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ABSTRACT 
 

 

 

This capstone project aims to decrease the general heat loss of the house in Zaouiat 

Abdesalam by installing new improved materials. The report provides at first an analysis of 

the current house that is to be renovated, then it presents the building plan of the building in 

Design Builder to help with the computations of the u value. After that comes a detailed 

description of all the materials to be used before and after renovation. The definition of the U 

value and its importance will be prensented in the paper afterwards since the U-value is what 

determines the exact amount of heat loss or gained. The major part is the overall thermal 

performance of the house (before and after).  

Therefore, the U-value of the current house is calculated and compared with the U-value of 

the same house after improvements to deduct where the real problems takes place (Walls, 

Roof, Flooring, or Windows and Doors).  

Last but not least, the results of these improvements will be discussed in details, to show the 

interested reader that insulating the house and going green is the best decision to take 

concerning your own house. 
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INTRODUCTION 
 

The global foundation around environmental issues is growing. If for many observers, they 

are justified by the will of the delegations of different countries to make money, for many 

others, they are justified by the degradation of nature. It is a reality today. Climate change is 

obvious. Winter is far too mild, summers are too hot, there are more and more tsunamis, the 

rivers are dry, etc. The ecological gesture is therefore imposed on everyone now; but the 

reasons that justify the importance of ecology are far beyond all that. Why did we come to the 

stage where we have to deal with ecology? Basically, why is ecology important? 

Ecology is a science that studies the relationships between animals, plants and their 

environments. This science is of paramount importance, especially in recent years where 

climate change is occurring. In many geographical areas, the normal climate no longer exists. 

We know that in winter, there is an intense freshness, and it snows. However, during this 

period of the year, when we must have this phenomenon, it is another situation that presents 

itself. The seasons take time to manifest, and when they manifest themselves, it is only 

timidly. As proof, in ski resorts, we notice more and more snow. 

This situation is a sign of climate disruption; this situation is due to the action of man on the 

environment. Nature is made up of plants, minerals, animals and people. However, man is 

among all these components, the element that has a major influence on it. As a result, by his 

actions, he degrades nature. Industries today are real machines of degradation. They emit 

greenhouse gases [4]. 

These gases gradually destroy the ozone layer, the layer that protects living beings from 

ultraviolet rays. As the ozone layer deteriorates, so does the climate; and that is what justifies 

the climate changes that are observed. On the other side,  there are also some other habits such 

as deforestation and desertification, which justify climate change. But all these causes are 

related to the activity of the man. [4] 
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When you have habits, it is often difficult to get rid of them and yet, it is important to get rid 

of it. This is a truth that is true for ecology. Even if destroying is sometimes easier to do than 

build, it is important to get into ecology. The ecological gesture is up to each man first before 

being related to industries. Garbage must be put in garbage cans, water must be used wisely, 

these are two commonplace gestures, but which contribute very well to the balance of nature. 

Ecological gestures are very beneficial, contrary to what many people think. 

We should know that when we waste less a useful resource, we spend less. This is the case of 

water, which is certainly useful, but is much wasted. In the same way, the isolation of a home 

or the adoption of renewable energies, certainly at first, are investments that are expensive, 

but they always prove financially advantageous. 

Concerning Morocco, The Climate Action Tracker that is an independent scientific board 

declared that Morocco is doing well ecologically. The government has stated that many 

industries, including agriculture and fishing, are vulnerable to climate change. Morocco is an 

agricultural country where the majority of its population lives with its natural resources. 

Therefore, limiting the impact of global warming is essential, according to these officials. In 

addition, the country imports 94% of its energy as fossil fuels, according to Hakima El Haite, 

Minister for the Environment, which has serious consequences on the state budget. Many big 

companies in Morocco are very ecofriendly such as “Maroc Telecom” which contribute to 

many ecological projects such as the cyber parc “Arsat Moulay Abdeslam”, other initiatives 

such as changing the material used in cards and make them biodegradable. [4] 

 

 

 

 

 



 

 

 7 

Problem Statement 
 

An efficient green house is one that barely uses energy for heat, light, and other appliances.  

Zaouiat Abdesalam gets very cold during the winter, so the major draw they face is almost 

always heating so finding a way to reduce that energy consumption is the best way to reduce 

general costs. As a consequence and since modest people that cannot afford additional costs 

inhabit this area, the best way to help is to build a well-sealed, well-insulated building that 

would trap heat inside. However, it should be properly designed to keep the right level of 

heating to avoid overheating in the summer and to reduce energy consumption by 

sustainability. 

Aim of the Project 
 

The objective of this project is to show how can our population benefit even more while 

protecting its nature. There are many technologies now that should be applied to help 

inhabitants be more eco friendly and by designing an eco friendly small house in Zaouiat 

Abdesalam using a range of technologies that will also include high impact construction 

materials, education about it would be spread around that village. Other neighbors will 

hopefully benefit and make their village a beautiful ecological Zaouiat that would attract a lot 

of tourists. 

The following points are the main aims of this project: 

-Choice of the right green materials, type of construction and insulation. 

-Analysis of the house, details about it surfaces. 

