 

collection off the surface of the roof. This concept can act simultaneously as a clean water 

collection system and if implemented, should generate a reasonable amount of clean 

precipitations water for the house. 
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Figure 9: A generic PVC pipe 

 

7.4 FIREPROOFING AND TREATMENT SPRAY 

 Fire safety is perhaps one of the biggest drawbacks of the design of a Thatch roof. In 

fact, thatch roofing was the predominant roofing choice for small houses across Europe until 

the late 1800’s where the trend moved towards the favor of bricks and steel built roofs in the 

fear of the increased fire hazard of thatched roofs. Back at the time, the trend moving to more 

expensive roof built by bricks was seen as a symbol of wealth. Nevertheless, the trend 

completely ignored the energy saving aspect of the thatched roofs. Fast forward to today, 

thatched roofs are becoming more and more popular in the United Kingdom within the last 

30 years. Awareness of the great energy potential of the Thatch roofs along with the 

improvement in the fire safety technologies created a trend towards the adoption of thatched 

roofs in the rural and suburbs areas. There are now over 1000 full time thatchers in the UK 

alone and the number is only growing greatly. [19] 

 Nowadays, understanding of fire safety eradicated the biggest drawback of the 

thatched roofs designs that is their high fire hazard. Chimney designs are optimized in order 

to have less risk on the materials of the roof. This eliminates a huge risk that used to make the 

biggest contributor to fire outbreak incidents. Another player in improving the safety of 
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thatched roofs is the use of Fire Retardant substances. Fire retardants allow to drastically 

diminish the flammability of the thatch materials. The lack of moisture content and the high 

profile of organic matter in the thatch reeds makes them extremely flammable under normal 

conditions.  Also, some fire retardant sprays also act as an inhibitor to the growth of bacteria 

and fungus which improves the durability of the roof. Moreover, these sprays have the ability 

to bind the surface reeds together. This in turns lowers the potential damage caused by 

animals or wind to the surface of the thatch layer. The fire retardant spray should be applied 

on both the outer and inner surface of the roof and should be renewed periodically every five 

years.[28] 

 
Figure 10: The spray of Fire Retardant 
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8. CALCULATIONS AND SIMULATION 

8.1 STATIC SIMULATION OF THE TRUSS 

 The static simulation of the frame of the roof structure will be analyzed using a static 

load simulation. The simulation will be conducted using the software SolidWorks. 

Solidworks allows for complete and detailed three dimensional design of the frame, the input 

of the materials physical properties such as elastic modulus, Poisson’s Ratio, Shear Modulus, 

yield strength, tensile and compressive strength. The software uses all these inputs to run a 

simulation in which overall stress curves and strain (displacement) curves can be visualized 

and compared with the safe values.  

 
Figure 11: 3D Model of the Roof Frame Designed in Solidworks 

  

The material used for simulation is a composite of framing lumber. This wood 

material is based of Spruce-Pine-Fir. It has the highest tensile strength among wood 

materials. The wood beams used for this design have 20 x 20 centimeters cross section. The 

input of physical properties is set as the following: 
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Figure 12: Physical Properties of the SPF material [29]. 

 As for the loading input the calculations are done as the following: 

● Surface Area of the roof is taken as 59.87 m2. 

● Weight of the snow deposit is taken as 40 lbs/ft2. Total load is 114586 N 

● Each of the 8 beams carrying directly the load of the roof is under a load of: 

114586/8=14323N 

Plugging the numbers for each parameter we obtain the following simulation results: 
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Figure 13: Stress Diagram of the Frame 

 

The simulation diagram of the static loading of the truss shows a maximal 

stress value of 1.136 Mpa at the lateral ground supports of the frame and a minimum 

value of 2.744 Kpa at the top beam of the structure. The stress within the beams stays 

under the safe maximum stress limit of 1200 Psi or 8.27 Mpa. In fact, the maximum 

allowed value of stress is only exceeded when the total load of the roof reaches 859.4 

KN which corresponds to a 300 lbs/ft2 snow deposit. This scenario virtually 

impossible to happen under any circumstance. [30]. 
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Figure 14: Strain Diagram of the Frame 

 

As for the strain sustained by the structure, the calculations indicate a very 

negligible displacement that peaks at 0.98 mm of the beams in the structure under 

load. 

