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ABSTRACT 

Nowadays, energy efficiency has become the concern of many people due to the rising price of 

electricity. Moreover, the deterioration of the environment is another matter that preoccupy the 

residents of this planet. The aim of this capstone is to design a smart house that is energy 

efficient. My report will be composed of three main parts. The first part will be about the 

literature review. I will discuss the different points of the STEEPLE analysis: Societal, 

technological, ethical, economic, political, legal and environmental. Moreover, I will introduce 

some projects that were conducted in the United states, United Kingdom, Africa and Australia. 

I will also define the three types of smart houses including the controllable, programmable and 

intelligent smart houses. However, in the second part, I will introduce the materials that I am 

going to use in building the house as well as the regulations imposed by Morocco. I choose to 

use the lightweight concrete as a construction material and rockwool and cork as insulation 

materials. In order to insulate the windows, I used double glazing. Last but not least, the third 

part will be dedicated to the active part of the project which is related to the Home Energy 

Management System. This latter plays a crucial role in making the house smart and energy 

efficient at the same time. This section requires the implementation of solar energy as well; 

knowing that it is a clean source of electricity.      
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INTRODUCTION 

Many years ago, the smart house was considered as the home of the future. People were 

astonished each time they see home magazines’ covers or watch videos about a mesmerizing 

smart building. The majority considered this latter as a mean to escape from domestic chores 

and to live the luxury life. It is true that the concept of smart house reflects a big change in 

everyday life since it frees you from mundane chores thanks to its automated equipment; 

however, there are many other interesting benefits behind this concept. Smart houses contribute 

also in the protection of the environment by reducing emissions and pollution. Moreover, they 

play a big role in sustaining energy and minimizing its consumption, which is the subject of my 

capstone. The goal of this project is to control the production of energy, its storage and its usage 

as well. As a result, electricity bills will be reduced without neglecting the comfort the 

inhabitant. Because of the urbanization and industrialization, the need of energy has increased 

rapidly, yet there won’t be enough resources in the future. For that reason, rational solutions 

need to be found. To do so, we need to reduce the use of energy using active and passive 

strategies. The active strategies consist on the use of all smart technologies along with the 

implementation of a Home Energy Management System. On the other hand, the passive 

strategies are limited to the materials used while building the house. These materials need to be 

energy efficient.  
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First part: LITERATURE REVIEW 

Section 1: STEEPLE analysis 

 1.1. Societal 

This smart house was designed to be energy efficient and to ensure the resident’s comfort at the 

same time. Consequently, the inhabitant will be less worried about the household tasks thanks 

to the advanced technologies introduced. Home automation provides the resident with 

physiological comfort related mainly to the heating and lighting as well as the psychological 

comfort that consists in providing a secure milieu. Beyond the comfort and the security, there 

is another important objective which is helping the handicapped and the elderly people. This 

concept can facilitate the tasks for these people and make life easier for them. Smart houses are 

built to adapt to the different conditions and needs of the resident by making the interaction 

between this latter and the home system simpler 1. 

1.2. Technological 

The smart house requires the use of different types of devices; some of them work on 

maintaining security inside the house while others work on maximizing the comfort of the user. 

Sometimes, the technologies used can be a little bit expensive; however, they pay for 

themselves over time. These technologies comprise smart sensors that play a big role in 

controlling and managing the house. They allow the resident while away from home to control 

its temperature, turn on or off the lights. Moreover, these sensors warn you in the case of 

intrusion or window leak.  
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1.3. Ethical 

All the researches we conducted for our project were done in an ethical way. We respected the 

norms given by “Règlement Thermique de Construction au Maroc” while building the house. 

Moreover, we didn’t deny the importance of avoiding plagiarism by giving ideas credits and by 

attributing them to their owners.  

1.4. Economical 

Nowadays, people are more interested in buying or building smart houses since the cost of 

electricity is getting higher and higher. By using smart technologies, they will not only reduce 

energy consumption but also lower energy costs. As a result, the residents will save money and 

the government as well; knowing that this latter will decrease its importations of energy since 

the demand will decrease. 

