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ABSTRACT  
 

The main purpose of this capstone is to contribute to the transformation of Zaouiat 

Sidi Abdeslam into an ecological village. The latter will serve as a model for promoting 

ecological building practices and sustainable communities in the region. Minimizing energy 

consumptions and losses as well as enhancing the living conditions of the village inhabitants 

are the major motivations for working on this particular project. An existing building in the 

village was chosen to be redesigned and renovated. The building will serve as a production 

and selling place of artisanal carpets and traditional food for women of the community in 

order to become independent and autonomous.  

The building structural redesign is the very first step in the process of renovating or 

retrofitting an old building.  This paper proposes a structural design that takes advantage of 

solar thermal energy to provide a year-round comfort and good indoor environment. The 

proposed design was implemented in 2-D using ArchiCAD and in 3-D using DesignBuilder. 

In order to achieve this goal, the passive house structural design parameters of the building 

were studied, such as the site, the orientation and geometry of the building, windows 

dimensions and position, roof type, overhangs length, and finally space allocation. Other 

technologies related to the building design to enhance the leaving conditions of the workers 

are discussed like rainwater gathering. 

In order to take advantage of the solar heating energy, different parameters were taken 

into consideration. The building was elongated along the east-west direction to maximize its 

southern surface area.  The latter was planed in a way to evenly distribute the heating and 

lighting loads. Using DesignBuilder and Susdesign.com, we were able to predict the shading 

percentage of the south facing windows. The simulations have proved that the design of the 

overhangs was effective. During the summer solstice, the roof overhangs provide 100% 

shading of the south facing windows. During the winter solstice, they provide 0% shading of 

the south facing windows. Finally, a cost estimation of the house renovation was calculated 

taking into consideration the budget constraint.  

Key words: passive house; DesignBuilder; ArchiCAD; architecture; sun path; sun thermal 

energy; eco village; renovation; energy gain  
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1. INTRODUCTION  
 

1.1 General Context 
 
Environmental awareness is a worldwide movement that started due to the observed negative 

changes in the climate and degradation of natural resources. These changes have a wide range 

of gravity level. Most scientists agree that humans are responsible for these climatic changes 

known as the “global warming” and for the extensive use of fossil fuels. It began during the 

industrial revolution between the 18th and 19th centuries. The industrial activities released a 

large amount of greenhouse gases into the atmosphere and other toxic wastes into the ground 

and consumed an important volume of natural resources. 

Unfortunately, these changes cannot be stopped, yet they can be prevented and slowed down. 

Many countries have established laws to control their CO2 emissions and limit their fossil 

fuel consumption. Other countries have invested in renewable energies for a greener future. 

Efforts on a small scale add up to a bigger and global scale. To keep up the same pace in 

investing in renewable energies and encouraging research in the development of sustainable 

technologies, international conferences were organized to gather countries with the common 

interest in fighting pollution.  

The Paris Climate Conference was held in 2015, which is known as the COP21. In over 

twenty years of United Nations negotiations, the conference will aim to accomplish a 

universal legal agreement on climate with a goal of maintaining global warming below 2°C.  

Around 50,000 participants that includes close to 25,0000 government official delegates were 

[1]. 

 Recently, the 22nd Session of the Conference of Parties (COP 22) took place in Marrakech 

in which representatives from many countries met. This event shed the light on the 

importance of scaling up the clean energy transition,hence accelerating sustainable energy 

access in Africa, and strengthening energy sector resilience to climate impacts [2].  
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In this spirit, Morocco is currently undergoing large development projects in the energy 

sector in order to reach its goal of sustainable development. Since energy production and use 

account for two-thirds of global greenhouse gas emissions, emphasizing on the energy sector 

is fundamental in addressing global warming and climate challenge. One of the most critical 

aspects to the environment is the energy consumption.  Therefore, this project joins the 

Moroccan quest for sustainability by proposing an adequate solution for an existing structure 

through the improvement of its building architectural design.  

1.2 Project Objectives 

The main objective of this capstone project is to redesign an existing structure in Ifrane 

region for workspace for a cooperation. The cooperation will help women of the region to 

enhance their economic situation through the production of small carpets and traditional fool 

using local products. On the other hand, during the construction process of the building, 

professionals as well as unemployed youth of the region will be educated and formed to build 

ecological buildings. Moreover, environmental friendly building practices are going to be 

promoted through this model building to achieve a bigger goal, which is to develop an eco 

village. Sustainability starts from a smaller level, which is a community, to reach a bigger 

one, which is a country.  

1.3 Problem Statement 
 
The structure of a building is a very important parameter that contributes in the overall 

efficiency of the building. This capstone proposes a structural redesign of a building in Zaouit 

Sidi Abdeslam to be renovated with a price as low as possible.   
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1.4 STEEPLE Analysis 
 

ü Social 

The primary objective of the project is to enhance the life conditions of the inhabitant of 

Zaouit Sidi Abdeslam and contribute to de development of the community. This objective can 

be achieved by redesigning one building in the village in order to make it as energy efficient 

as possible. The building structure plays a big role in its the energy behavior. Since the region 

is very cold in winter, the structure needs to be designed in a way to maximize the sun 

thermal energy absorption, which will have a direct impact on indoor ambient temperature.  