-Design the house on Design Builder to help with the computations of the overall thermal 

performance. 

-Description of all materials to be used in the process of renovation. 

-Use of sustainable heating and green roof. 

-The overall thermal performance of both the before and after of the house 
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-Then, last but not least, discuss the results of our findings. 

STEEPLE ANALYSIS 
To carry out a business diagnosis with a view to developing a strategy, the analysis focuses on 

several angles. First of all, the internal components, then the external variables. It is in this 

second part that the Steeple method is part by providing a framework of analysis. Like the 

model of Porter (the 5 forces), the objective of this model is to evaluate the influence of 

external factors on the project studied. The essential starting point for any study on the 

business environment is to gain height and to appreciate new perspectives, it is the objective 

that the Steeple (Political, Economic, Sociological, Technological, Ecological, Legal) has 

given itself, a tool of macro-environmental analysis. Beyond the market, it is necessary to 

have a macro-vision of the entire socio-economic environment. 

Whether to build a business plan or accelerate the development of your business, studying the 

playground on which you want to settle allows you to optimize your commercial and 

marketing decisions. The more information you accumulate about your environment, the 

better your strategic plan is, and therefore effective. The essential thing is to have a vision that 

encompasses all the parties taking and the balance of power that ranks them. 

Social Implication 
This ecological house project will improve the lifestyle of the poor place of Zaouiate Sidi 

Abdeslam, many families will learn from this house, and they will use it as a model to 

transform their homes into a more sustainable one. The lifestyle of the local population will 

be more ecofriendly, people will be more aware and they will be more sensitive to manage the 

waste correctly in order to use it from ecological purposes. 

Technological Implication 
This project will bring new methods of construction to the region. Many people in this region 

are not aware of the advanced ecological technology that is existing. Many rural people are 
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still using traditional methods to heat that are obsolete and create a lot of waste and pollution 

in the environment. With this new project, we will be using new kind of mixtures that will 

change the method of construction. Using design builder and many other softwares, we will 

be able to build a new house that is ecofriendly. 

Environmental implication 
The building of an ecological house implies a lot of environmental implications; the project of 

this capstone is obviously building a house that emits zero pollution or at least less than a 

traditional house. This will result also in a decrease in the consumption of electricity and 

natural resources such as wood. 

Economical Implication 
This project will have a great impact on the region since the population will take advantage of 

it in order to decrease and minimize the cost of their consumption. The heat will be produced 

with lower cost and people will benefit from this idea. Other families from the village may 

switch to this new technology. It is also a great initiative to attract more curious investors into 

this village to make the economy of the region grow. 

Political implication 
At COP22, Morocco wants to highlight its commitment to sustainable development and its 

investments green energy. This shows that Morocco is really into ecological projects and this 

ecological house will bring new knowledge to the Moroccan community and therefore will be 

useful to people in need of decreasing the cost of their heating etc while sustaining the energy.  

Legal implication 
The project must be in compliance with all laws related to constructing an ecological house, 

which means: 

Are we following the standards and laws regarding the construction of the house?  

Are we respecting the laws regarding the safety of the workers and the legal age of working? 
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Are there any taxes regarding the construction, ecological taxes/benefits or anything related to 

the paperwork? 

Do we benefit from an aid from the government? Since Morocco is encouraging many 

ecological projects. 

Following these information above, we have to make sure that our project is respecting the 

Moroccan law and standards.  

Ethical Implication 
Ethics in this project will be shown during the construction of the house. The steps and the 

information should be transparent during the process to keep everyone informed.  
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Current House Analysis 

 
The current structure is a house located in Zaouiat Abdesalam, close to the Al Akhawayn 

center of illitricy. The house is not fully built yet, it consists of only the basement and an 

outside bathroom. The ground floor has three large rooms ; a bedroom that the family of three 

share, an open kitchen to the entrance area, and another large room considered to be a living 

room. The outside bathroom exceed the legal perimeters owned by the household, according 

to the architect. Therefore, the water-closet is to be removed after renovation.  

There are two wood external doors for the rooms, one metal door for the entrance and two 

single glazed windows.  

The whole house is built on concrete only ; both external and internal walls, the roof  as well 

as the floor. No insulation whatsoever and not even a second layer of material on the external 

walls. Concrete is not enough for this type of building, especially in the location of Ifrane 

where it snows hard and the winter gets very cold. It would transmit most of the heat of the 

outside to the inside, since it is far from being an insulator. Thus, this house is in need of this 

renovation. 

Now moving to numbers and details : The total surface area of the house is 77m² ; the one 

large living room surface are is 21m², the bedroom’s area is 26.78m², and the entrance/kitchen 

‘s area is 26.4m². The two windows have the same surface area, which is m². And both 

internal doors share the same area: 3.6m². However, the external door is slightly larger with a 

2m².The height of the house 2.6m. The thickness of the external walls is 0.20m  and the 

thickness of the internal walls is 0.15m. 
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Here are some photos taken of the cuurent house: 

 
Figure 1: Front View of the House. 