1.5. Political 

Environmental issues bring all parts of the world together. Nowadays, all countries are worried 

about the future of their planet; as a result, they are all standing strong with each other for a 

better situation. In 2015, the United Nations Climate Change Conference was hold in Paris 

between 195 nations so as to make an agreement on restricting global warming to 1.5 ° C. In 

2016, Morocco showed his integrity and his willingness to combat climate change as well by 

hosting the Conference of Parties (COP22) in Marrakesh. As a result, in order to face this 

alarming problem, these countries are investing in technologies and in building smart houses to 

reduce energy consumption. By minimizing the use of energy, we will reduce Carbone Dioxide 

emissions and fight global warming as well 2. 
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1.6. Legal  

When talking about legal, we are referring to safety and security. The smart house has a high 

security system that will ensure the safety of the resident by implementing face recognition or 

fingerprints as a pass to access the house. In the case of a break-in, the resident is immediately 

alerted about the intrusion, the alarm is triggered and the camera starts filming. Besides, in the 

case of fire, the inhabitant will be informed instantly thanks to sensors that detect gas leak and 

smoke 3. 

 

1.7. Environmental 

Nuclear energy and fossil fuels represent the primary sources of energy in the world. On one 

hand, nuclear energy is used to produce electricity based on a radioactive metal named Uranium. 

This latter is a radioactive material that is found in some rocks. However, this source of energy 

generates nuclear and radioactive wastes causing environment degradation. On the other hand, 

fossil fuels represent 80% of the world’s primary energy and generate about 80% of carbon 

dioxide emissions. Fossil energy is generated as a result of the combustion of coal, oil and 

natural gas that are rich in Carbon. Their transformation causes a huge demolition along with 

global warming and air pollution because of the high emissions of carbon dioxide. Besides, 

fossil fuel won’t last forever since the reserves are restricted. Consequently, other sources of 

energy need to be implemented such as renewable energies, knowing that they are eco-friendly 

4. 
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Figure 1: Total production of primary energy in the world 5 

 

Figure 2: Total primary energy supply by geographical region 5 
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Section 2: Smart houses around the world 

   

 2.1. United States 

 

At the University of Colorado, Boulder, a real prototype of “The Adaptive House” was 

constructed to conserve energy by controlling the lighting and the heating automatically. 

“ACHE” predicts the arrival of the occupants at home and starts preparing the house based on 

their preferences. This system doesn’t need any configuration since it develops a model that 

anticipate the actions of the residents based on previous observations 6. 

At Georgia Institute of Technology, they worked on a project called “Aware Home” in order to 

facilitate the daily living especially for elder people. It consists on assessing automation 

technologies in a two-floor house. This project involves the use of many advanced technologies 

including footstep recognition based on the ground reaction force (GRF) profiles. In addition, 

they taught about integrating tags into the objects that are frequently used in order to make it 

easy for the resident to find them [7]. 

2.2. United Kingdom 

At Birmingham city University, a new project called Retrofit Plus was launched. Its goal is to 

reduce energy consumption thanks to an insulated layer that covers the entire building. TCosy 

Retrofit system contributes in fighting against heat loss and reducing carbon emissions. Besides, 

they equipped the house with triple glazed windows as well as sensors that are used to adjust 

the temperature. This project helped in reducing energy consumption by 80 percent 8. 
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2.3. Africa  

At the University of Johannesburg in South Africa, they were looking for ways to decrease 

energy consumption since paying electricity bills has been taking a big part of the citizen's 

salary. So, they found a way to optimize the electricity use per day using the Daily Maximum 

Energy Scheduling device. As a result, this approach will help in reducing energy usage so that 

the resident will have to pay no more than 10 percent of his salary on electricity bills. Moreover, 

this will help also in maintaining a healthier environment 9. 

