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ABSTRACT 

 

 The purpose of this research is to design a thermal insulating system for a residential 

building in renovation. Several construction techniques are being implemented to ensure the 

feasibility of the project in a real-life scale, and to meet the constraints of the regulations 

regarding construction in the region of Ifrane, more specifically Zaouiat of Sidi Abdessalam.  

 The aim of the study is to choose the best thermal insulation scenario for the house, in 

terms of thermal performance, and thermo-physical properties. The insulating materials 

proposed are foam of Polyurethane, Cellulose wadding, Rock wool, and Glass wool. Finally, 

the financial analysis will play an important role in the final decision.   

 Using  a dynamic thermal simulation software, “Binayate”,  the analysis of the transfer 

of heat happening throughout the building envelope is presented, from heat gains, losses, 

energy need for cooling and heating periods, each of the insulated components of the house, 

walls, ceiling, floor, and windows, including the linear thermal bridges, and real data 

according to the weather in Ifrane are presented, reinforcing the personal arguments on the 

materials and method chosen in the project to achieve energy efficiency and sustainability.   

 From the results, Glass Wool affirmed being the best scenario, having a 63% energy 

reduction impact, a 4.3 years payback period. Furthermore, Its insulation permanences are 

accepted by the norms of the Moroccan thermal regulations. 
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     1.  INTRODUCTION 

 

1.1 BACKGROUND 

 

 On the road to energy development, and independency, Morocco, is actively working 

to move, from a fossil-fuel energy-dependent country, to a green and renewable energy 

producer. Many regulations and goals have been introduced in fields related to sustainability; 

one of the realms Morocco is forcefully working on is the construction sector. The 

construction/buildings sector represents 28% of the total energy consumption in Morocco, 

second after the transportation realm [1]. Known as a field open to innovation and new 

technologies, the residential sector, counts 18% of the total energy consumption in Morocco. 

The potential to lower the GHG emissions and the energy consumption in buildings is present 

through many technical aspects, but the necessity to build dependently of the economical, 

environmental, and social/cultural conditions in the country is also to consider. The energy 

consumption of the residential sector is related to  Morocco’s harsh climate , the more the 

location is far from the Mediterranean or Atlantic coast, the harsher becomes the four seasons 

of the year in that location, thus, the increase in the consumption of energy through cooling or 

heating. To stop this waste of energy, the Moroccan government decided to implement a 

thermal regulation for buildings to be implemented in 2020, enabling thermal insulation 

systems to enter the house of Moroccans.  

1.2  MOTIVATION 

 

 The motivation in this project is first, rising awareness about the conditions people live 

in, and where they should normally be having a comfort life, in a proper house, with a solid 
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thermal and acoustic insulation. Especially in the region of Ifrane, where climate is not 

helping, people tend to live in horrible conditions, specifically in winter, where snow is 

abundant. There’s no better motivation than the satisfaction knowing a family is capable of 

living in complete thermal comfort, trusting young engineers, and promoting sustainability in 

a region where innovation in the thermal insulation isn’t developed. Secondly, the motivation 

to work in such project comes from a personal preference to the construction field, which 

contains a gigantic amount of information to learn either in the installation of the building 

envelope, the transfer of heat occurring throughout the aspect of the building, and ways to 

fight against heat loss. The final motivation is for everybody’s wellness, and it is the 

environment; loosing less energy means less pollution, such project is what we call a small 

step in a big ladder, climbing towards mitigation of emissions and protecting the environment 

in the Moroccan soil, and in the whole world.  

1.3   METHODOLOGY  

 

 To reach the aims of the study, a state-of-the-art is set in place for the explanation of 

the conduction, convection, and radiation of heat within the house. The flux of heat loss 

through the three latter types will be conceptually reviewed, giving room to explain the way 

insulating materials hold heat in the winter, and let it pass in the summer. To properly fulfill 

the design of the insulating system, four software simulations will be conducted, accordingly 

to each materials proposed, “Binayate”, which is a software made by the Moroccan ministry 

of energy, capable of giving detailed thermal performances. In addition to Binayate’s 

Simulation, a cost analysis for the scenarios is proposed. The analysis will enable us to 

compare scenarios using the data between the values given in terms of energy need for 

heating, cooling, the heat input by solar radiation and external means, the ratio of the two 
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types of heat losses happening in the building; in addition to the thermal capacity for the floor, 

roof, and internal/external walls.  

1.4 STEEPLE ANALYSIS   

 

 To examine the external elements related to the project’s macro environment, a 

STEEPLE analysis can respond to those enquiries.  

• Social – The renovation of the building will help improve the life of the inhabitants, 

providing thermal comfort in a passive way is the objective of this project. The social impact 

of the renovation of the house does not limit itself in providing good shelter, but raising the 

value of the idea of insulating the houses in this region; insulating a house can save hazardous 

ways of heating houses, like the gas-heaters, very common in Ifrane’s area, the fault in killing 

a family by asphyxia due to a gas leak [2].  

• Technological – Construction is the perfect realm to integrate technological 

advancements. The simulations and modeling conducted will help clear the vision to future 

studies in the thermal insulation subject, not popular in the Moroccan’s housing culture. The 

study of the renovation of the house is, somehow, a technical guide to energy auditing a 

building envelope, and help analyzes the concepts happening between the outside and the 

inside of the house.  

• Economic – The impact in the expenses thanks to the house renovation is one of the 

main objectives of the project. Heating and cooling with any input energy, except from 

renewable, is increasing the power bills, and the energy consumption of the customer for a 

certain level of comfort. The study shows how the cost of the insulating system will be more 

fruitful, and will payback more than a normal non-insulated building.  
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• Environmental – One of the main external factors related to the project is the 

environmental aspect. CO2 Emissions are a target of the mitigation goals of the Moroccan 

Kingdom, encouraging people to waste less energy through cooling and heating, means 

directly a significant number of Green house gases will be prevented from escaping to the 

atmosphere. Especially in such environment like Ifrane’s, where forests and mountains are 

surrounding the house, respecting the environment and helping our earth in critical times is 

the least human kind can do.  

• Political – Thinking “thermal insulation” is thinking about the environment, the 

economy, and the politics behind implementing an idea the government wants to see growing.  

• Legal – The Moroccan’s ministry of energy encourages thermal insulation projects 

especially since the fighting to make houses regulated in terms of thermal systems, according 

to the zone of location. In the following paragraphs, reference to the thermal insulation guide 

published by the Moroccan ministry of energy, emphasizes on the insulating techniques 

presented in the Moroccan market.  

• Ethical – The construction realm is a subject on which ethics should be applied from A 

to Z. Ethically speaking, the project should respect the culture, privacy, and state-of-mind of 

the people in Zaouiat Sidi Abdessalam; therefore, presenting a new idea similar as insulation 

shouldn’t be imposed in any ways.  
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2. Literature Review of the building envelope 

     

 2.1. Heat transfer in the building envelope 

 

 Heat transfer is the subject of heat dissipating from a body to another dependently on 

their temperatures. If we look at a microscopic perspective, when temperature increases, the 

thermal agitation of the molecules does the same, making the connection between kinetic 

energy and thermal energy evident, greater kinetic energy regions make it pass to regions with 

less [3]. The latter phenomena can explain the concept of heat transfer through three types, 

conduction, radiation, and convection. In a building, the same heat transfer concepts are 

occurring, through the roof, the windows, the floor, and the walls; minimizing the loss of heat 

through these components of the building, and maximizing the gaining and the storing of heat 

inside the building envelope is the objective of knowing what heat transfer is about inside the 

house.  

 When talking about the heat load inside of a building, steady-state conditions are 

assumed in our thermal concepts, even though ideal state, which states that the temperature of 

both the inside and outside systems is constant. The following concepts can still stand correct 

to the real life values, with no critical fluctuation of, the assumed constant, temperature 

degrees. 

 2.1.1    Heat through conduction in buildings 

 

 Beginning with thermal conduction, it is defined as the transfer of heat from a higher 

temperature region to a colder one, according to the Second Law of Thermodynamics; 
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Making the relationship linear between the difference in temperature across the body, and the 

heat. According to Fourier’s Law of heat conduction: 

      𝐐 = −𝐤𝐀(
𝐝𝐓

𝐝𝐱
)  (1) 

Where, k is the thermal conductivity of the material, A is the cross-sectional area 

perpendicular to the heat flow, and dT/dx is the temperature gradient. The minus in the 

equation shows that Q, the heat flow rate, is actually a heat loss through the materials layers 

[4]. 

 From Fourier’s law,  
𝑘

∆𝑥
 can be represented as the conductance U, in W/m².K, making 

the equation look like the following: 

      𝐐 = −𝐔𝐀(∆𝐓)  (2) 

 Inversely proportional to U, the thermal conduction resistance is: 

          𝐑 =
𝟏

𝐔
   (3) 

R is an additive value and can be summed according to the layers of the body studied. For a 

building closed by multiple layers, for instance walls, ceiling, and floor, the transmittance 

coefficient U can be added as follow: 

       
𝟏

𝑼
= ∑ (

𝟏

𝐔𝐧
)𝐧

𝟏   (3). 