 

 

 
 

Figure 2: Axonometric View of the House. 
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Building Plan 
 

Design Builder facilitates the modelling of any building using advanced tools. It 

provides you with all the necessary informations concerning construction.  

For this project, Design Builder was used to have, first of all, the plan clean and clear to help 

the reader get a closer look and also to make the calculations of the U value less complicated.  

The parameters of the building are plugged with details to get the right outcome of any 

heating/ cooling we might need during the performance evaluation [3]. 

 
Figure 1: Plan View of the House on Design Builder. 

 

 

https://scontent-cdg2-1.xx.fbcdn.net/v/t1.15752-9/46778385_642980626098871_5714307619137519616_n.png?_nc_cat=106&_nc_ht=scontent-cdg2-1.xx&oh=75d616c01794ab0ca79f90dd0bd5ac68&oe=5C6B2157
https://scontent-cdg2-1.xx.fbcdn.net/v/t1.15752-9/46778385_642980626098871_5714307619137519616_n.png?_nc_cat=106&_nc_ht=scontent-cdg2-1.xx&oh=75d616c01794ab0ca79f90dd0bd5ac68&oe=5C6B2157
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Figure 2: Axonometric View of the House on Design Builder. 

 

Figure 3: Axonometric Visualization of the House on Design Builder. 

 

Figure 4: Plan Visualization of the House on Design Builder. 
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Current Material Used in the Building 

Concrete 

Concrete is the main material used for the construction of the house, as mentioned 

before. So, here is a detailed neutral description of the material, the reason why it is 

commonly used worldwide, its advantages and finally the drawbacks that show its 

inefficiency as an only layer.  

Concrete is nothing new. This solid material is indeed known since a long time, at the 

time of Antiquity. It constitutes the foundations of great castles, forts, temples, monuments 

and different architectural structures that foreigners and tourists admire and visit. His formula 

quickly spread, including in Greece during a battle led by Alexander the Great, then around 

the world. 

Today, concrete is the most used material in individual constructions. Moreover, concrete 

construction occupies 80% of current architectural achievements. Indeed composed of 

aggregates of sand and gravel usually cement and sometimes bitumen, and water, concrete is 

the guarantor of the robustness and durability of a construction [6] 

Thanks to its composition, concrete is a compact and solid material. The proof: all 

these infrastructures established since the time of our ancestors and which perpetuate until 

today. This fact that the choice of a concrete construction is not a coincidence. It covers ⅔ of 

homes in the world. In addition, the concrete is 100% not flammable. It does not rust and rot. 

While the concrete construction is less expensive to maintain, it is not less energy. Indeed, it 

is a material that does not involve large pollution since its manufacture and once built. In its 

design, it adopts a completely natural curing process, involving no cooking. Once built, the 

concrete remains inert and does not release any pollutant and harmful to the environment. In 

addition to its high performance, the material is 100% recyclable. [6] 

Concrete can be recycled as aggregate - for use as a foundation material for roads and parking 

areas, for gabion walls, as rip-rap to protect the shoreline or other applications - or as a 
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granular material, thereby reducing an amount of material going to the landfill and the need 

for virgin materials for new construction. 

In addition to the technical strengths of concrete in construction, this material also has 

a wide range of advantages in terms of aesthetics. Indeed, it is very versatile which allows it 

to be molded under a multitude of shapes, colors and patterns. This is why he has become one 

of the most important allies of the most avant-garde architects and designers in the decoration 

and for the design of furniture and various sculptures. Also, concrete construction opens up a 

wide choice of textures: smooth or granular. Moreover, you can perfectly model it as you 

wish to obtain innovative finishes in terms of colors including: wood, slate, or even natural 

stone. [6] 

The capacity of concrete to store energy (its thermal mass) makes it possible to temper 

the interior, which reduces up to 8% the demand for heating and cooling of the building 

according to the report of the MIT Construction and this over its lifetime. Used in 

combination with technologies such as radiant floors and geothermal heating and cooling, the 

concrete can improve energy efficiency by 70%. It improves the "passive survival" of a 

building in the event that services such as electricity, heating or water are interrupted – like in 

Zaouiat Sidi Abdeslam, increasing occupant comfort and minimizing energy needs for the city 

as a whole. Finally, concrete is usually manufactured using local resources within 160 

kilometers of a project site. This significantly reduces travel and pollution and contributes 

significantly to the local economy. [6] 

 

However, the problems of concrete are varied. They reach either the cement matrix or 

reinforcements, sometimes both. Their origins are very numerous: every step from the 

formulation to the implementation, but also the aggressiveness of the environment can be a 

source of degradation. The positioning of reinforcement, for example, is essential: if they are 
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flush or if they are placed too close to the surface, their oxidation will be favored, which will 

induce a degradation of the concrete. Indeed, an oxidized reinforcement can occupy up to 9 

times more volume than the initial metal causing inert stresses to the material. Similarly, 

concrete is a molded product, so any imperfection of the formwork (tightness, roughness, and 

traces of rust...) will leave its mark on concrete. [6] 

Carbonation 

Carbonation is a natural aging phenomenon that concerns concrete. It corresponds to a 

progressive transformation of essentially one of the hardened concrete compounds, portlandite 

(Ca (OH) 2), into calcite (CaCO3) in contact with the carbon dioxide contained in the air and 

in the presence of moisture. This transformation is accompanied by a decrease in pH, the 

healthy concrete has a pH of about 13, which is a protective medium for steel reinforcement 

and allows the formation of a layer of passive oxides. On the other hand, the pH of a 

carbonated concrete is about 9. At these pH values, the passive film is destroyed and 

corrosion can develop. 