 

2.4. Australia  

At the University of Sydney, they conducted a research to encourage the use of renewable 

energies on rather than fossil fuel. To do so, an energy management system is implemented into 

the house along with an improved energy storage technology. This approach is very noteworthy 

since the cost of fossil fuel is rising; in addition, this latter is harmful for the environment 

causing global warming 10. 

 

Section 3: Taxonomy of smart houses 

 

We distinguish three types of smart houses, the controllable, the programmable and the 

intelligent house.  

3.1. Controllable houses 

The controllable house which is the first type of smart houses consists in controlling all the 

devices using voice or touch screens. For example, prior to the arrival to the house, the resident 

can switch on the lights, play his favorite music and control the temperature of the house only 

by using his phone 11. 
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3.2. Programmable houses 

The programmable house is the second type of smart houses. These houses need to programmed 

previously by the resident to process some actions when a specific event is occurring. For 

example, when the temperature of the house is below a 19 ° C, the heater needs to be switched 

on. Also, when it is daylight the lights need to be switched off 11. 

3.3. Intelligent houses   

The intelligent house is the last type of Smart Houses. This type doesn’t require the intervention 

and manipulation of the user. The house works on memorizing the resident’s habits and needs 

by detecting the repetitive actions. So, the intelligent house programs itself and tries to adapt to 

different situations 11. 

Second part: PASSIVE PART 

This part is related to the construction of the house including the construction and insulation 

materials used as well as the type of glazing for the windows. Besides, I will consider some 

performance measures of the house such as the thermal transmittance and the heat loss to 

evaluate its efficiency.  
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1. Theoretical part  

1.1. Properties  

1.1.1. Thermal conductivity 

Thermal conductivity determines the heat flow that passes through a certain material. The lower 

its value, the better is the material, the less heat is needed to keep the house warm. The unit of 

the thermal conductivity is W/ (m.K), and it does not depend on the thickness 12. To compute 

the thermal conductivity, the following formula is used:  

       e = (d × c × k)1/2 

Where:   k is the thermal conductivity  

   d is the density (kg/ m3) 

    C is the specific heat (J/ (kg. K)) 

    e is the thermal effusivity 13 

1.1.2. Thermal resistance 

The thermal resistance defines the level of resistance of a certain material to the transfer of heat 

through it. The higher the thermal resistance, the better is the material. A low R means that the 

house will have a high heat loss. The unit of the thermal resistance is m2k/W 14. To calculate 

it, we use the following formula: 
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      R =
t

k
 

Where:   R is the thermal resistance  

    T is the thickness (m) 

    k is the thermal conductivity  

 

1.1.3. Thermal transmittance 

The thermal transmittance also known as the heat transfer coefficient, it is measured in order to 

classify the materials depending on their effectiveness. The lower the value of U, the better is 

the efficiency of the material. The unit of the thermal transmittance is W/m2K 15. 

 

To compute U value, we use the following formula: 

    U =
1

∑ R+Rsi+Rse
   

 

Where:   R is the thermal resistance of the component’s layers  

    Rsi is the thermal resistance of the internal surface 16  

    Rse is the thermal resistance of the external surface 16 
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1.1.4. Heat transfer 

The heat transfer between objects represents the thermal exchange that is due to a change in 

temperature. Generally, the heat flows from an object that has a higher temperature to an object 

having lower temperature. The unit of the heat transfer is W/K 16. To compute it, we use the 

following formula:  

                           𝑄 = Σ𝑈𝑖 × 𝐴𝑖 

 

Where:   U is the thermal transmittance of the house 

    A is the total area of the house (m2) 

 

1.2. Construction materials 

1.2.1. Lightweight concrete 

       

      Figure 3: Lightweight concrete blocks 

 



 

 12 

 

Concrete is renowned for being among the materials that are usually used in residential 

buildings. We can distinguish between two types of concrete: the heavyweight concrete and the 

lightweight concrete which is the one that we are going to use to build the smart house. The 

lightweight concrete is characterized by comprising an aggregate with a density that does not 

exceed 2100 kg/m3 while the heavyweight concrete comprises an aggregate with a density 

higher than 2080 kg/m3. The high density of heavyweight concrete can be explained by its 

poorer porosity. Concrete is inexpensive, strong and a long-lasting building material [17]. 