 2.1.2 Heat through convection 

 

 The concept of heat travelling via a fluid is called convection heat transfer [5]. The 

convection, since it needs a fluid, depends on air and its passing speed. Reversely, when no 

wind is present, convection is happening through the change in temperature and density of air, 

an example is heating a room with a radiator; the density of air changes in the boundary layer 
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surrounding the radiator, producing “free convection”.  Convection is mostly related to the 

ventilation air system, and how many times air is changed in the whole house.  

 2.1.3 Heat through radiation 

 

 The final type of heat transfer is radiation; the latter is the passing of energy through 

electromagnetic waves [4]. All the bodies can emit energy through radiation, accordingly to 

the temperature of the surface. An example of radiations in the building is solar radiation. The 

temperature of the building is much lower than the one of the sun, explaining the transfer of 

heat when sun lights heat the surface of the glass.  

Radiation proportional to the glazed surface is called the gain of heat Qs, since there’s the 

presence of Θ, the solar gain factor: 

      𝐐𝐒 = 𝐈 ∗ 𝐀 ∗ Θ   (4) 

 The Intensity of the sun radiations is I, in W/m². As our project is working on a house, 

a typical net change in temperature between the emitting hot object and a colder surface can 

occur, especially through the windows, the painting, or the wood materials, the formula for 

Net radiation loss rate is as follow, 

    𝐐 =  𝛆 ∗  𝝈 ∗ 𝑨𝒉 ∗ (𝑻𝒉
𝟒 − 𝑻𝒄

𝟒)   (5) 

 Surely, 𝛆 is the emissivity coefficient of the material absorbing heat, and 𝝈  is the 

radiation constant of the emitting material, in addition to the area A, and the Temperature of 

the hot and cold surface [5].  

2.2  Thermo-Physical properties for the building envelop  

 

 The choices given in terms of insulating materials are higher than one can imagine, 

and choosing what to focus on for a building envelope can be a tricky task. Some criteria can 
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help us narrow down our choices to a final one; the general thermo-physical properties of the 

insulating materials are the main point to discuss. As previously seen in the paragraph above, 

materials do compare between each other, in terms of Thermal conductivity, Thermal 

Resistance, Thermal Diffusivity, Specific heat capacity1, Density, and Vapor permeability2, in 

addition to the other factors like how difficult is the installation, the Moisture resistance of the 

material, and if it is eco-friendly [7]. Except from studying the thermal aspect, our study case 

is a residential house, making the importance of an acoustic insulation system rise up. Sound 

absorption properties are also an added value to the properties listed, the Acoustic Impedance 

referring to the opposite flow of emitting sounds, in other words, the resistance to sound 

waves, it is expressed in Rayl or Pa.s/m3 [8]. Any insulation material should convey some 

important thermal properties to be able to compare them, and decide which one will be best 

suited for the house. In terms of thermal properties, we will refer to the “U” Value, which is 

the coefficient of thermal transmittance, the better the material the lower the U-value should 

be. Inversely proportionally related to the “U” value, the thermal resistance R, and means how 

resistible to heat a material can be vis-à-vis the building envelope.  

 Another property is the thermal conductivity “λ”, lambda, mentioned as k in Fourier’s 

Law.  With a unit of W/m.K, Thermal conductivity means how fast heat is passing through a 

material, if the value of lambda is high, then the conductivity will occur more rapidly than an 

insulation material with lower thermal conductivity. Following what the market has to 

produce, we can talk about adding a 1cm in the thickness of the insulation materials for every 

7-8mW/m°C; which means that if the need to compensate for instance, 14mW/m°C, we can 

add up to 2cm to get a proper thermal performance. Another property would be Vapor 

Resistivity; its duty is to determine the degree of risk for the condensation of water, its sign is 

                                                        
1 Amount of heat required to raise the temperature of the body by one.  

2 The capability of passing water vapor through a body.  
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μ. Resistance to compression, and fire, are also two important criteria of choosing the perfect 

material [6]. The thermal properties are an important features of the materials selected, since 

the simulation will allow us to know if the insulation is respecting the norms of the new 

thermal regulation 

 

2.3  New thermal regulations of construction in Morocco:  

 

 The Law 47-09 is the thermal regulation of construction in Morocco, fixing the 

objectives of the energy performance of any building in Morocco. This thermal regulation of 

construction defines minimum technical specificities and goals that need to be respected, in 

order to:  

• Reduce the need of cooling or heating inside the house.  

• Ameliorate the thermal comfort.  

• Optimizer the conception of the building envelope, independently of the energetic 

installation of the building.  

• Make sure engineers and architects use proper and adequate principals in terms of 

efficiency in thermal conception within the building envelope.  

• Ameliorate investment in thermal insulation realm. 

• Help in energy audits of existing and future buildings. 

 The national agency for the development of renewable energy and energy efficiency 

(ADEREE) developed an energy efficiency program in the construction field; the objective is 

to mitigate the energy consumption in this realm. In 2020, the program is estimating it energy 

economies to 1,2Mtep/an, and a mitigation in GHG emissions of 4, 5 MteCO2. This 

regulation will not only by a way to optimize the thermal energy in the building envelope, 
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intervening in the conception stage, it’s also considered a future tool to give a proper 

diagnostic in already existing building. The thermal regulation the project focuses on 

economical buildings, since the aim is to reduce the need for energy. Following the model of 

the TRCM around the Mediterranean countries, only two countries are respecting the norms, 

those are Turkey and Tunisia. 

 According to the Thermal regulation of construction in Morocco (TRCM), six regions 

are shared in the Kingdom’s territory, Ifrane being one of them. According to its climate, the 

zone of Ifrane should have 64 kWh/m²/year as minimal technical specifications in the 

residential sector. In Table 1, some of the thermal requirements of the TRCM in the zone of 

Ifrane are presented:   

Table 1: Thermal Requirement of the U-value according to the region of Ifrane. 

 Percentage of 

windows 

“U” of roofs 

exposed (W/m².k) 

“U” of external 

walls in (W/m².k) 

“U” of Windows in 

(W/m².k) 

Climatic Zone Z4 

(Ifrane) 

≤15% ≤0,55 ≤0,60 ≤3,30 

16-25% ≤0,55 ≤0,60 ≤3,30 

26-35% ≤0,55 ≤0,60 ≤2,60 

36-45% ≤0,49 ≤0,55 ≤1,90 

  

For the thermal minimum resistance of the low floors, the obligation is to only put slabs 

isolated large enough to procure strong thermal resistance.  

The social-economical impacts in energy and the environment from the thermal regulation in 

the zone of Ifrane, shows itself first in the impact on final consumer, who will gain 

approximately 116kWh/m²/year in cooling and heating, affecting directly the economical side 
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of the final energy consumption bill. The impact on the final energy consumption is as follow, 

according to the conditions set by the TRCM, housings in the Zone 4, Ifrane, can beneficiate 

up to 75kWh/m²/year in energy, mostly in heating energy benefice. The impact in the energy 

consumption bill, for the zone of Ifrane, is in hitting a cost of 30Dh/m²/year.  To conclude, in 

the statistical data of the thermal performance, profitability in the long term using a pay-back 

period calculation can show that in for economical apartments and villas, respectively, it 

reaches a value of 6.9 years, and 10.2 years.  

In terms of internal and external Comfort conditions, the talk is about having in the summer a 

dry temperature of 26°C, and 20°C in winter. This is the ideal temperature that should be in a 

house during those periods. On the other hand, on the external conditions, in Ifrane it reaches -

-6°C, might go lower, as the dry temperature in summer, going up and sometime exceeding 

34°C.  

 

2.4  Thermal insulating Techniques 

 

 Regarding the technical guide on buildings’ thermal insulation in Morocco, we looked 

at the most important aspects in relationship with our project, starting with the construction 

materials, to the insulation system. In Morocco, construction is primarily based on cement and 

concrete, their derivates, and some traditional features like the ceramic tile or “Zellige”. 

Hollow concrete block work and red bricks are two essentials for construction of internal 

walls, garages, or closing walls. Most insulation materials used in Morocco are mineral wool, 

rock wool, and glass; there’s also Polyurethane and polystyrene foams. Generally, double 

walls with air in between, is a model very much taken as ideal for insulation in Morocco; 

standards in the construction realm are starting to change, by encouraging the ventilated 
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façade concept: A retaining wall, with a isolating layer of insulation material, adding a coating 

layer fixed to a immovable aluminum structure [6]. 

 Some of the insulation materials are produced locally, even though the concept is 

taken mostly from Europe, Expanded Polystyrene (EPS) and agglomerated cork, are from the 

lands and trees of Morocco. According to the modern norms of thermal insulation, materials 

with thermal conductivity bigger than 0.065W/mK won’t be accepted as proper insulation 

materials. Table 2 shows all the materials that are considered insulators:  

 

Table 2: Insulating materials. 