One of the main consequences of carbonation is therefore to promote the corrosion of 

reinforcement when the carbonation front reaches them. Most of the time, it results in the 

appearance of wrinkles revealing oxidized reinforcements and the explosion or cracking of 

concrete 

The porosity of the cement paste can in a very simplified way be likened to a combination of 

bubbles and tubes (capillaries), the bubbles being connected together by capillaries (when the 

porosity is connected). When water can move through the capillaries to a still "free" bubble, 

ice can form without harmful consequences. If instead it is formed in the capillaries, it can 

generate such constraints that cracking can develop. Thus, the transformation of water into ice 

is would increase the volume to 9%. However, this expansion of volume is not the only origin 

of the cracks. It also induces water movements within the porosity. The pressures caused by 
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these movements of water, when they exceed the tensile strength of the concrete, can cause 

the appearance of cracks. As far as aggregates are concerned, their size, porosity and 

permeability play a major role in their gelidity. The aggregates that are most sensitive to frost 

seem to be large aggregates (the sands are generally much less frosty than gravels) and having 

a high porosity, essentially formed of very fine pores. 

 The sulphatic attack, as an attack by chlorides occurs only when a sufficient intake of 

sulphates. These sulphates, in a liquid or gaseous form, often come from industrial or 

urban pollution. They can react with certain concrete compounds (especially 

aluminates) to produce secondary Candlot salt or calcium trisulfoaluminate. When 

they are produced in large quantities, these expansive salts lead to a swelling of the 

concrete and to its cracking. The cracks produced are generally quite fine and above 

all are organized into a network of meshes. 

Added Material for Renovation 

Stone 
 

Stone is actually one of the first material ever used by mankind, since it exists in all parts of 

the world. It is known to be durable, which make stone the most preferable material when it 

comes to construction and buildings, it endure all type of meteorological conditions. The 

famous stone come from different type of sedimentary rocks. Types of stone are diverse. 

There is the sedimentary, igneous and the metamorphic type of rock. Some example might be 

the basalt and the granite; they are created from liquid lava which gives them this strength and 

durability. The sedimentary rocks are different from igneous rocks since they don’t share the 

same creation process. The deposit of the rocks in the creation of sedimentary rock comes 

from rivers, We have also the metamorphic stones which are the result of the pressure of 

hardness of different rocks that change the shape od rock. 
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Limestone is mainly used in the domain of construction, it is known for its different colors 

and shape, which makes the limestone very demanded in the market.  It has a strong 

resistance and can last for a long time,  

However, it has a weak point that is the acid rain. Its thermal conductivity is about 1.26 W / 

m. once exposed to acid rain, the limestone is deteriorated, and this will need a regular check 

in the construction site.  

Sandstone is also an extensively used building material because its houses are much like the 

ones of limestone because it is sedimentary. It is far gentle, easy to mold and as long 

lasting as limestone, however is less prone to acid rain and calls for much less maintenance. 

Its thermal conductivity is about 1.7 W / m.  

 

And since the stone is very available on the area of Zaouiat Abdesalam, choosing it as an 

outer layer for the external walls is the perfect option. Not only is it be effective for the energy 

consumption of the house, but it also won’t cost a lot and that is a huge plus.  

Bricks  
Used for millennia in the field of construction, terracotta materials have adapted to the 

evolution of construction and its constraints. Brick, made of ground clay, has different shapes 

and sizes depending on its function and purpose. The components of the brick are made of 

clay, a very light material made of several types of rocks. The most used components are 

alumina (8 to 25%), iron oxide (2 to 10%), titanium oxide (0.3 to 2%), lime (2 to 10%), silica 

(35 to 80%), sodium hydroxide (0.1 to 1%), potassium hydroxide (0.5 to 4.5%), and carbon 

dioxide (0 to 15%). The properties of certain clays and especially natural clays make them 

very elastic, making it necessary to add degreasers to facilitate shaping (sand, crushed clay, 

etc.) [7] 

The clay, once mixed with water, gives a more or less malleable paste that facilitates shaping. 

During the preparation of dough, the constituents are dosed and adjusted according to the 
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desired plasticity. The paste obtained is left for a few weeks to allow a uniform plasticity. 

Then, the shaping of bricks is obtained either by drawing or by pressing. Stretching is an 

extrusion process that creates a bead then cut. Pressing, often used in addition to stretching, 

gives the final shape to bricks. 