 

8.2 THERMAL ANALYSIS OF MATERIALS 

8.2.1 Calculations of the thermal performance 

 In order to calculate and compare the thermal performance of the materials used in the 

design of the roof, the following indicators are used: 

R-Value indicators are used to define the material's ability to resist the flow of 

thermal energy by conduction through the specific thickness of the material and is calculated 

using the following formula: 

𝑅 𝑣𝑎𝑙𝑢𝑒 =
𝑇ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠

𝑇ℎ𝑒𝑟𝑚𝑎𝑙 𝐶𝑜𝑛𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦
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U-Value indicators are used to define the overall heat transmission through levels of 

materials packed together with respect to the thickness of every specific layer and is 

calculated using the following formula : 

U value=  
1

(∑ 𝑅 𝑣𝑎𝑙𝑢𝑒𝑠) 
  

Next step is to calculate the overall U-value of the materials used in the surface of the 

roof and compare them to the reference conventional solution that is using a reinforced 

concrete slab, the following values are defined: 

  R value Thatch: 

 R1=0.3m/(0.11W/mk )=2.72 m2k/W 

 R value of Waterproofing Layer : 

 R2=  0.05m/0.475=0.105 m2k/W 

 Total R value of the roof thickness: 

 Rt= R1+R2 =2.832 m2k/W 

 U value of the Thatch roof thickness:  

U value=  1/Rt = 1/2.832= 0.353 W/m2k 

*Note that this U Value calculation does not consider for the absorptivity and emissivity of 

the medium and those will be accounted for as a separate property during the thermal 

software simulation. 

 

For reference, the calculated U value for a conventional reinforced concrete slab roof 

is calculated as follows: 

 R value of reinforced concrete: 
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 R1=0.2m/(1.7W/mk )=0.117 m2k/W 

 R value of ceramic tiles: 

 R2=  0.05m/1=0.05 m2k/W 

 Total R value of the roof thickness: 

 Rt=R1+R2=0.167 m2k/W 

 U value of the concrete roof thickness:  

U value=  1/Rt=1/0.167= 5.99 W/m2k 

*Note that this U Value calculation does not consider for the absorptivity and emissivity of 

the medium and those will be accounted for as a separate property during the thermal 

software simulation. 

 

 Following the calculations, there is a net 5.637W/m2k of difference in terms of the U-

value between a 30 centimeters thick thatch layer with its 5 centimeters cane reeds layer and 

a 20 centimeters thick reinforced concrete slab with its added ceramic tiles. It is safe to say 

that for every 1 Kelvin change in temperatures between the surrounding mediums, the 30 

centimeters Thatch layer saves an average of 5.637W worth of thermal energy within every 

meter square of space.  

 To visualize the impact on the energy saving, the formula to calculate the amount of 

thermal energy lost Q is defined as the following:  

Q=U × A × ΔT 

Where U is the U-value of the layer, A is the surface area of the medium and T are the 

temperatures of the surrounding mediums. For the following calculations, the house 
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temperatures is considered a constant 25 degrees Celsius while the outdoor ambient 

temperature is taken as 10 degrees: 

● 60 meters square Thatch roof: 

Q=0.353 ×60×(25-10)=317.7 W 

● 60 meters square Concrete roof: 

Q=5.99 ×60×(25-10)=5391.7 W 

 These are theoretical calculations that are independent of a unit of time. The next part 

of the simulation along with the financial analysis however, should give an idea about the 

quantity of the thermal energy that is saved over the long term.  

 

8.2.2 Simulation of the thermal performance : 

In order to visualize the impact of the heat insulation aspect of the materials used for 

the design of the roof, a simulation looking into thermal flows within the materials will be 

implemented using the software ENERGY2D. The software allows for a 2 dimensional 

design of the materials, the input of their thermal and radiation properties and the simulation 

of the heat and fluid movements within that environment. 

 A set of analysis will be conducted to measure the difference in terms of thermal 

performance between the chosen design that is Thatch and a reference design that is concrete. 

The simulations are using an object of 25 degrees celsius temperature to model the thermal 

energy incoming to the surface of the roof. The other cross section dimensions of the roof are 

retained, 5.6 meters in width and 2.8 meters in height for a 45 degree angle double pitched 

roof. 

 The first simulation is a thermal streamlines simulation for a concrete roof of 20 

centimeters thickness. For this simulation, the following values are set: 
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Thermal Conductivity 1.7 W/mk 

Specific Heat 1000 J/Kgk 

Density 2400 Kg/m3 

Absorptivity 0.63 

Reflectivity 0.37 

Emissivity 0.94 

Table 2: Material Properties of Concrete.[31]. 

 

 The result of the simulation is as the following: 

 The thermal flux within the symmetrical points do show 73.19 W/m2 and 64.59 

W/m2 respectively. The slight difference between the two readings is due to the slight 

differences in the convection effect at the specific moment of measurement. The heat 

streamlines are virtually symmetrical. 