Organic/Synthetic Minerals Organic/Natural Recycled 

Polystyrene expanded ( EPS ) Glass wool (MW) Agglomarated Corck Cellulose Wadding 

Polysterene extruded ( XPS ) Rock wool Wood Fibers Polyester Fibers 

Polyurethane Foam ( PUR ) Vermiculite Hemp fiber 

 
Polyisocyanurate ( PIR ) Pearlite Flax Fibers 

Phenolic Foam Cellular Glass Sheep Wool 

Polypropylene expanded  

 

 

 

 

 

Foam of polyethylene 

Elastomer Foam 
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 2.4.1  Insulation in the Ceiling 

 

        Starting with the upper part of the house, we begin with the insulation in terms of 

ceiling. Working on our case study for the house, in the Zaouiat of Sidi Abdessalam, an 

inclined roof is a must, since the house will be in the region of Ifrane where snow is abundant 

in the winter. Table 3, shows the thickness of the type of insulating material that should be 

used at a minimum level, accordingly on the Percentage of windows over the total surface 

area of the house [6].  

Table 3: Thickness Requirements for the insulating materials used on the ceiling. 

 Percentage 

of Windows 

TGBV 

Thickness 

XPS, mm 

Thickness 

EPS, mm 

Thickness 

PUR, mm 

Thickness 

MW, mm 

 

Z4 

0-15% 50 60 50 60 

16-25% 50 60 50 60 

26-35% 50 60 50 60 

36-45% 60 60 50 70 

 

 We can recognize three general types of roofs that correspond to the real life 

construction model taken by Morocco: Inclined isolated roof with Extruded Polystyrene 

(XPS), Extruded Polystyrene (EPS), Polyurethane (PUR) , and with Mineral Wool (MW).  

 2.4.2 Insulation in the Walls 

 

 Secondly, moving from the inclined ceiling to the walls, and opaque walls, the 

insulation in the latter can either be by external insulation, meaning the insulating materials 

will be applied on the external façade of the wall; this solution represents an advantage to not 
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meet thermal bridges, the minus in this technique is the expenses, which can be high [5]. The 

second technique is insulation by injection, which the name explains the concept of injecting 

the insulating material in cavity walls. The third technique is internal insulation, in other 

words, putting the insulating material in the inside of the wall; often used in the renovation of 

buildings, it is not helpful in terms of area inside the building, because the thickness of the 

insulated walls will be bigger than usual from the inside. This is what the TRCM agrees on in 

terms of numbers for the percentage of windows, the thickness if XPS, EPS, PUR, or MW is 

used as an insulating material in the walls. The first raw is about Insulation by inject 

technique, the second is external insulation, and the final one is the internal insulation – refer 

to Table 4 [6]. 

Table 4: Thickness Requirements for the insulating materials for the walls. 

 

 

 Percentage 

of Windows 

TGBV 

Thickness 

XPS, mm 

Thickness 

EPS, mm 

Thickness 

PUR, mm 

Thickness 

MW, mm 

 

Z4 

0-15% 50 50 40 50 

16-25% 50 50 40 50 

26-35% 50 50 40 50 

36-45% 50 50 50 60 

 

Z4 

0-15% 40 40 40 50 

16-25% 40 40 40 50 

26-35% 40 40 40 50 

36-45% 50 50 40 50 
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 2.4.3 Insulation in the Floor  

 

 The next insulation will be for the floor. The main goal is to maintain the temperature 

of the floor’s surface as close as possible to air, to optimize comfort, and the risk of having 

critical heat losses. Three typical techniques are used: reinforced concrete screeds and slabs 

in contact with the ground, floor with inferior insulation, and floor with intermediate 

insulation.  

Same as the previous parts of the insulated system, this is what the Moroccan norms proposes 

in terms of thickness in mm: 

Table 5:Thickness Requirements for the insulating materials for the floor. 

 Thickness XPS, 

mm 

Thickness EPS, 

mm 

Thickness PUR, 

mm 

Thickness MW, 

mm 

Z4 30 30 30 40 

 

 

 

 

 

Z4 

0-15% 50 50 40 50 

16-25% 50 50 40 50 

26-35% 50 50 40 50 

36-45% 50 50 50 60 
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 2.4.4 Insulation in Glass walls & windows 

 

 One of the simple ways to improve the thermal insulation of a house is through its 

glass walls or windows. There are four different types of thermal insulation techniques, for 

this strong factor of the house: a metal frame with Aluminum or steel, thermally broken 

profiles, wood frames, and PVC frames. Dependently on the material used, profiles can be 

judged according to the Coefficient of thermal transmission U. Another element that shouldn’t 

be neglected, before finishing on the windows’ thermal insulation study case, is glazing. 

Choosing the right glazing alternative can turn windows into great insulators in cold winters. 

Four options are, again, displayed: Simple glazing or Monolithic, Double glazing, Low-E 

glazing, solar protection glazing. The thermal performance of the latter will be decided on the 

material and the area the glass will have on the full window structure. The following table 6, 

explains using the coefficient of thermal transmission U, as the impact of choosing the right 

frame, which is in the upper row, with the glazing systems situated in the first column [6]. 

 

Table 6: Coefficient of thermal transmission U-value of the window, with the frames and glazing.  

Glass 70% U Metallic U=5.7 Metallic 

U=4 

Wood 

U=2.5 

PVC U=1.8 

Monolithic 4mm 5.7 5.7 5.2 4.7 4.5 

4-6-4 ( 4mm 

layer of  glass, 

6mm layer of  air, 

4mm layer of 

glass ) 

3.3 4 3.5 3.0 2.8 

4-12-4 2.9 3.7 3.2 2.7 2.5 
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4-6-4,low 

emissivity 

2.5 3.5 3.0 2.5 2.3 

4-12-4,low 

emissivity 

1.7 2.9 2.4 1.9 1.7 

 

2.5  Proposition of the insulating materials:  

 

  To properly make a proposition to the plan of the house, I contacted manufacturers and 

distributors of insulating materials, “Comarev”, based in Casablanca, presented Cellulose 

wadding, as their main product, famous for its strong thermal performance, in addition to the 

easy way of installation in the attics, walls, and floor through a mono-shaped layer of 

pneumatic-injected material. “Platinova”, proposed rock wool, being the lowest-cost option of 

them all, the thermal performance of rock wool is correct, but the density of the material is the 

problem since it is too big, engendering a bigger thickness in the walls, but the main point is 

the fact that it is highly non-flammable, has a great life-cycle, and resists to moisture and 

mold. “ISOA”, presented a similar mineral wool as rock wool, but with glass. The following 

table 7 summarizes the personal propositions and the advice from the Moroccan market 

distributors. The last, proposition is Polyurethane in a Foam form, having the best thermal 

conductivity in all the insulating materials, and easy to install, in walls and ceiling. For the 

windows, double-glazing is an absolute necessity and will be automatically considered as the 

best solution, since triple-glazing is much expensive. The scenarios formed in the simulation 

process will go around those four propositions.   
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Table 7: Insulating materials proposed for different part of the house. 

Material: Thermal 

conductivity 

Density 

(kg/m^3) 

Price -  

DH/m² 

Price of 

Installation  

DH/m² 

Advantages Disadvantages Average 

Life 

time 

Polyurethane 

Foam- walls, 

roof. 

0,022-0,028 

W/mK 

30-50 60-100 20-40 Low 

thickness, 

Great Thermal 

conductivity 

Flammable 26 years 

Cellulose 

Wadding – 

walls, roof, 

floor. 

0.039-0.055 30-50 75 30-50 Eco-friendly, 

not easily 

flammable, 

None Use as 

long as 

protected 

from 

humidity 

Rock Wool – 

walls, floor. 

0.034-0.05 

W/mK 

20-150 40-70 20-25 Inflammable, 

Good thermal 

conductivity. 

Necessesity of 

Adding a 

vapor-

protection 

Use as 

long as 

protected 

from 

humidity 

Glass Wool -  

walls, roof. 

0.034-0.05 

W/mK 

15-60 22 20-25 Good Acoustic 

insulation, 

Low price. 

Necessesity of 

Adding a 

vapor-

protection 

Use as 

long as 

protected 

from 

humidity 

 

2.6  Scenarios of the building envelop layers 

 

 Before starting the simulation, all the layers of the external, internal, roof, and floor 

should be displayed, accordingly to the four insulating materials chosen, PUR foam, Cellulose 

wadding, Rock wool, and Glass wool. For the original scenario, an evaluation of the thermal 

performance of the house components will be done without insulation to compare, with the 

four scenarios where insulation is present. Table 8 summarizes up the building component is 

inspired from the bright peer-reviewed paper by Said and Mustapha Hamdaoui, from the 

Thermal Lab in Tetouan, discussing on dynamic simulation of the thermal performances, 

using scenarios similar as ours for the external and internal walls [9]. For the Roof, Mortar, 
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Concrete, Bitumen as a water protection and clay tiles, are chosen, having a total thickness of 

25 cm. In the ground level, the floor consists of Stone, concrete, cement screed, and tiles from 

down to up, a total of 40cm is represented.  