 

1.2.2. Clay 

 

                  

     Figure 4: Clay blocks 

 

Clay is a very old material that has been used many years ago in constructions. People are still 

using it for its good properties. Clay is one of the cheapest materials in the market. Besides, it 

is very flexible and can be easily shaped to any form. Clay is an environmentally friendly 

material; moreover, it has good insulation properties [18]. 
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1.3. Insulation materials 

1.3.1. Glass fiber wool 

 

      

          Figure 5: Glass fiber wool 

 

Glass fiber wool or fiberglass is one of the most used insulators. It is made basically from silica 

sand, limestone and soda ash that are all mixed together under a temperature of 1371 °C. 

Fiberglass comes in two forms which are rolls and batts. It is not heavy and its density is 

between 8 and 16 kg/m3 which makes it easy to compress. Moreover, glass fiber wool does not 

resist to water; as a result, its insulation will drop [19]. 
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1.3.2. Mineral fiber wool 

 

 

 

          Figure 6: Mineral fiber wool / rockwool 

 

Mineral fiber wool or rockwool is made by mixing basalt and slag under a temperature of 

1648.9 °C. Rockwool comes in the form of batts only, and its cost can reach twice the cost of 

fiberglass. However, it has a higher thermal resistance than the fiberglass which makes it an 

excellent insulator. Rockwool is heavy with a density of 27 kg/m3; therefore, it cannot be 

compressed easily. In addition, mineral wool has significant resistance to water and fire [20]. 
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1.3.3. Cork 

 

       

     Figure 7: Cork 

Cork is very light and compressible material. Moreover, it has a low thermal conductivity 

ranging from 0.037 to 0.040 W/m.K. Cork has a very high resistance to water. Besides, it is 

characterized by being eco-friendly and by having a long durability [21]. 

1.4. Climate zones in Morocco  

Morocco has been divided into 6 climate zones. According to La Direction de la Météorologie 

Nationale (DMN) and L’Agence Nationale pour le Développement des Energies Renouvelables 

et de l’Efficacité Energétique (ADEREE), Ifrane belongs to zone 4 [22]. 
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Figure 8: Climate zones in Morocco adapted to the Thermal Regulation of Construction in 

Morocco [22] 

 

 

 

1.5. Thermal limitations  

The table below shows the thermal limitations in the region of Ifrane depending on the rate of 

glazing. In our case, we will follow the ones related to the rate of glazing that is ranging from 

16 to 25% [22]. 
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Table 1: Limit requirements for thermal characteristics of residential buildings [22] 

 
Rate of 

glazing 

U of 

exposed 

roofs 

(W/m2.K) 

 

U of 

external 

walls 

(W/m2.K) 

 

U of the 

glazing 

(W/m2.K) 

Minimal 

resistance 

of the 

floor 

(m2.K/W) 

 

Climate 

zone 4 

(Ifrane) 

 

 

≤ 15% 

 

≤0.55 
 

 

≤0.60 

 

 

≤3.30 

 

≥1.25 

16-25% 

 

≤0.55 

 

 

≤0.60 

 

 

≤3.30 

 

    ≥1.25 

26-35% 

 

≤0.55 

 

 

≤0.60 

 

 

≤2.60 

 

≥1.25 

36-45% 

 

≤0.49 

 

 

≤0.55 

 

 

≤1.90 

 
≥1.25 
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2. Experimental part  

2.1. Smart house using DesignBuilder 

 

 

Figure 9: The house’s floor plan 1                      Figure 10: The house’s floor plan 2 

Figure 11: Realistic model of the smart house done using DesignBuilder 
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I built the smart house using DesignBuilder. This latter is a software that aims to design houses 

and buildings and to evaluate them. Thanks to it, we can choose the appropriate material to 

build the house, depending on its thermal resistance and transmittance. Our smart house has 

one bedroom, one bathroom, a kitchen and a living room.   