Its advantages 

 Dimensional stability 

 Durability: the bricks are durable and can stay functional for a long time 

 Fire resistance: they are very resistant to fire 

 Natural and recyclable material: It is a natural material therefore it is easily recyclable 

and green friendly  

 No harmful emissions during implementation and over time: It is an ecological 

material widely used in Morocco 

 Inert: restores the heat accumulated during the day, 

 Porous: let’s breathe the wall. 

The bricks are widely used in Morocco because of those advantages cited above and also 

because it is cheaper than other materials used in construction. 

 The only negative side is that in a house made of bricks, the foundations will require 

reinforcement because of the weight of the material. Its high density limits its use in no floor 

or one-floor buildings. 

The construction of a brick house also requires a skilled masonry workforce and will take 

longer, thereby increasing the final bill. On the other hand, if the brick is exceptionally 

durable, it is prone to crumbling and has little resistance to humidity. 

The thermal isolation factor of traditional brick is very low and, at the environmental level, 

preference will be given to recycled or re-composed brick. 

Depending on the model and the type of brick, the way of arranging the bricks is different. 
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Building a brick wall requires skill and patience as well as precision. The meteorological 

conditions are essential as well for the drying of the mortar as on its good behavior. 

Cellulose 
Cellulose wadding therefore exists in two forms: bulk - bag (for self-construction) or blower 

system (professional installation) and a plate. Bulk, to be used on attic floors or in a filling of 

joists or in partitions. Treated with boron salt and silicates, it is protected from insects, molds 

and even fire. Perfectly ecological because of the recycling of paper, its thermal coefficient is, 

equivalent to that of mineral wool. But cellulose wadding also exists in panels, for a perfect 

sound insulation and a formidable efficiency against the summer heat. The insulating 

properties of cellulose wadding come from the fact that the wadding locks the air not only 

between the fibers but also in the fibers themselves [5] 

Cellulose fiber insulation is made mainly from recovered newspapers; let us emphasize it, but 

also from post-industrial paper. Cellulose wadding is manufactured in five steps: shredding 

the material, magnetic separation (to remove any staples, for example), removing the fibers, 

dust extraction and addition of minerals, such as borate. This last step allows flame delaying 

of cellulose and prevents the corrosion and proliferation of mold and insect pests, as 

prescribed by the standard on cellulosic fiber insulation. This insulation is also easy to use in 

the existing building, because it allows injecting without breaking everything. This material is 

recovering rather well when the building has reached its end of useful life because it is 

enough simply to suck the material to reuse it again. It is not toxic and does not adhere to 

other components; it facilitates the deconstruction and allows the reuse of construction waste 

for other purposes. [5] 

Its manufacture requires little energy and generates no environmental pollution. Its gray 

energy is 6 kWh / m3 while that of polystyrene is about 850 kWh / m3. 
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There is also cellulose wadding made from non-recyclable pulp, which has the disadvantage 

of having a density twice that obtained with newsprint. Its conduction thermal resistance is 

between 3, 6 and 3, 85 R per inch of thickness. [8] 

Advantages 

o Very good thermal inertia (time that puts the heat to penetrate the walls) 

o Low amount of gray energy  

o Does not cause itching when handling 

o No ingredients harmful to health with the exception of harmful boron salt for the body 

if ingested in too large quantities Excellent fire resistance  

o No decrease in thermal resistance over the years 

o Seeps into the interstices of the structure and therefore limits air infiltration 

o In addition to being a good thermal insulator, it is also a very good sound insulation in 

partitions  

o Like all fibrous materials, its installation must be done with the correct protections, 

especially respiratory/breathing security. 

Green Roof 

Thatched rooftops have been utilized for a considerable length of time, and not without valid 

justification. They're not only decent to take a gander at, and while they do add extraordinary 

character to a building they are likewise exceptionally strong.  

When constructing your very own home, or basically including a rooftop, the look is vital. 

Cover is viewed as excellent on a wide range of homes from close to nothing, old bungalows 

to fresh out of the box new houses. Covered rooftops have delighted in a move in prominence 

lately as supportability has turned out to be more imperative to everybody in the public eye. 

Being a practical material, thatch is the perfect choice for an ecological house. [9] 
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- An appropriately, professionally introduced thatched rooftop which is kept up all the time 

and sited far from any overhanging trees will offer extraordinary strength. You can anticipate 

that cover will last anyplace between 15 to 20 years in great condition.  

- Being a normally protecting material, thatch can protect your home without the requirement 

for extra protecting materials in space, for example, characteristic or engineered fleeces. A 

decent cover won't just keep your home warm in the winter months yet will likewise keep it 

cool amid the late spring. [9] 

- Thatch changes with age, and as it settles in it will start to obscure. This encourages it to mix 

with the encompassing wide open, making a feeling of agreement and having a place, which 

all the more intensely shaded and surfaces tiles and slates can't offer. This makes covered 

rooftops impeccably suited to more country areas, despite the fact that it is similarly as 

appealing in towns and towns. [9] 

- Thatch is profoundly ecologically well disposed, and is a standout amongst other eco rooftop 

types around. The materials required are developed effortlessly and gathered with practically 

a zero apparatus. While covered rooftops are more work serious to a source and build than 

some different choices, a large portion of the materials is sourced from country networks 

which advantage enormously from the work made. [9] 

A thatched roof is the perfect option for this house. It will add a beautiful view to the village, 

but only that, it is a very durable material that could last them up to 15 years. Also, it is the 

perfect insulation material for the roof, it has a high R-value, and that is one thing to look for. 
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Overall Thermal Performance 
 

The thermal performance of the existing building is the most important part of this 

report. U-value calculations of the house in its current state will help define the areas that 

loose heat the most. It will also help us define their percentage contribution to this process 

(walls, roof, flooring, windows, or doors). Finally, this U value is the only way to demonstrate 

the difference of heat loss between the before and after of the house.  