Table 8 : Composition of the building components with no insulation 

Building 

components  

Material ( 

layers )  

Thickness ( cm 

)  

U-value ( 

W/m²K )  

R-value ( 

m²K/W )  

External Walls 

20cm  

Mortar 

Hollow brick ( 8 

holes )  

Cement plaster 

2 

16 

2 

1.12 0.89 

Internal walls 

16cm 

Mortar  

Hollow  brick ( 

8 holes )  

Cement Plaster 

2 

12 

2 

1.24 0.8 

Roof 25cm Mortar 

Concrete 

Bitumen 

Clay Tiles 

2 

20 

1 

2 

3.03 0.33 

Floor 40cm Stone  

Concrete  

Cement screed 

Tiles 

20 

12 

7 

1 

5.55 0.18 

 

 Starting with the first scenario, PUR foam is used as an insulation layer for the walls, 

roof, and also floor; Table 9, shows how the layers of the building components are distributed. 

Notice how the external walls have been changed to a dual-wall of bricks, also called 

“sandwich”, having  a hollow brick of 12 and 8 cm each, separated by a layer of PUR foam. 

According to the national report on construction related to insulating materials, PUR foam is 

projected in between the other four layers of the ground, composed, down to up, of Ceramic 
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tile, compressing layer of smooth concrete screed, PUR foam of at least 2 cm of thickness, 

mortar, and finally tiles. For the floor, we choose 5 cm of thickness in the PUR foam 

insulating the floor, and 5 cm for the roof, to respect the regulations of the RTCM in the zone 

of Ifrane [6]. 

 Table 9:  Composition of the building layers in Scenario 1, insulation using PUR foam. 

Building 

components  

Material ( layers )  Thickness ( 

cm )  

U-value ( 

W/m²K )  

R-value ( 

m²K/W )  

External Walls  

(30cm) 

Mortar 

Hollow brick 

PUR foam  

Air Gap 

Hollow brick 

Cement plaster 

2 

12 

5 

3 

6 

2 

0.32  

(0.88 without 

insulation )  

3.125 ( 1.13 

without 

insulation )  

Internal walls  Mortar  

Hollow  brick 

Cement Plaster 

2 

12 

2 

1.21 0.826 

Roof  

(38cm) 

Plaster 

Solid Slab 

Smoothing Screed 

( Mortar )   

PUR foam 

Smoothing Screed  

Bitumen 

Tiles  

5 

20 

3 

 

5 

2 

1 

2 

0.44 2.27 

Floor 40cm  Tiles 

Panels Mixed 

grade sand 

Mortar  

Smooth Concrete 

screed 

3 

6 

 

2 

5  

 

0.69 1.43 
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 Moving to our ecological option in the 

insulation scenarios, cellulose wadding is 

retrieved from environmental friendly 

materials such as paper. The advantage of the 

installation of cellulose wadding in the roof 

and walls is how easy the injection can be 

using a pneumatic machine, adding a small 

amount of water to make the insulation stick to 

the existing wall, in number 1, figure 1, and easily dry between the wood frames, in number 2, 

illustrating cellulose in number 3, closed by finishing products in 4, 5 and 6. 

As seen in Table 10, Cellulose Wadding is present between the layers of the all the building 

components of the house except for the internal walls which do not have to be insulated. 

Figure 2 shows how the possibility of insulating the attic of the house perfectly, by placing 

cellulose wading in a blow or pressure vacuum method, similar to the walls, under or between 

the wood frames.  

1: Bitumen or High vapor absorbent layer. 

2: Wood Frame            3: Cellulose Wadding 

4: Suspension wood member 

5: Wood Frame on the horizontal level of the roof                     

6:Water proof synthetic membrane  

 

 

 

PUR foam 

Paving 

Stone 

4 

10 

10 

Figure 1: Composition of walls using Cellulose 

wadding. 

Figure 2: Roof insulated with Cellulose Wadding 
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Table 10: Scenario using Cellulose Wadding  

  

  

 For our two final scenarios, Mineral wool, represented by Rock wool and Glass wool, 

is the insulation material in both the walls and the roof. For the ceiling, according to figure 3, 

Building 

components  

Material ( layers )  Thickness ( 

cm )  

U-value ( 

W/m²K )  

R-value ( 

m²K/W )  

External Walls  

(26cm) 

Mortar 

Hollow brick 

Polypropylene-Synthetic 

Waterproof Membrane. 

Oriented-light wood panels.  

Cellulose Wadding 

Fiber Wood panels 

2 

12 

1 

 

3 

5 

3 

0.41 (0.84) 2.43 

Internal walls  Mortar  

Hollow  brick 

Cement Plaster 

2 

12 

2 

1.21 0.82 

Roof  

40cm 

Plaster 

Solid Slab 

Wood Panels  

Cellulose Wadding 

Wood Panels 

Bitumen – Humidity barrier 

Smoothing Concrete Screed  

Tiles 

5 

12 

5 

5 

5 

1 

5 

2 

0.38 2.63 

Floor  

(40cm) 

Ceramic Tile  

Mortar 

Smooth concrete screed 

Cellulose Wadding 

Wood panels 

Paving 

Stone 

2 

2 

7 

4 

5 

10 

10 

0.59 1.69 
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panels of semi-rigid mineral wool of thermal conductivity 0.034 W/m.K are in the middle of 

eight layers, between two strakes wood and a bituminous waterproof membrane. Mineral 

wool if not protected from moisture and vapor condensation, can get worn by time; this is why 

a vapor barrier is also one of the layers in the roof.  

 1: Tongued structure  

 2: Vapor Barrier 

 3: Strakes Wood 

 4: Mineral wool insulation 

                                                                                                             5: Bituminous-waterproof membrane  

 6 & 7: Strakes Wood 

 8: Tiles.   

 

  

 For the walls, an external insulation type is the key to properly use rock and glass 

wool. Figure 4 displays efficiently how the different layers, going from the outside to the 

inside of the house, a first layer of hollow bricks are present, followed by an adhesive mortar 

to get the panels of mineral wool well compressed to the foundation of the wall, the 

completion of the fixing of the mineral wool insulation is by adding mechanical fastening 

anchor equal in thickness to the insulation layer; we finish by adding a reinforcing armature 

having in between it and the insulation a basic recovery material, in addition to a finishing and 

printing product for aesthetic purposes.  

 

 

 

 

 

Figure 3: Description of Inclined roof insulated 

using Mineral wool. 
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 1: Hollow Brick Wall 

 2: Adhesive mortar 

                                                                                       3: Mineral wool  

 4: Fastening anchor 

 5: Basic recovery 

           6: reinforcing armature 

 7: Print product 

 8: Finishing 

 

 The following tables 11 and 12, describe what the layers of the building envelop 

components can look like in the third and fourth scenario. Respectively, rock wool and glass 

wool are similar in their installation as PUR foam since the insulation material will be put 

between two brick walls as explained above. No change in the thickness of the insulation on 

the floor can be made; since norms and standards already been settled by the Ministry of 

energy on the guide for the new thermal regulation, and according to Table 5, above, 4 cm is 

the accepted value for rock and glass wool on the floor.  

Table 11: Composition of the building layers in Scenario 3, insulation using Rock wool 

Building 

components  

Material ( layers )  Thickness ( 

cm )  

U-value ( 

W/m²K )  

R-value ( 

m²K/W )  

External Walls  

(26cm) 

Hollow brick 

Mortar 

Waterproof 

Membrane. 

Rock Wool 

Oriented-light wood 

panels.  

12 

2 

2 

 

5 

3 

 

0.46 ( 0.93 

without 

insulation )  

2.17 

Figure 4: Description of the wall external insulation 

layers using Mineral Wool 
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Mortar Plaster 3 

Internal walls  Mortar  

Hollow  brick 

Cement Plaster 

2 

12 

2 

1.18 0.84 

Roof  Solid Slab 

Vapor barrier 

synthetic. 

Wood Panels 

Rock Wool 

Bitumen 

Strakes wood  

Tiles 

12 

1 

 

7 

6 

2 

7 

1 

0.32 3.125 

Floor  Ceramic Tile  

Mortar 

Smooth concrete 

screed 

Rock Wool 

Wood panels 

Paving 

Stone 

2 

2 

7 

 

4 

4 

10 

10 

0.62 1.61 

Table 12: Composition of the building layers in Scenario 4, insulation using Glass wool 

Building 

components  

Material ( layers )  Thickness ( 

cm )  

U-value ( 

W/m²K )  

R-value ( 

m²K/W )  

External Walls  

24cm 

Hollow brick 

Mortar 

Waterproof 

Membrane. 

Rock Wool 

Oriented-light 

wood panels.  

Mortar Plaster 

12 

2 

2 

 

5 

3 

 

3 

0.43 ( 0.93 ) 2.32 ( 1.07 )  
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Internal walls  Mortar  

Hollow  brick 

Cement Plaster 

2 

12 

2 

1.18 0.84 

Roof  Solid Slab 

Vapor barrier 

synthetic. 