2.2. The construction material used  

Table 2: U value of the construction materials 

Materials U value (W/m2.K) Layers 

 

 

Light weight 

concrete  

 

 

 

1.042 

 
 

 

 

Clay 

 

 

 

2.703 
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From the table above, we can see that the thermal transmittance of light weight concrete is 

lower than clay. So, we are going to choose the light weight concrete because the lower the 

value of U, the lower the heat loss.  We got these values by inputting the material type, the 

number of layers as well as the dimensions in DesignBuilder.  

2.3. The insulation materials used  

Table 3: U value of the insulation materials  

Materials U value 

(W/m2.K) 

Layers 

 

 

Light weight 

concrete with  

air gap 

 

 

 

1.019 

 
 

 

Light weight 

concrete with 

 glass wool 

 

 

 

0.434 
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Light weight 

concrete with 

 rockwool 

 

 

 

0.420 

 

2.3.1. Walls 

The internal and external walls of the energy efficient smart house were constructed using two 

layers of light weight concrete and one layer of rockwool as insulation material. The 

combination used has the lowest thermal transmittance value which makes the mineral wool 

the best insulator in this case.  

2.3.2. Floor 

Table 4: U value of the floor 

Materials U value 

(W/m2.K) 

Layers 

 

 

Light weight 

concrete with 

 rockwool and  

cork 

 

 

 

0.224 
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For the floor, we chose the light weight concrete as a construction material and rockwool and 

cork as insulation materials.  

2.3.3. Pitched roof  

Table 5: U value of the pitched roof 

Materials U value 

(W/m2.K) 

Layers 

 

 

Light weight 

concrete with 

rockwool, cork 

 and 

Brick tiles 

 

 

 

0.197 
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2.3.4. Windows 

Table 6: U value of the windows 

Materials U value 

 (W/m2.K) 

Layers 

 

Double glazing 

generic clear 3mm 

each and air 13mm 

 

 

 

1.616 

 

 

The best way to insulate windows is to use double glazing or more. For that reason, we opted 

for double glazing generic clear of a 3mm thickness and a gap of air of 13mm.  

2.3.5. Doors 

Table 7: U value of the doors 

Material U value 

(W/m2.K) 

Layers 

 

 

 

Cork 

 

 

 

0.75 
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Last but not least, doors were made of cork which is in itself an insulation material. 

 

2.4. Computations and discussion 

2.4.1. Thermal resistance R including insulation 

In the table below, we calculated the thermal resistance of all the materials used in building the 

house. I took the values of the thermal conductivity from “ Architect’s Pocket Book ” [16]  

while the thickness is already mentioned above. Then, I plugged them into the formula given 

before. 

Table 8: Thermal resistance of the materials 

Materials Thermal 

conductivity 

(W/m.K) 

Thickness  

(m) 

Thermal resistance 

(m2K/W) 

Lightweight 

concrete 

0.38 0.12 0.316 

Rockwool (walls) 0.035 0.06 1.714 

Rockwool (floor) 0.035 0.08 2.286 

Cork (floor) 0.04 0.07 1.750 

Cork (doors) 0.04 0.05 1.250 

Cork (roof) 0.04 0.12 3.000 

Brick tiles 0.85 0.02 0.024 

Glass 1.05 0.003*2 0.006 

Air 0.026 0.013 0.500 
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After that, we calculated the thermal resistance of each component of the house including the 

walls, the floor, the doors, the windows and the roof. To do so, we will use a different rule 

which is the following:   

R =  Rt +  Rsi + Rse 

Where:   R is the thermal resistance of the component  

   Rt is the total thermal resistance of the component’s layers  

   Rsi is the thermal resistance of the internal surface  

   Rse is the thermal resistance of the external surface  

I got the values of Rsi and Rse from “Architect’s Pocket Book” [16]. We can notice that the 

walls, doors and windows have the same thermal resistance of the internal and external surfaces 

compared to the roof and floor. We can explain it by the directions of the heat loss in the house. 