There are two interpretations to the value, if it is low it means the construction will 

have a well thermal isolated place and the opposite is true. If the value is high it means 

that the surface or the construction has a low thermal isolation. 

 To calculate the U value, I used the ISO Model 6946. This model explains how the 

analyst can proceed with calculating the values needed, it also guides with tables containing 

surface resistances in accordance to the direction of heat flow and last but not least it provides 

the thermal resistances of whether the floor, the roof, the windows or the doors in accordance 

to their characteristics. 

 The thermal transmittance is given by :  
 

 

 where 

  U is the thermal transmittance, in W/ (m².K) 

  R tot is the total thermal resistance in m².K/W. 
 

 
  U       is the thermal transmittance, in W/ (m².K) [2] 

 

U = 1 / R tot 
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The R-value is mandatory to calculate the U value. R-value is needed for every 

material whether its walls, wood doors, or the glass of the windows. So, we start by 

calculating it first then we move on to compute the U value of every component individually. 

[2] 

[2 

[2] 

 

Computations of Heat Loss (Before Renovation) 
Thermal conductivity of concrete : 𝜆 =1.5W/m.K. 

𝑅 =
𝑑

𝜆
=

0.2

1.5
= 0.1333m².K/W. 
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U value for internal walls :  

𝑈𝑖.𝑊 =
1

𝑅𝑠𝑒+𝑅𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒+𝑅𝑠𝑖
=

1

0.04+0.133+0.17
= 2.915W/m²K 

 

 

U value for external walls :  

𝑈𝑖.𝑊 =
1

𝑅𝑠𝑒+𝑅𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒+𝑅𝑠𝑖
=

1

0.04+0.133+0.17
= 2.915W/m²K 

 

U value for Roof: 

𝑈𝑖.𝑊 =
1

𝑅𝑠𝑒+𝑅𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒+𝑅𝑠𝑖
=

1

0.04+0.133+0.10
=3.66W/m²K 

 

 

U value for Floor : 

𝑈𝑖.𝑊 =
1

𝑅𝑠𝑒+𝑅𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒+𝑅𝑠𝑖
=

1

0.04+0.133+0.13
=3.30W/m²K 

 

 

Formula for windows and doors : 

1

𝑈
=

1

𝑈′
+ 0.025 

U value for windows :  

𝑈𝑤𝑖𝑛𝑑𝑜𝑤 ′ =
1

𝑅𝑠𝑒 + 𝑅𝑠𝑖𝑛𝑔𝑙𝑒−𝑔𝑙𝑎𝑧 + 𝑅𝑠𝑖
=

1

0.04 + 0.15 + 0.17
= 2.78 

1

𝑈𝑤𝑖𝑛𝑑𝑜𝑤
=

1

𝑈𝑤𝑖𝑛𝑑𝑜𝑤′
+ 0.025      ≫          𝑈𝑤𝑖𝑛𝑑𝑜𝑤 =0.38W/m²K 

 

 

U value for doors : 

 

𝑈𝑑𝑜𝑜𝑟
′ =

1

𝑅𝑠𝑒 + 𝑅𝑤𝑜𝑜𝑑 + 𝑅𝑠𝑖
=

1

0.04 + 0.71 + 0.17
= 1.09 
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1

𝑈𝑑𝑜𝑜𝑟
=

1

𝑈𝑑𝑜𝑜𝑟′
+ 0.025      ≫          𝑈𝑑𝑜𝑜𝑟 =1.06W/m²K 

 

Total surface area : 233.754m² 

%Surface of internal walls : 53.7 ∗
100

233.754
= 22.97% 

%Surface of external walls : 30 ∗
100

233.754
= 12.83% 

%Surface of Roof : 70 ∗
100

233.754
= 30% 

%Surface of Floor : 70 ∗
100

233.754
= 30% 

%Surface of windows : 3.24 ∗
100

233.754
= 1.39% 

%Surface of doors : 6.814 ∗
100

233.754
= 2.92% 

≫ 𝑈𝑇 = ∑ %𝑆𝑖𝑈𝑖 = 3.148𝑊/𝑚².K 

The total heat loss is  𝑈𝑇 ∗ 𝑆ℎ𝑜𝑢𝑠𝑒 = 3.148 ∗ 77 = 242.42
𝑊

𝑚2 . 𝐾 

 

Computations of Heat Loss (After Renovation) 
Thermal conductivity of cellulose : 𝜆 = 0.12 