Wood Panels 

Glass Wool 

Bitumen 

Strakes wood  

Tiles 

12 

1 

 

7 

6 

2 

7 

1 

0.3 3.3 

Floor  Ceramic Tile  

Mortar 

Smooth concrete 

screed 

Glass Wool 

Wood panels 

Paving 

Stone 

2 

2 

7 

 

4 

4 

10 

10 

0.58 1.72 
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3. Theoretical analysis and Simulation using “BINAYATE” 

 

On its way to enhancing building’s energy efficiency, and thermal performance, the 

ministry of energy of Morocco decided to collaborate with Spanish software developers Cype, 

to create Binayate, an open Building Information Modeling software application compatible 

with most known tools extensions like AutoCad, TRNSYS, and many others [10]. The steps 

related to the analysis of our renovated house, using Binayate, are as follow: 

 Binayate “Prescriptive”: After calculating the overall rate of the glazed 

surfaces of the building, according to the thermal regulation of Morocco, a 

maximum thermal transmittance U-value for every building envelop 

components should be  respected to make the project conform to the new legal 

norms.   

 Binayate 3D: Implementation of the plans in the 3D Modeling part of the 

application, in order to create all the necessary construction elements, for 

instance: Windows, external and internal walls, roof, ground floor and 

intermediate floor, and finally windows.   

 Binayate “Performancielle”: Exporting the IFC or 3D modeling extension of 

the file to the application, on which the input is our insulation scenarios and 

other parameters, for instance, the type of glazing in the windows, the thermal 

bridges between the components of the house, and heating/cooling systems in 

the house. The goal is to generate three reports, one on the Thermal energy 

need, the other two on thermal capacity and energy consumption of the systems 

used. 
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3.1  Plans of the house  

 

 In order to start the evaluation of the thermal performance of the house, using each of 

the four scenarios, a theoretical analysis of the plans and the orientation can make the analysis 

easier to comprehend. Attached in Appendix A, the plans of the house generated through 

Binayate, the house is composed of a basement, a first floor, and an inclined roof with roof 

windows. Actually, only the basement is constructed, which means that the upper part of the 

house is the renovation input of the construction plan.  

For our calculations, the area of 136.6 m² is taken in consideration for the final thermal energy 

need calculations, since the first floor has an area of about 76m² and the second floor of 60.6 

m². For the basement, two rooms are defined; the entrance from the south gives on room 2 and 

its bathroom. The first floor has its entrance from 

the north façade, having rooms giving on the 

lower level, through windows. Notice in figure 5, 

how a 1.5m x 1.5m square made of internal walls 

is situated in the north west façade, the purpose of 

that construction is to leave space for a Sun 

Tunnel. Discovered as a new design in the late 80’s for home construction, sun tunnels can 

provide daylight into rooms of the house where natural light can’t access. Figure 6 gives an 

idea on the design of recent Sun tunnels, normally placed on an inclined roof, it has a glass 

dome that gains light when exposed to the sun, the lights is reflected through a metal tube, to 

finally reach a glass situated inside of the house, just like a regular pot light. The Hall in the 

basement of the project will benefit from a natural daylight through the sun tub or sun tunnel, 

as defined in the plan [11].    

 

Figure 5: First Floor’s Sun tunnel 
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 In the level above, as seen 

in the appendix A-3, there’s an 

inclined ceiling respecting a slope 

of 17% elevating from the north 

façade, means that the height of 

the roof will elevate 17m for 

every 100m of the span, just like illustrated in figure 7. The norm to let the snow move clearly 

from the roof is a minimum of 17%, allowing the protection of the ceiling from the humidity 

of the water/snow. According to the following equation, a slope is equal to the ratio of the 

height over the horizontal distance of the house surface times a 100,  

  

   Slope = 100 * (Rise/ Span)              (7) 

  Angle (Rad) = Tan-1 ( Rise/ Span )             (8) 

            Angle in Degrees = 180 * [Angle (Rad)/п] (9) 

 

From (7), we can calculate the rise, from a 30% slope, and a span of 12.4 m, gives a rise of 

2.1m. From (8) and (9), the angle given is 10°, and the length of the inclined façade of the 

roof is of 12.5m.   

3.2  3D-Model of the House 

  

 From the sketches of the 

plan, and using Binayate 3D 

software tool, a 3D model of the 

house was established. The software 

Figure 6: Design of Sun tunnel 

ɵ 

Rise  

Span 

Figure 7: 3D extrinsic view of the Northern façade of the renovated house. 
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allows the orientation of the building to the desired angle, introduce all the building 

components, their lengths, wideness, and heights. The goal is be able to import the 3D Model 

to the other software part to evaluate without any anomalies in our building envelop. Figure 7 

shows an extrinsic view of the final 3D model, where the sun tunnel is clearly seen, thickness 

for the wall is considered 20cm, mostly the façade shown is the one with biggest solar 

radiation gain since its location is strategic with the sun’s radiation transmittance.  

Figure 8 gives an idea on the southern façade of the house, from an extrinsic view again, 

where the yard is standing under a glass standard plastic framed roof. Both the figures are 

displaying how the design of the house helps in achieving solar radiation gain.

 

Figure 8: 3D extrinsic view of the southern façade of the renovated house. 

 

3.3 Input Parameters for the performance simulation 

 

Before generating the results of the energy and thermal simulation of the house model, 

input parameters were entered in the software tool Binayate “Performancielle” for real-life 

scale calculations, first the linear thermal bridge heat transfer coefficient, the coefficient of 

thermal transmission in the wall and roof windows, and doors.  
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 3.3.1 Thermal Bridges in the model house 

 

Thermal bridges are defined as the area in a building component where heat can flow 

to the outside easily. By finding the path with least resistance to heat, thermal bridging can be 

ignored in new construction, but not in the process of thermal rehabilitation of a house like 

our project. Originally, the equation (3) should be written as follow:  

         𝐔 =
𝟏

𝐑"
=  

𝟏

𝐑
+

∑(Ѱ∗𝓵)

𝐑
  (10)  

Where, the original equation of thermal 

transmittance is extended, to include, Ѱ the 

linear thermal bridge heat transfer 

coefficient in W/mK, and 𝓵 its length in 

meters. Ѱ can be assumed negligible when 

its value is less than 0.01W/mK, such 

method is called a thermal bridge free 

design. In our case, thermal bridges will be 

included in the first scenario, representing 

the real-life model, where the house is not 

insulated and in some areas where they 

can’t be ignored like, fixed door and 

windows frames. In the other scenarios, 

thermal bridges losses are negligible, since 

Figure 10: Thermal Bridge in Roof and Internal wall 

Figure 9: Thermal Bridge in Door and internal wall 
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most insulation thickness guarantees a thermal resistance making heat stay in the inside [12]. 

The following figures 9, 10, 11, and 12, are pictures of thermal bridges identified in the house 

using an infrared light thermal camera. Figure 9, shows a difference of temperature of 4.1°C 

between the door and the 

internal wall where the door is 

fixed to.   

Figure 10 shows a thermal 

bridge between the roof beam 

and the adjacent wall, proof that 

non insulation is creating a 

difference in thermal resistance, 

thus in heat flux. Roof’s 

temperature is 17.7°C while the 

wall has 13.5°C. Such cases can 

result rapidly to condensation 

and moisture problems with 

time. Figure 11 shows the same 

problem as before; thermal 

bridging is detected inside of the 

ceiling, due to the damage of the 

building’s layer, creating heat 

and air leakage. Figure 12, shows a 

thermal bridge of a difference of 6.1°C between the roof and the external wall.   

Figure 11: Thermal Bridge in External Wall 

Figure 12: Second Thermal Bridge in the roof 
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To minimize the heat loss calculations and get the best value of the other parameters 

calculated through the software,  a catalogue is presented in Binayate, where the Psi-Value of 

the thermal bridges are already given, following the ISO 14683, which is the international 

norms followed in thermal rehabilitation or building renovation. Table 13 summarizes the 

thermal bridges detected, and gives their Psi-value accordingly to their type and location in 

the house.  

 

   3.3.2 Windows & doors 

 

For the windows, through the renovation,  we 

assume double glazing, and PVC frame, is added 

making the U-value go from 5.09 W/m²K in the wood 

single glazed window to 2.71 W/m²K, with a 15% of 

total the window surface is given to the PVC frame. For 

the doors, wood doors already in the possession of the 

house inhabitant can be considered having a 2.2W/m²K 

as its thermal transmittance value. Such input 

parameters do have an effect in the results obtained 

through heat losses, thermal capacity, energy need for 

heating and cooling, etc… 

 3.3.3 HVAC parameters 

 

Some HVAC parameters related to the building are necessary for our calculations. Air 

rate change depends on how well the house is ventilated. Essentially through opening 

windows, we take air rate change as equal to 0.63v/h (Volume/hours). Assuming that the 

Thermal Bridge 

Type:  

Ѱ-Value 

(W/m.K) 

Angle between Two 

walls ( like in  Fig 

12 )  

0.100 

Wood Door frame 0.150 

Roof air leakage 0.400 

Wood Windows 

frame 

0.150 

Roof-Beam thermal 

bridge 

0.100 

Table 13: Thermal Bridges and their Psi-Value 
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quantity of air is changed by a percentage of 63% in every room, in order to find the air rate 

change in a particular room, we multiply the coefficient by the volume to get the air rate in the 

unit of h-1. In terms of heating system, the family relies on a wood heater working with 4 to 6 

tons of wood a year. Again, assuming an efficiency of 1.5 on a scale of 10, this helps calculate 

the energy consumption in the wood heater to satisfy the required internal temperature in 

winter; a range from 15°C to 25°C is allowed as a reference, the assumption in the study case 

works by choosing the lower limit range, 18°C.  