 

     Figure 12: Directions of the heat loss 
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Table 9: Thermal resistance of the components of the house 

 

 

Components 

 

Total thermal 

resistance of the 

component’s 

layers (m2K/W) 

 

Thermal 

resistance of the 

internal surface 

(m2K/W) 

 

Thermal 

resistance of the 

external surface 

(m2K/W) 

 

Thermal 

resistance of the 

components 

(m2K/W) 

 

Walls (internal 

and external) 

2.346 0.12 0.06 2.526 

Floor 4.430 0.14 0.04 4.610 

Roof 5.059 0.10 0.04 5.199 

Windows 0.506 0.12 0.06 0.686 

Doors 1.250 0.12 0.06 1.430 

 

The thermal resistance of the floor that we got respect the Moroccan norms since it exceeds 

the minimum required R: 4.430 m2K/W > 1.25 m2K/W.  

2.4.2. Thermal transmittance U including insulation  

To compute the thermal transmittance of each component, we applied the rule mentioned before 

by dividing 1 by the sum of the thermal resistances of the component’s layers plus the thermal 

resistances of the internal and external surfaces. However, to compute the U value of the house, 

we multiplied the U value of each component by the corresponding percentage area, then we 

add them up to get a thermal transmittance of 0.32 W/m2.K.  
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Table 10: Thermal transmittance of the house with insulation 

 

Components 

 

Area (m2) 

 

% Area 

 

U value of the 

components 

(W/m2.K) 

Walls 136.7 47 0.40 

Floor 72.17 25 0.22 

Roof 72.17 25 0.19 

Windows 3.5 1 1.46 

Doors 9 3 0.70 

Total 293.58 100  0.32  

 

For the walls, we got an U value of 0.40 W/m2.K < 0.60 W/m2.K. For the roof, we got 0.19 

W/m2.K < 0.55 W/m2.K. Last but not least, for the windows, we have 1.46 W/m2.K < 3.30 

W/m2.K; meaning they all respect the standards.  

2.4.3. Thermal transmittance U without insulation 

In this part, we calculated the thermal transmittance of the house after removing all the 

insulation materials. We kept only the construction material which is the lightweight concrete. 

We got a value of 1.03 W/m2.K which is larger than the U value we got previously. In other 

words, the house with the lowest U that is 0.32 W/m2.K has the lowest heat loss.   
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Table 11: Thermal transmittance of the house without insulation 

 

Components 

Partial thermal  

resistance 

(m2K/W) 

Total thermal 

 resistance  

(m2K/W) 

 

% Area 

 

U value 

(W/m2.K) 

Walls 0.789 0.969 47% 1.031 

Floor 0.789 0.969 25% 1.031 

Roof 0.819 0.959 25% 1.043 

Windows 0.506 0.686 1% 1.458 

Doors 1.250 1.430 3% 0.699 

Total   100% 1.03 

 

2.4.4. Heat loss Q including insulation 

To compute the heat loss, we multiplied the thermal transmittance of the house by its total area. 

We got a heat loss of 121.94 W/K. 

        Table 12: The heat loss of the house with insulation 

Total area of 

the house (m2) 

U value of the 

house 

(W/m2.K) 

Heat loss 

(W/K) 

 293.58 0.32 121.94 
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2.4.5. Cost of the materials used 

Table 13: Price of the materials used  

Materials Price per unit (DH/ m2) Total price per area (DH) 

Lightweight concrete 90-130 35 542 

Rockwool 80-90 25 293.6 

Cork (construction) 60-90 12 990.6 

Double glazing (Windows) 1 200/ LW 

1 000/ SW 

7 200 

2 000 

Clay tiles 10/ piece 30 000 

Cork (Doors) 1300/ door 6 500 

Total   119 526.2 

 

This table shows the price per unit of all the materials used in the construction of the house as 

well as the price per area. We got this latter by multiplying the price per unit by the area of the 

material in each component of the house. The total cost of construction is 119 526.2 DH.  
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Third part: ACTIVE PART  

In this part, I will talk about the aspects that make a house smart. It consists of a Home Energy 

Management System, smart meter, smart appliances, Home area Network, smart sensors, 

renewable energy sources and storage.   