𝑅 =
𝑑

𝜆
=

0.1

0.12
= 0.833 

Thermal conductivity of stone : 𝜆 = 0.877 

𝑅 =
𝑑

𝜆
=

0.1

0.877
= 0.114 

Thermal conductivity of brick : 𝜆 = 1.33 

𝑅 =
𝑑

𝜆
=

0.1

1.33
= 0.075 

Thermal conductivity of concrete : 𝜆 = 1.5 

𝑅 =
𝑑

𝜆
=

0.2

1.5
= 0.1333 

U value for external walls:  
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𝑈𝑖.𝑊 =
1

𝑅𝑠𝑒+𝑅𝑠𝑡𝑜𝑛𝑒+𝑅𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒+𝑅𝑠𝑖
=

1

0.04+0.114+0.133+0.17
=2.18W/m²K 

 

 

U value for internal walls:  

𝑈𝑒.𝑊 =
1

𝑅𝑠𝑒+𝑅𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒+𝑅𝑐𝑒𝑙𝑙𝑢𝑙𝑜𝑠𝑒+𝑅𝑏𝑟𝑖𝑐𝑘+𝑅𝑠𝑖
=

1

0.04+0.133+0.833++0.17
=0.85W/m²K 

 

U value for Roof: 

𝑈𝑖.𝑊 =
1

𝑅𝑠𝑒+𝑅𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒+𝑅𝑡ℎ𝑎𝑡𝑐ℎ𝑒𝑑+𝑅𝑠𝑖
=

1

0.04+0.133+0.20+0.10
=2.11W/m²K 

 

U value for Floor: 

𝑈𝑖.𝑊 =
1

𝑅𝑠𝑒+𝑅𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒+𝑅𝑜𝑎𝑘 𝑤𝑜𝑜𝑑+𝑅𝑠𝑖
=

1

0.04+0.133+0.17+0.13
= 2.11W/m²K 

 

 

Formula for windows and doors : 

1

𝑈
=

1

𝑈′
+ 0.025 

U value for windows:  

𝑈𝑤𝑖𝑛𝑑𝑜𝑤 ′ =
1

𝑅𝑠𝑒+𝑅𝑑𝑜𝑢𝑏𝑙𝑒−𝑔𝑙𝑎𝑧+𝑅𝑠𝑖
=

1

0.04+0.025+0.17
=4.26 

1

𝑈𝑤𝑖𝑛𝑑𝑜𝑤
=

1

𝑈𝑤𝑖𝑛𝑑𝑜𝑤′
+ 0.025      ≫          𝑈𝑤𝑖𝑛𝑑𝑜𝑤 =0.25W/m²K 

 

 

U value for doors: 

𝑈𝑑𝑜𝑜𝑟′ =
1

𝑅𝑠𝑒 + 𝑅𝑤𝑜𝑜𝑑 𝑜𝑎𝑘 + 𝑅𝑠𝑖
=

1

0.04 + 0.17 + 0.17
= 2.63 

1

𝑈𝑑𝑜𝑜𝑟
=

1

𝑈𝑑𝑜𝑜𝑟′
+ 0.025      ≫          𝑈𝑑𝑜𝑜𝑟 =0.61W/m²K 

 

Total surface area: 233.754m² 
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%Surface of internal walls: 53.7 ∗
100

233.754
= 22.97% 

%Surface of external walls: 30 ∗
100

233.754
= 12.83% 

%Surface of Roof: 70 ∗
100

233.754
= 30% 

%Surface of Floor: 70 ∗
100

233.754
= 30% 

%Surface of windows: 3.24 ∗
100

233.754
= 1.39% 

%Surface of doors: 6.814 ∗
100

233.754
= 2.92% 

≫ 𝑈𝑇 = ∑ %𝑆𝑖𝑈𝑖 = 1.07𝑊/𝑚². 

Therefore, the total heat loss of the house after renovation is 

 𝑈𝑇 ∗ 𝑆𝑡 = 1.07 ∗ 77 = 82.39 𝑊/𝑚². 
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FINANCIAL STUDY 
 

Walls 
 

Material Unit Price per unit (MAD) Final Price 

Brick (6 holes) 1790 1.4 2500 

Insulation 53.7m² 56 3000 

Stone 800 0.8 1000 

The final price for renovation of walls is 6500MAD without labor. 

Stone won’t cost much due to its availability in Zaouiat. 

Roof 
 

The final price of the thatched roof is between 5000 – 7000 MAD. 

Carpentry 
 

 

Material Unit Price per unit Final Price 

Outside Door 1 1700 1700 

Interior Door 4 700 2800 

Double Glazed 

Window (available in 

Alibaba) 

3 1500 4500 

The final price of all the carpentry of the house is 10 500MAD. 

 

So, the final cost of the renovation materials is estimated around 24 000MAD. 
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Results and Discussions 
 

Insulating the overall of the house is the best investment for any house owner since the energy 

efficiency is the top contributor behind an ecological design. 

The house was built only with concrete, the roof, the floor and even external walls; that is 

why the house is either too cold in the winter or too hot in the summer. There was a huge 

energy loss from everywhere. 