 

3.4 Results of Simulation 

 

 After establishing the input parameters as described before, the results are analyzed in 

two parts, the first one is related to what the software tool Binayate generated as a report in 

terms of comparison in terms of thermo-physical properties proposed by the new thermal 

regulation and the ones created through the scenarios. The second part involves results in 

terms of thermal capacity, thermal energy need, and energy consumption of the heat system.  

 

 3.4.1 “Prescriptive” Analysis 

 

Through Binayate “Prescriptive”, the ratio of glazed surfaces establishes the range of 

the maximum U-value allowed, or minimum R-value in case of the floor, by the Thermal 

Moroccan regulation, accordingly to the climate data of the city of Ifrane, in Zone 4, and 

compares it to the U-value of the layers presented in table 8, 9, 10, 11, 12 – Scenario 1 to 5.  

The ratio of glazed surfaces is equal to the following:  

𝑅𝐺𝑆 =  
∑ 𝑆𝑢𝑟𝑓𝑎𝑐𝑒 𝑜𝑓 𝑤𝑖𝑛𝑑𝑜𝑤𝑠 

∑ 𝑁𝑒𝑡 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑜𝑓 𝐸𝑥𝑡𝑒𝑟𝑛𝑎𝑙 𝑊𝑎𝑙𝑙𝑠
  ( 11 ) 
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 The results found are, RGS of the model house is equal to 7%, meaning that the 

house is contained within the first range of Zone 4 region, between 0-15% of the ratio of 

glazed surfaces. Table 14, shown below, shows the comparison between the norms and the 

results of the U-value of each scenario.  

 

Table 14: Prescriptive Values for R and U value of Building Components 

  Scenario 0  

( No 

insulation) 

Scenario1 

( PUR ) 

Scenario2 

(Cellulose 

Wadding) 

Scenario3 

(Rock 

Wool ) 

Scenario4 

(Glass 

Wool) 

Reference 

Value ( 

TRCM) 

U- Value of 

Roof 

(W/m²K) 

3.03 0.44 0.38 0.32 0.3 0.55 

R-Value of 

Floor 

(m²K/W)  

0.18 1.43 1.69 1.61 1.72 1.25 

U-Value of 

Windows 

(W/m²K) 

4.75 2.71 2.71 2.71 2.71 3.3 

U- Value of 

External 

Walls 

(W/m²K) 

1.12 0.39 0.38 0.46 0.43 0.6 
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From the data collected, the remark is that all the scenarios implemented do respect the 

norms of the new thermal regulation, since none of the U-values is higher than the U-value 

given, and none of the R-values of the floor is lower than the safe value; except for the non-

insulated scenario, labeled “0”. Evaluating by comparison, we see the best values; are for the 

Glass Wool insulation, illustrated in scenario 4, in terms of roof, and floor, however 

Cellulose Wadding is the best choice for external walls insulation, illustrated in scenario 2. 

 

3.4.2 Thermal Performance & analysis 

 

The results of the report generates the thermal energy need of the house THNtotal, 

which represents the sum of the energy need for heating QH,nd, and the energy need for 

cooling QC,nd. The results are explained step by step, from Heat loss, gain, energy need for 

heating and cooling, to finally the thermal need, and the values of the best scenario(s). The 

cooling periods are represented in the figures in the months of June, July, August, and 

September, while the heating is logically for the remaining months. We also set up the internal 

temperature desired, int, as 18°C for winter, and 26°C for the summer.  

 Heat Loss Through Building’s Components:  Represented as QH,tr & 

QC,tr , respectively for heating, and cooling, in kWh. Figure 13, shows the values generated for 

each scenario. Knowing that: 

Q(C or H),tr = HLoss · (int,(C or H ) - e) · time  (12), 

Where, HLoss is the coefficient of heat loss, in W/K, presented in Table 14, as:  

HLoss = [iAi · Ui + klk · k] (13). 
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Notice the 2nd scenario, in 

Table 15, insulation using 

Cellulose wadding, has the 

lowest heat loss coefficient 

through the external walls and 

the floor, with 72.87W/K for 

the walls, and 10.7 W/K for 

the floor; the walls’ section of the 

 

 
Scenario 4 - 

GW 
Scenario 3 - 

RW 
Scenario 2 - 

CW 
Scenario 1 - 

PUR 
Scenario 0 - 

No in. 

Coefficient of 
External Heat Loss 

( W/K) 

External Walls  82,23 87,93 72,87 75,51 218,22 

Roof 18,69-18,29 19,35-18,93 23,65-23,01 26,14-25,36 
181,23-
149,51 

Doors  8,01 8,01 8,01 8,01 8,01 

Windows  6,36 6,36 6,36 6,36 11,4 

Yard Roof  20,49 20,49 20,49 20,49 37,2 

Sun Tunnel  4.63 4.63 4.63 4.63 9,46 

Thermal Bridges 0 (Negligible) 0 0 0 2,43 

Coef. Floor H.L Floor  10,84 11,02 10,7 11,8 56,91 

Total in W/K  ( Cooling ) 150,51 157,86 146,58 152,59 493,14 

Total in W/K  ( Heating ) 150,91 158,29 147,21 153,37 523,86 

Figure 13: Heat Loss in building's component 

Figure 14: Heat loss through Air renewal 

Table 15: Heat loss coefficient in building's components 
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house represents 56.8% of its total heat loss at best with Cellulose wadding scenario. Glass 

Wool, scenario 4, defines the lowest heat loss value through the roof, and also has the lower 

losses overall. With insulation using Glass wool, a reduction by 3.7 times occurs to the heat 

losses coefficient of the original construction. Using Double-glazing and PVC frames for the 

windows reduced the heat loss coefficient by half approximately.  

 Heat Loss by Air renewal: Air circulation allows heat to move out of 

the house, it is defined as follow:  

   Q(C or H),ar = Har· (int,(C or H ) - e) · time (14) 

Har is the heat loss coefficient through air change; it is constant in both cooling and heating, 

and is independent from any thermo-physical properties of the insulation system, therefore 

there’s no control over this type of heat loss. Figure 14, shows the results of heat loss 

obtained.  

 Internal Heat Gain: Any source of heat except from HVAC 

components can emit internal heat, the software estimated the value of QH/C,internal 

approximately 580kWh per month. Since it is a constant, the same calculations are used for 

cooling and heating.  

 Solar Heat Gain: Through solar radiations, both glazed surfaces, and 

opaque elements do receive and store heat. The solar heat gain Qs (kWh) is expressed as, 


n

snj

j

sjs AIQ

 (15)
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where Isj is the radiation on the element s, from an angle j, coming onto the receiving area A, 

of the type n – window, wall or roof. Figure 15 shows the difference between the solar gain in 

glazed surfaces with and without insulation. We can notice a slight difference, increasing 

during cooling period – since more sun radiations can be in contact with the house. The graph 

shows that the change to double glazing is not so critical, but can still improve the 

thermal/energy performance of the building.  

 

Secondly, if the Area evaluated is the one of an opaque element like a wall, we plot a different 

graph since,                                   As = s · Rext · U · A  (16) 

s represents the coefficient of the opaque surfaces in absorption due to solar radiations; Rext is 

Figure 15: Solar Gain in glazed surfaces 

Figure 16: Solar Gain in Opaque surfaces (kWh) 
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the external surface thermal resistance, U-value and the area of the opaque element. 

According to figure 16, the results of the five scenarios in solar gain are shown. We see that 

the scenario with no insulation is the one having the highest solar gain through its walls, roof, 

and sun tunnel. The latter phenomena is due to over-insulating the walls, since the U-value of 

the scenario 4, 3, 2, and 1 is higher, than the one with no insulation, the walls are not 

permitting solar heat to get in, it becomes lost by reaching the insulation layer with a high 

thermal conductivity.  

 

 Use Factor of Heat Gain/Loss: Related to the thermal balance of the 

building, ȠH,gn, is found through the ratio , and a parameter aH/C dependent on the thermal 

inertia and thermal capacity of the building. The use factor decides how much of the actual 

gained or lost heat will be accessed by the specific thermal capacity, C, which is the heat stored 

in the structure of the house within a certain period of time . The following equations 

describes the Use Factor calculations:                                                        
GainedH

C
  (17) , 

 mk KcC  (18) ,              
Lost

Gained

Q

Q  
 (19)        

  1

   1
)1(/

/

/










HC

HC

a

a

HC



  (20)                                  

According to figure 17, on specific thermal capacity C, Glass Wool is the favorable in heat 

storage vis-à-vis a variable weather, similar to Ifrane, where the temperature is considerably 

changing periodically. 