1. Home Energy Management System 

 

1.1. Architecture of the smart house      

                                                                                              

 

Figure 13: Architecture of the house 1 [23] 

 

Many people refrain from using Home Energy Management System (HEMS) either because 

they are worried about the cost or just because they haven’t heard about it before. However, it 

is an important tool that contributes in saving energy as well as reducing electricity bills. Home 

energy management system plays a crucial role in increasing energy efficiency by controlling 

and managing the energy consumption of the smart appliances. Thanks to the Home Energy 

Management System, the home owner can be aware of any malfunctioning or leak within the 

house. As a result, he can fix the problem before receiving the monthly energy bill. The HEMS  
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can also intervene in whether powering some appliances on or off, yet the user can still accept 

or refuse the action. Thus, the Home Energy Management System facilitates and monitors the 

demand response while taking into consideration the peak times. [23] 

HEMS consists of smart appliances, sensors, smart meter and renewable energy sources. These 

components communicate with each other using Home Area Network (HAN) which is a two-

way communication between the user and the utility.  The communication protocol that we are 

going to use in our smart house is ZigBee and WIFI [24]. 

 

 

      Figure 14: Architecture of the house 2 [25] 

As we can see in the schema above, the utility is responsible for controlling the smart home 

appliances such as refrigerators, lights, thermostat, TV, air conditioning, heating and washing 

machine. Smart meter receives signals from smart appliances, stores them and sends them to  
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the utility using a utility gateway. The communication protocol used is ZigBee which is a 

wireless network. “ZigBee is a bidirectional radio frequency (RF) wireless network standard 

which conforms to IEEE 802.15.4. It has a low data rate, long life battery and operates in the 

license-free frequency for short range” [25].  

Meanwhile, the user relies on his smartphone, tablet or laptop to communicate with the 

appliances and to perform the function of scheduling. Thanks to a user interface, he can input 

his desires and needs. Then, the utility communicates the performance of the home appliances 

to the user via an Internet gateway. The communication protocol used is WIFI which is a 

wireless network [25].    

1.2. Maroc Telecom “Smart Home” offer 

In 2016, Maroc Telecom has implemented a concept that is new to the Moroccan market. This 

concept takes into account a new offer related to home automation, denominated “Smart home”. 

This offer enables the user to control his house by only using his tablet, smartphone or laptop. 

Thanks to this offer, the resident will feel more secure; knowing that there are sensors placed 

on the doors to detect any intrusion in addition to a Wi-Fi IP camera to record the event. This 

offer will also contribute in saving energy since it comprises motion sensors that will switch 

off the light when detecting unoccupied spaces [26]. Besides, the smart home includes 

temperature sensors that contribute in maintaining the comfort of the resident as well as 

avoiding energy waste. They measure the temperature inside the house and allow the user to 

control it remotely depending on his preferences. Last but not least, the house includes a smart 

meter that measures the electricity usage. It is an important device since it serves as a way of 

interaction between the home energy Management System and the utility.  
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Table 14: Cost of Maroc Telecom’ offer [26] 

Device Cost 

Pack “smart house” of Maroc Telecom 4800 DH 

Installation cost 120 DH 

Monthly WI-FI plan 79 DH / Month 

 

1.3. Renewable energies                                                                                                                           

1.3.1. Renewable energies in Morocco  

Morocco started showing interest in renewable energies for many reasons. Firstly, our country 

relies on importations to satisfy about 95% of its energy related needs since Morocco does not 

have fossil fuel reserves. Secondly, after hosting the COP 22, Morocco has to commit to its 

decision about fighting global warming by minimizing gas emissions by no less than 13%. To 

do so, Morocco has to increase its investments in renewable energies, knowing that it does not 

produce oil and it produces only a small quantity of coal and gas. As a result, by 2020, Morocco 

is aiming to include renewable energies within its sources of energy by 42% of the total use of 

energy [27]. 