 
Figure 15: Thermal Flow Simulation of a Concrete Roof 

 

The second simulation is a thermal streamlines simulation for a Thatch roof of 20 

centimeters thickness. For this simulation the following values are set: 
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Thermal Conductivity 0.11 W/mk 

Specific Heat 180 J/Kgk 

Density 90 Kg/m3 

Absorptivity 0.5 

Reflectivity 0.5 

Emissivity 0.9 

Table 3: Material Properties of Thatch. [31]. 

 

 The result of the simulation is as the following: 

 The heat flux sensors indicate 20.61 W/m2 and 23.1W/m2 respectively. As for the 

first simulation, the streamlines are almost symmetrical under the area of the roof which 

indicates a similar convection profile for both sides of the sensors. 

 
Figure 16: Thermal Flow Simulation of a Thatch Roof 

As it shows from the two simulations, Thatch roofs are able to resist over two thirds 

of the thermal energy lost by the same thickness concrete roofs. In order to achieve the same 

thermal performance of the Thatch roof, conventional concrete roofs are required to 

implement additional insulation designs that should contribute as an added cost to the already 

high cost and complexity of building a concrete roof.  
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9. Financial Analysis: 

 This section will look into the studied roofing solution from a financial aspect. The 

comparison will be first looking into the gap in terms of the cost of implementation as an 

initial investment. Then, the long term energy and maintenance expenses will be analyzed 

and put under comparison in order to make a final verdict about financial impact of the 

design. 

9.1 IMPLEMENTATION COST  

First step of any financial analysis is to start from an initial investment perspective. 

The implementation process of the thatch roof adds a positive value of less complexity and 

less labor requirement. However, total financial comparison that includes the cost of 

materials as well, is required to make a fair judgement about the financial impact of the 

solution. 

The components and their costs estimation that should be considered during the 

calculations of the initial investment dedicated to the implementation of a Thatch roof are as 

the following: 

6m Wide 45° Pitch Wooden 

Frame Beams + Steel 

Assembly Elements 

2350 MAD/ Truss 9400 MAD 

Truss Construction Labor 1260 MAD/Truss 5040 MAD 

Thatching Work (Including 

Waterproofing) 

130MAD/m2 7800 MAD 

Fire Retardant Spray 500MAD / 3.78 Liters 500 MAD 

 

Total Estimated Cost:  22740 MAD 

Table 4: Estimated Costs of Building a Thatch Roof. [32]. 
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9.2 ENERGY COSTS SAVINGS 

 In order to highlight the energy cost saving of the design with respect to a 

conventional design, a simulation of energy consumption will look into the overall energy 

demands of the house over two scenarios. The first one being for the case of a conventional 

concrete roof, while the second one is for the case the use of Thatch roof.  

For this simulation, the house is designed in the software ENERGY3D down to the 

details of its architectural plan. The software allows to use a detailed weather and temperature 

pattern of the region of the building, and it includes the sun radiation patterns as well. The 

software also allows to user to set the specifications of the materials used in the design of the 

house. For this case, two scenarios will be compared. The first being a reference for the case 

of the roof built using concrete slabs. The second scenario will be for the roof surface made 

out of Thatch and supported by a wooden structural frame. The software gives the yearly 

energy expenditure for heating , the total energy expenditure for cooling and the total of the 

two. The software also allows the implementation of photovoltaic tiles and can add up their 

net energy contribution the overall yearly energy expenditure of the house.  

 
Figure 17: Actual Scale House Design in the Software ENERGY3D 

 

● Scenario 1: Roof made out of concrete slabs 



58 
 

 For this scenario the U value of the roof is taken as 5.99W/m2k. Running the 

simulation of the yearly energy consumption yields a total of: 56,133kWh, of which 

35,075kWh is used for heating and 21,057kWh is used for air conditioning. 

 
Figure 18: Simulation Data of The Concrete Roof Scenario. 

 

● Scenario 2: Roof made out of Thatch 

For this scenario the U value of the roof is taken as 0.353W/m2k. Running the 

simulation of the yearly energy consumption yields a total of: 34,592kWh, of which 

23,190kWh is used for heating and 11,402kWh is used for air conditioning.  
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Figure 19: Simulation Data of the Thatch Roof Scenario. 

 

 The difference in the U-value between the two scenarios for the roof not only lowers 

the overall heating cost but also cuts down on the air conditioning costs. This double edge 

benefit could be explained by the difference in the U-value of both designs. As previously 

mentioned the U-value is a measure of resistance to heat flow in general. The lower the U-

value, the higher the resistance to thermal energy traveling through the material. Thus, a 

lower U-value contributes both to less thermal energy lost by the house and less excess 

thermal energy gained in the form of sun radiation.[33]. 

 In order to translate these energy savings into currency value, the following energy 

costs standards are given: 
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Table 5: Fees for Unit of kWh per Installment.[34]. 