Figure 17: Specific Thermal Capacity for Scenarios in KJ/K 
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 Heating/Cooling Energy Need: By summing the heat losses (air 

renewal, Heat loss through building envelop), and the heat gains ( Internal Heat, Solar gain), 

separately, for both the cooling and the heating, we get to calculate the total energy need of 

the building in kWh, and the thermal need in general in [kWh/m²*year] if we divide by the 

area of the floors which is 136m².  

Energy needed for heating,   NHeating= (QH,tr + QH,ar) - 
H (QH,Internal + QH,S)     (21). 

Energy needed for cooling,  NCooling= (QC,Internal + QC,S) - C ( QC,tr + QC,ar )     (22). 

Total Thermal Need,            THN = (NHeating + NCooling)/Area of the floors    (23).  

 

Figure 18 and 19, 

displays the energy 

need for heating, 

and cooling, for 

every scenario. We 

Figure 18: Cooling Energy Need in kWh 

Figure 19: Heating Energy Need in kWh 
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notice in Figure 18, in terms of CW, RW, and GW, their heating energy need is very close to 

each other, and approaches zero on April, May, and October, logically since heating is not 

needed critically at that time of the year. There’s a big difference in NHeating present between 

scenarios, especially when there’s a significant change in temperature between the internal 

and external environment (January and December), for instance from the non-insulated 

scenario to the Glass Wool’s, there’s a difference of approximately 2800kWh.  

For the Cooling Energy need in Figure 19, despite the scenario of Glass Wool only slightly 

exceeding 2000kWh, in order to fulfill the cooling energy demand of the house for each 

month, the values found are still considered high, since the total sum value found for a year, in 

terms of, energy needed for cooling, NCooling is 7033,54 kWh/year. In figure 20, the final 

assessment of Thermal Need, which defines how much energy is needed to satisfy both 

cooling and heating thermal comfort, in kWh/m².year, is given.  

 

Obviously, the two scenarios with the lowest THN are Cellulose Wadding, and Glass Wool, 

having respectively, 67.01 kWh/m².year and 67.09 kWh/m².year. Comparing scenario 2, 

cellulose wadding, with non-insulated scenario, we find a reduction of, 

  ∆THNCW-No.Ins = 107.59 kWh/m².year 

 Energy savings: The percentage of energy saved is shown by 

dividing the yearly energy need benefits from the insulated scenarios over the non-insulated 

Figure 20: Thermal Need in kWh/m².year 
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energy need in kWh/year. Table 16 summarizes the energy profitability of using insulation. 

Table 16: Percentage Energy savings 

    
energy need cooling & 
heating ( kWh/Year )  

Energy Need 
in Scn. 0  

Energy saved in 
Scenario n (kWh/year) 

% Energy 
savings   

Scenario 1 : 
PUR foam 11475 

23850 
kWh/year 

12375 52% 

Scenario 2 : 
Cellulose W. 9153 14697 62% 

Scenario 3 : 
Rock Wool 9301,1 14548,9 61% 

Scenario 4 : 
Glass Wool 9160 14690 62% 

 

We notice a saving of at least 50% in energy need for every scenario, proving how efficient 

insulation is. PUR foam has the lowest energy saving, while cellulose wadding and glass 

wool are logically the best options.  
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4. Economical Study & Environmental Impact 

 

4.1 Estimated cost of Insulation Scenarios 

 

 After gathering information on the real price of the insulation proposed, its 

installation, and transport, enough information is gathered, in Table 17, for calculating the 

cost of all the insulation scenarios. The total cost of the scenario is the sum of the cost for 

insulating the building envelope, the installation of the materials, its transportation, and finally 

adding the glazed windows.  

Table 17: Estimated Cost of Insulation scenarios in MAD 

 

  ∑Cost of area To be Insulated( MAD ) 
  

Insulation ( 

MAD/m² )  

Installation(

MAD/m²) 

Tran

sport

ation 

Cost_Floor

=  

(125.81m²) 
* Total 

Price Ins. 

 
 

 

Cost_

Roof= 

(58.39
m²)* 

Total 

Price 
Ins. 

 

Cost_E

xt.W= 

(191m²) 
* Total 

Price 

Ins. 
 

 

 

Glazing 

Windows 

(4-6-4) = 

2.4m²*15
00 = 

3600,00 

 

 

 

Total ( 

MAD ) 

Scenario 1 : 

PUR foam 60 20 

3000

DH/T
ruck 

33616,00 

Scenario 2 : 

Cellulose W. 75 30 
43052,70 

Scenario 3 : 

Rock Wool 40 20 
26112,00 

Scenario 4 : 

Glass Wool 22 20 
19358,40 

 

 The lowest price is for Glass Wool = 19358.40 MAD, including glazing, insulation in 

the floor, external walls, and roof.  

  

4.2 Cost of energy in the model house 

 

Like typical residential buildings in the region of Ifrane, the model house relies on 

wood burning as a way to heat. If we assume, accordingly to scenario 0, the house is 
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renovated without insulation, giving a Thermal Energy need of 174,6kWh/m².year. 

Multiplying by the area, we get an energy consumption of 23850kWh/year, since wood has an 

energy value of 4.4kWh/kg, in addition to 1 ton of wood being equal to 1600MAD, the total 

energy cost is [13],   

Total thermal need cost yearly= (23850kWh/year)/( 4.4kWh/kgwood)= 5.42tons of 

 wood/year. 

5.42 tons of wood/year * 1600MAD/ton wood= 8672 MAD/year 

  

4.3 Yearly Energy Cost and benefits of the insulation scenario 

With the help of the thermal performance analysis, the cost benefits through energy 

reduction can be found, as shown in table 18, by subtracting the thermal need for each 

scenario from the original, and convert it to MAD, by multiplying 0.36MAD/kgwood – by 

dividing the price of wood per ton over the energy value.  

Table 18: Cost of Energy need, and benefits for scenario 1,2,3 and 4. 

    
Energy need in H. & 

C. ( kWh/Year )  
Energy need cost 

in MAD/year 
Energy Need 

in Scn. 0  
Energy Cost Benefits 

in MAD/year 

Scenario 1 : 
PUR foam 11475 4131 

23850 
kWh/year 

4541,01 

Scenario 2 : 
Cellulose W. 9153 3295,08 5467,27 

Scenario 3 : 
Rock Wool 9301,1 3348,7 5323.60 

Scenario 4 : 
Glass Wool 9160 3297.6 5375.4 

 

Here, we notice there’s only little difference between the yearly cost benefits of 

scenario 2,3, and 4, but a benefit of at least 4500 MAD is made yearly just by insulating the 

house with any of the propositions. 
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4.4 Payback Period  

 

 The payback period decides on how long should the owner of the house wait before he 

see the recovery of his profit. The payback period can be calculated as follow,  

PP = Cost of Insulation/ Energy Cost benefits yearly (24) 

Table 19: Payback Period of the scenarios 

 

Table 19 displays the results of the payback period, making Mineral Wool the fastest option 

for profitability, especially Glass Wool, which shows a PP of 4.31 years. 

 

4.5  Environmental Impact of proposed materials 

 

 Finally, we evaluate the carbon foot 

print, which is the amount of carbon 

emitted during the manufacturing of the 

material, for the four scenarios; we compare 

their values in terms of kg equivalent of 

CO2 per kg of the material proposed [14]. 

According to Figure 21, we see that PUR has the highest carbon foot print since the material 

  

Total 
Investment ( 

MAD) 

Energy Cost Benefits 
(MAD/year) 

Payback Period (Years)  

Scenario 1 : PUR foam 33616 5331,018 6,31 

Scenario 2 : Cellulose 
W. 

43052,7 
5281,287 8,15 

Scenario 3 : Rock 
Wool 

26112 
5334,81 4,89 

Scenario 4 : Glass 
Wool 

19358,4 
4491,85 4,31 

Figure 21: Carbon Foot print per mass of materials proposed 
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is made from a polymer derived from carbon dioxide. For Mineral wool and cellulose 

wadding, although their manufacturing is natural compared to PUR, the additive used for 

treating rot, and termites can be chemical and dangerous for the environment. Therefore, PUR 

is the material with the highest impact on the environment, while the others are considered 

somehow safe.  
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5. Conclusion, limitations, and future work 

 

The aim of this study was to evaluate the thermal performance of a model house in 

Zaouiat Sidi Abdesallam, and see if the building will respect, after its thermal rehabilitation, 

the norms of the new thermal construction regulations set by the Moroccan government. By 

gathering the necessary data on the minimum thickness allowed, the U and R values permitted 

in the building envelop, and the type of insulation construction layers matching the plans of 

the actual house, a search for the materials available in the Moroccan Market was conducted. 