 

1.3.2. Projects related to solar energy in Morocco 

In 2009, the Moroccan Solar Plan (PSM) that includes the 4 phases of Ouarzazate Solar 

Complex was launched by the king of Morocco. The phases aforementioned are the power plant 

Noor Ouarzazate I, II, III and IV. All these phases together represent the largest solar thermal 

power plant in the world that was established thanks to an investment of 24 billion of Dirhams. 

By 2020, this plan is supposed to produce an amount of 2 GW of solar power [28]. 
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Figure 15: Ouarzazate Solar Thermal Power Plant [29] 

 

1.3.3. Solar cells implemented in the smart house 

Renewable energy represents an essential part of the smart house. Thus, we decided to use 

polycrystalline solar panels which belong to the first generation of solar cells. This latter is 

characterized by its high efficiency and higher cost compared to the second and third generation 

due to the higher cost of Silicone [30]. The solar panels that we are going to use are 

manufactured by Jinko Solar and supplied by Solo Stocks. We will need 21 panels that will be 

placed on the pitched roof. In the table below, we will calculate the total energy produced by 

Solar panels with an output rate of 330 Watts [31]. 
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         Table 15: Total energy produced by polycrystalline solar panels 

Number 

of solar 

panels 

Hours 

of full 

sun 

Nominal 

power of the 

solar panel 

Energy produced 

by one solar panel 

per day 

Energy produced  

by 21 solar panels 

 per day 

 

21 

 

4 hours 

 

330Watts 

 

4 * 330 = 1320Wh 

 

1320 * 21 = 27 720Wh 

          

 

1.3.4. Storage 

In order to store the excess of energy, a lithium battery will be added to the system. The brand 

is LG and the supplier is Solo Stocks again. The battery has a capacity of 10 KWh [32]. 

 

Table 16: Total price of the solar panels and the battery implemented 

 

Price of one solar panel 

 

Total price of the solar panels used 

 

Price of the battery used 

1 261.49 DH /unit 

 

1 261.49 DH * 21 = 26 491.29 DH 50 825 DH /unit 
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CONCLUSION  

The research conducted in the passive part has led to a conclusion that one should use insulation 

materials along with construction materials in order to lower the thermal transmittance of the 

house and to reduce its heat loss. The U value and the heat loss Q are positively related. Also, 

the lower the thermal conductivity of the material, the higher its thermal resistance. Thus, the 

value of k and the value of R are inversely related. In the active part, we concluded that for a 

house to be energy efficient, the selection of the materials used to build the house is not enough. 

This latter should include a Home Energy Management System that will contribute in managing 

the power used by appliances so as to minimize the waste of energy within the house. The 

HEMS comprises many sensors as well as a smart meter that all work together to ensure the 

comfort, the security of the resident. As part of the Home Energy Management System, the use 

of solar cells is fundamental. The PV cells will generate a considerable amount of the energy 

needed for the house, and if there is any excess it will be stored in the battery. Besides, if there 

is any outflow, it is possible to inject into the grid up to a maximum of 20% of the energy 

produced [33]. Also, linking the house to grid will prevent any shortage of electricity. To sum 

up, in this project, all the choices including the choice of materials, solar cells and the battery 

were made regardless of the price. The choice was built on the quality of the product since we 

do not have a budget constraint. 
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APPENDIX 

Temperature and heat gains by DesignBuilder 
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Heat loss by DesignBuilder 

 

Energy uses by DesignBuilder 
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Energy uses by subcategory using DesingBuilder 

 

 

 