However, insulating the house and calculating the U value reduced the energy loss reduced up 

to around 75%. Starting up by insulating the external doors, the u value of the concrete 

external walls was 2.915 W/m²K. Then, by adding only stone (very available in the area) as a 

second layer, the U value reduced to 2.18 W/m²K 

Then, moving on to the internal walls, I considered three layers, to effectively insulate the 

inside of the house. Cellulose and bricks were added to the concrete, the before U value was 

2.915W/m²K and then it decreased to 0.85 W/m²K, and that makes a huge difference in the 

heat loss process.  

Moving to the flooring, only one layer was added to concrete, and that is strong oak wood. 

The U value was 3.30W/m²K then it reduced to 2.11 W/m²K. 

For the roof, the best option is the thatched roof. It is a very ancient and an ecological roof for 

this kind of house, especially in a snowy area. The u value of the only concrete roof was 

3.66W/m²K. Then, by adding the thatch, the roof u value decreased to a 2.11W/m²K. 

Many might underestimate the role of carpentry in the general heat loss of the building. 

However, it critically contributes to that process, but not in this house since it only consists of 

two small windows. The u value of the single glazed windows was 0.38W/m²K. Then, by 

improving the material to double-glazed windows, the u value reduced to a 0.25 W/m²K.  The 

wood doors were also improved to a more steady wood, the oak. The U value was 1.06 

W/m²K, then, it decreased to a 0.62W/m²K. 
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Summer Time 

An un-insulated house will heat up the walls and the roof. The sun’s strong rays throughout 

summer time radiate down our rooftops, which makes the roof and the walls’ temperature 

higher, the attic then heats up and reaches almost one hundred seventy degrees (F°). This high 

temperature makes a quite uncomfortable and uneasy atmosphere in the house. At this point, 

two choices are put into consideration; you can either turn on the air conditioner and watch 

the power meter turn, or struggle with the unbearable heat. 

Typically for poorly protected homes, air conditioning systems are quite substandard, you can 

run it all day long and the house would still be as hot as eighty degrees (F°), thus, 

homeowners are definitely not happy about it. The issue here is that the amount of heat that 

enters through the walls is more than that of coolness coming from the air conditioner, which 

makes it more or less useless. One solution could be considered is to decrease the heat-load 

and block the heat from coming into the house by insulating the roof and walls. The latter, 

then, won’t absorb as much heat, and the house will remarkably cool down for longer hours, 

thus, the air conditioner will run less abundantly and more effectively. As soon as  homes are 

insulated in the hot days of summer time, homeowners feel an instant difference concerning 

their homes’ temperature, and can finally live in favorable conditions. 

Winter Time 

Winter insulation tells a huge difference in winter, it is terrifically efficient to keep heat. Just 

as insulation is possible prevent heat from entering the home in summer, her acts also in the 

same way to support the heat contained in the home during winter. The owners often 

complain about cold houses and about heating appliances working permanently. Indeed, heat 

escapes almost as quickly as the oven can produce heat. Once isolated, heat is kept in the 

home longer. The result is a hotter home which uses much less energy to keep warm. A home 

well-isolated means that the system of air-conditioning and of heating works less often. 
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Besides economizing some money on the bills of heating and of air-conditioning, the air 

inside the home does not treat so much and does not circulate so much in your system of 

CVC, what means that air does not get colder as dried. Insulation also serves for preventing 

the external sound from entering the home. The persons located close to airports and to 

schools mention often less and less sound, and most people describe that the home has a more 

solid feeling. The noninflammable nature of insulation in cellulose gives some protection 

against the fire at home. The insulating material becomes a «hard target» around which the 

fire must burn, what decelerates the spread of the fire of 57 %. During trials, a well-isolated 

home remained structurally undamaged and remained much more for a long time than a home 

not insulated or isolated in glass fiber. Besides, as the cellulose is treated in the borate, the 

material resists insects, white ants, rodents, vermin, mildew, mildew and mushrooms. There is 

even a reduction of condensation on ceilings and walls 
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CONCLUSION 
 

Insulating the building is the best choice to reduce the energy consumption and CO2 

emissions and lower the energy bills. Thus, an efficient ecological house has only advantages 

for their owners. 

The cost of renovation does not exceed 24000MAD and the energy consumption of 

the house reduced to a 70%. So, instead of buying 10 tones of wood worth 1100MAD (around 

13000MAD per year) a ton to warm the house, the energy bill will be reduced remarkably to a 

3000MAD a year. 

These are simple ways that we can introduce to the village to contribute positively in 

the environment and to also be confortable in their own environment. 

The main goal of this project was to design an ecological house that would consume 

less energy and that would advantage the owners financially. 

The initial step was to describe in details the house designated for renovation. Then, 

there was also a description of all the materials that were used before and after renovation. 

The critical part in the whole was to compute the u value of the house, which is the overall 

thermal performance. This is the only way to know how much energy the house used to 

consume and how much less it will consume after totally insulating the house. The results as 

discussed above were major, up to 75% reduction of heat loss, and that was the essential goal 

of the project.  
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