After reaching out to different manufacturers based on Casablanca, ISOA, Platinova, and 

Comarev, four materials were chosen, for evaluating the energy need, Polyurethane foam, 

Cellulose wadding, Rock wool, and Glass wool. The scenarios were set by layers, formed in 

the external walls, internal walls, roof, floor, and glazing of windows.  

Using Binayate software tool, the house was modeled in 3D and 2D (CAD drawing), 

where some construction details like the sun tunnel, the yard, the orientation of the building’s 

facades, were entered. A theoretical analysis was also established, where thermal bridges 

which counts like heat loss locations were searched for, illustrated using a thermal camera, 

and generated in the report. The ratio of glazing surfaces had also an importance in the 

theoretical analysis, since it determines the range of the thermo-physical properties set by the 

regulations. The results of our scenario were positive, and were all greatly conform to the 

regulation norms. For the solar heat gain, we noticed how the double-glazed surfaces showed 

a slightly but positive difference in comparison to the mono-glazed case. The gain from the 

sun to the opaque surfaces is slowed down by insulation, because of a small thermal 

conductivity, the thermal effusivity stops solar radiations from being stocked into the house, 

meaning, that the insulation chosen is good, but by choosing a material with lower thermal 

conductivity we will increase our solar gain. By using insulation, we noticed how great the 



49 

improvements were on both NHeating/Cooling, in April and Octobre, the temperature is 

considered perfect for the house, and just by our passive system, the energy need came equal 

to approximately zero.  Represented last, the total thermal energy saved is also generated, 

reaching at least 50% of energy saved by using any of the insulation proposed, putting Glass 

& rock wool, and Cellulose wadding as the best insulator in terms of performance. 

 Additionally, the economical study confirmed the decision to evaluate Glass 

Wool as the best material in terms of cost, through calculating the cost of the insulation, 

transportation, the area to be insulated, and the installation. Glass Wool is considered the best 

quality/price scenario, even though cellulose wadding is slightly better in terms of thermal 

performance. The problem in Cellulose wadding is how expensive the initial investment is, 

being 43052 MAD just for the insulation. This is why in terms of payback, Glass wool’s 

scenario resulted in a 4.3 years which is extensively less than cellulose wadding, showing 

profit too late in 8 years.  

 Studies using dynamic thermal simulation software tools can always be improved by 

introducing different material layers, aggregate mixed materials with super low-thermal 

conductivity like Light weight concrete [15], and many other input parameters to improve the 

energy efficiency of the house. More research should be encouraged in the thermal auditing 

field, especially since Morocco is going towards the green objective of mitigating green house 

gases emissions. Last but not least, adding an acoustic analysis can make the study more 

complete. Acoustics can be important if neighbors are around, good thermal and acoustic 

insulators able to do both are greatly available in the Moroccan market.    

 To conclude, insulation is one of the best ways- if it isn’t the most effective, to reduce 

energy used in heating and cooling during the year. With technology and computer science 

advancements, thermal audits are able to generate accurate reports capable of showing a lot of 

problems in construction projects way before taking a risk. Binayate, used in this research, is a 
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first step for Morocco, and the ministry of energy, in educating thermal insulation within our 

construction principles.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



51 

6. References 

 

[1]    Agence national pour le developpement des energies renouvelables et de 

l'efficacitéenergetique, Reglement thermique de construction au Maroc. pp. 1–52. 

[2]    Le Matin, “Mort par asphyxie de quatre membres d'une même famille à 

Ifrane,” Le Matin, 13-Dec-2016. [Online]. Available: 

https://lematin.ma/journal/2016/mort-par-asphyxie-de-quatre-membres-d-une-meme-

famille-a-ifrane/259825.html. 

[3]    C. Gonzalez, “What's the Difference Between Conduction, Convection, and 

Radiation?,” Machine Design, 07-Aug-2017. [Online]. Available: 

https://www.machinedesign.com/whats-difference-between/what-s-difference-

between-conduction-convection-and-radiation.  

[4]    “BUILDINGS AND HEAT TRANSFER,” THERMOPEDIA™. [Online]. 

Available: http://www.thermopedia.com/content/603/.  

 [5]    “Radiation Heat Transfer,” Young's Modulus of Elasticity for Metals and 

Alloys. [Online]. Available: https://www.engineeringtoolbox.com/radiation-heat-

transfer-d_431.html. 

[6]    Agence national pour le developpement des energies renouvlables et de 

l'efficacité energetique., Guide de construction technique au Maroc. pp. 1–114. 

[7]    “Insulation materials and their thermal properties,” Greenspec. [Online]. 

Available: http://www.greenspec.co.uk/building-design/insulation-materials-thermal-

properties. 

[8]    M. A. Morgan, “Acoustic impedance | Radiology Reference 

Article,” Radiopaedia.org. [Online]. Available: 

https://radiopaedia.org/articles/acoustic-impedance. 

https://radiopaedia.org/articles/acoustic-impedance


52 

[9]    S. Hamdaoui, M. Mahdaoui, R. E. Alaiji, A. Allouhi, A. A. Msaad, and A. E. 

Bouardi, “Dynamic Simulations of Thermal Performance of a Building using Various 

Construction Scenarios in Morocco,” 2017 International Renewable and Sustainable 

Energy Conference (IRSEC), 2017. 10.1109/irsec.2017.8477341 

[10]    M. K. Gautier, “Maroc : La 1ère réglementation thermique avec application 

open BIM - Construction21,” construction21.org, 11-May-2016. [Online]. Available: 

https://www.construction21.org/france/articles/fr/maroc--la-1ere-reglementation-

thermique-avec-application-open-bim.html. [Accessed: 19-Apr-2019] 

[11]    Slowhome. (2011, May 24). “How Sun Tunnels Work” Retrieved from  

                   https://www.youtube.com/watch?v=bLke6d_C7mg 

[12]    L. Dumitrescu, I. Baran, and R. A. Pescaru, “The Influence of Thermal Bridges 

in the Process of Buildings Thermal Rehabilitation,” Procedia Engineering, vol. 181, 

pp. 682–689, 2017. 10.1016/j.proeng.2017.02.450 

[13]   Zuzhang Xia, “Wood Energy Basic Knowledge” retrieved from: 

http://www.fao.org/sustainable-forest-management/toolbox/modules/wood-

energy/basic knowledge/en/?type=111 

[14]   Kunič, R. Energy Efficiency (2017) 10: 1511. https://doi.org/10.1007/s12053-

017-9536-1 

[15]    P. S. Kumar, M.J R.  K. Babu, S. Kumar, K.S Kumar “Experimental Study on 

Lightweight Aggregate Concrete Volume 1, Number 1 (2010), pp. 65–74,  

 

 

https://www.youtube.com/watch?v=bLke6d_C7mg
http://www.fao.org/sustainable-forest-management/toolbox/modules/wood-energy/basic
http://www.fao.org/sustainable-forest-management/toolbox/modules/wood-energy/basic


53 

 

APPENDIX A-1: DRAWINGS OF THE HOUSE GENERATED 

USING BINAYATE 
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2nd LEVEL: FIRST FLOOR 
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3rd LEVEL: ROOF 
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EL MEHDI SAIDI 
GE  
DESIGN OF AN EFFICIENT THERMAL INSULATION SYSTEM FOR A HOUSE IN 
ZAOUIAT SIDI ABDESSALAM 
KHALDOUN A 
Spring 2019 
 
The objective of my capstone project is the design of an insulation system, in 
accordance with the materials, and the building fabric performance standards, that 
should be taken in consideration on the Moroccan context, specifically in Zaouiat Sidi 
Abdessalam.  
 
The project will have several parts, first, a literature review about the materials that 
should be used in the facades and the building envelope of the house, in addition to 
their installation process, without forgetting the legal and ethical aspect of the 
construction steps to maximize efficiency of the thermal insulation in a correct way.  
 
In terms of societal and ethical implications, the accomplishment of this project can 
help people from this disfavoured part of Morocco get a proper shelter, while 
respecting the norms and standards of the construction realm in Morocco. A 
STEEPLE analysis of the design project will clear the view on many external aspects, 
proving that the project can surely be more than beneficial. 
 
Secondly, experimental research and evaluations will be done on the real-life model, 
to ensure the optimization of several aspects of the house, which are, the heating, the 
cooling, and air leakage; preventing energy and thermal loss is a priority in the harsh 
conditions of the region of Ifrane.   
 
Having completed the experimental evaluation and the bibliographic review, a 
simulation of the model will be implemented in the software IDA Indoor climate and 
energy- IDA ICE. The software will help visualize the progress of the research, and 
evaluate, through precise data, if our design will really improve the life of the 
inhabitant of the house, and give them maximum comfort with minimum reasonable 
cost.  
 
The final report should include the simulation versus the theoretical calculations 

brought from both the experimental research and the simulation on the software IDA 

ICE, all, while ensuring the feasibility and reality of the thermal insulation system. The 

use of any other software will be added if needed to the successful implementation of 

the design.  
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