 

While electricity is the only energy source that can be used for cooling. There is either 

choice for using electricity or wood for heating purposes. The standard for the wood energy 

yield is defined as the following: 

Depending on the moisture content of the Oak wood, one of the most predominant tree 

species in the region of Ifrane, which stands as a 10% to 20% bare minimum for a dry wood, 

the thermal energy yield is 10.4 MegaJoules or 2.8 kWh worth of energy per kilogram 

resulting from a very optimistic 70% conversion efficiency.[35]. 

 

The following table highlights the difference in energy consumption in terms of MAD: 

Scenario Concrete Roof Thatch Roof Difference 

Energy used for 

heating in kWh 

35,075 23,190 11885 kWh 

Cost of heating in 

MAD (1500 

MAD/ton of wood) 

18790 MAD 12423 MAD 6367MAD 

Energy used for 

cooling in kWh 

21,057 11,402 9655 kWh 

Cost of cooling in 

MAD (avg 0.9 

MAD/kWh) 

20846 MAD 10261 MAD 10585 MAD 

Table 6:Energy Consumption Impact of a Concrete Roof and a Thatch Roof. 
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*Taking the price of wood as 1500 MAD/ton (Including delivery) 

9.3 POTENTIAL COST OPTIMIZATION: 

 One should bear in mind that the costs mentioned earlier are merely close estimations 

taken from relevant sources and they do not entirely reflect the true cost of real world 

applicability. These cost have a good margin for optimization. For instance, the cost of 

building the wooden frame trusses is taken from the construction services website Maroc Prix 

Construction. The website estimates the costs according to the average fees offered by large 

Moroccan construction suppliers. The frame building expenses could be drastically reduced 

depending on the supplier and the possibility to find a convenient local supplier in the region 

of IFRANE-MEKNES can significantly cut down on the expenses.  

 The cost of the Thatching and waterproofing work is estimated by a local Thatcher 

who owns a workshop in AZROU. According to him, 130 MAD/m2 price estimation 

accounts for the worst case scenarios of interrupted and delayed labor. The price per unit of 

area has plenty of room to go down. Also, if the plans and ambitions of the project go as 

planned. It is possible to open negotiations upon the availability of more and more work 

opportunities.  
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10. WRAPPING UP 

10.1 CONCLUSIONS 

 The project pursued the achievement of one of its main goals, which is compiling the 

scientific data and knowledge into an efficient and ecological roof design. Several common 

ecological and efficient designs where studied and broken down to the fine details in order to 

pick the best from each world and come up with the best possible and most convenient design 

for the direction and intents of the project. Feasibility was the most important criteria during 

the design process, after that came the aspect of efficiency and practicality.  

 The roof design of the 77m2 property will be covering 7.7x6 meters built area. The 

structure of the roof will be supported by four King Trusses that are made using framing 

lumber based on Pine wood species.  The static simulation shows that the frame structure is 

able to withstand up to 300 lbs/ft2 of live load, which is largely sufficient for any expected 

amount of snowfall in the region of IFRANE. The design of the roof will ensure a 0.353 

W/m2k U-value compared to a 5.99 W/m2k of a conventional concrete roof. The much 

smaller U-value will ensure a better insulation against the loss of thermal energy during cold 

weather and a better protection against the gain of excess thermal energy through radiation 

during summer’s long sun hours. In terms of energy cost, the software simulation estimates 

up to 6367 MAD as an average energy saving for heating purposes alone. A relevant 

estimation of the total implementation costs indicates a 22740 MAD that has a high potential 

for optimization. 

10.2 FUTURE WORK 

 The design suggested is not by any means perfect and it has an unlimited potential of 

improvement just like as all scientific and technological achievements. There is no such thing 

as a definitive science. There is always a room for optimization and correction. All the 
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aspects making up the design can benefit from a further increase in efficiency or a whole 

replacement to a better alternative in all. Also the simulation methods can be optimized in 

terms of accuracy. 

 The cost of the design is yet to be optimized in order to bring it down to reach of a 

community with low means in life and make it more affordable. However, the cost of the 

suggested design and its long term energy savings puts it way ahead of a conventional 

concrete roof design. The huge advantage has to be highlighted to not only the community of 

the village of Zaouiate Sidi-Abdeslam but also the community of the Ifrane region. Working 

closely with the community of the village on the general aspect of energy efficiency as of a 

next step is important to establish a biggest magnitude and influence of the missions and 

motivations established by the project. 
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Appendices:  

Appendix A: ROOF ARCHITECTURAL DESIGN 
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Appendix B: HOUSE AND SITE ARCHITECTURAL PLANS 
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Appendix C: CONVECTION FLOW SIMULATION  

 

 

  



71 
 

Appendix D: PROJECT INITIAL SPECIFICATIONS 

 

 

 