ü Technological 

This Project improves the building sector and triggers research in this field as well. To reach 

the goal of this project, DesignBuilder software and ArchiCAD software were used. The use 

of software in this project helped build the building prototype as well as simulate the 

shadings and sun percentage throughout the year. This allows an approximate prediction of  

the relationship between the building structure and sun heating energy.   

ü Economic 

The inhabitants of Ifrane region suffer from poverty and vulnerability. On the one hand, this 

project will offer to the population a new source of income. The redesigned building will 

serve as cooperation for women to produce and sell hand made carpets and traditional food. 

This will allow them to become economically more independent and autonomous. It will also 

create jobs to unemployed masons and other professionals and introduce them to new 

building techniques. The redesign of the house maximizes the energy gain from the sun 

during winter and minimizes it during summer. This has a direct impact on heating and 

cooling bills.  
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ü Environmental  

The building sector in Morocco consumes 25% of the total energy, knowing that the energy 

production relies heavily on fossil fuels. The extensive use of the latter is well known for its 

harmful effects on the environment. This project will try to reduce the energy consumption of 

a building through redesigning its structure to take advantage of the sun heating energy. It 

will also initiate green building movement in the community of Zaouit Sidi Abdeslam and 

promote ecological building practices. This will contribute in the CO2 and green house gases 

reduction, which will impact positively the environment.  

ü Political 

The project joins the Moroccan quest for sustainability.  Recently, Morocco has made 

significant efforts, such as investing in renewable energies and limiting its green house gases 

emissions. The project is contributing in reaching the goal of sustainable development that 

Morocco has set by through the design of a passive house in Zaouit Sidi Abdeslam in Ifrane. 

The government approved this project and funded it.  

ü Legal 

Besides the geographical location, the house choice was based on its accordance with the 

laws of the country and region. The project will take into consideration the building codes 

and safety regulations throughout the redesign of the house and will not break any law.  

ü Ethical 

Integrity and ethics are two very important values on which this project is based. The use of 

any past work or research in this paper will be properly cited.  
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2. METHODOLOGY 
 
As mentioned before, the aim of this capstone project is to redesign the architecture of an 

existing house to minimize its energy losses using passive techniques. Five steps will be 

followed to achieve this goal. 

• The first step is to understand the main parameters responsible for heat losses and 

gains in a building related to its architecture and structure. Therefore, it is necessary to 

conduct a theoretical study, in which the design parameters will be identified and 

examined separately.  

• The second step is to do a literature review. This step is crucial to understand the 

work done and familiarize with the recent knowledge on the same field. It also helps 

identify the weakness and strengths of the previous research. Moreover, it allows the 

contextualization and positioning of the project within a bigger picture and sharpening 

the focus of the project.  

• The third step is to analyze the current structure the and generate different ideas to 

remediate the pinpointed issues. They should not only be tangible and applicable 

ideas, but also cost effective and sustainable.   

• The fourth step is to construct the new design using ArchiCAD and DesignBuilder 

software. The software will allow us predict the effects of the structural changes 

mainly the shading.  

• The fifth step is to do a financial study of the designed house. In this phase, the cost of 

the building materials as well as labor will be analyzed.  
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3. PASSIVE HOUSE STRUCTURAL DESIGN 
PARAMETERS 

 
A passive house is an energy efficient, affordable, ecological, and comfortable building. It 

is oriented and designed in a way to take the maximum advantage of the energy of the sun. It 

offers the most suitable economical as well as technological solutions for comfortable living 

or working conditions. It can be applied to both new and old buildings in all sectors.   

The house design and planning is a very crucial step to study and take advantage of solar 

energy to allow huge energy savings. In fact, a well-designed house can lower energy bills 

tremendously by reducing the energy needed to heat up or cool down the house. Therefore, it 

will provide a year-round good indoor environment and comfort [3]. 

3.1 Site Selection 
 

It requires more than excellent quality construction and plan for a good passive house. In 

fact, the site selection is the very first important step in planning and designing a new passive 

house. The house should be placed on a site that allows solar access. The southern side of the 

house must have a cleared view. In other words, the sun should not be blocked by any type of 

obstacles, such as houses. Obstacles present in the south side of the building have to be 1.7 

times their height away from it in order to avoid the shading of its the southern surface. 

Obstacles present along the 45° line west or the 45° line east of south have to be 3.5 times 

their height far from the building. Also, the land future uses to the south should be taken into 

consideration in this phase [4]. 

 

3.2 Design and Orientation 
 

 
With the increase in energy costs and awareness of sustainability, it is becoming essential to 

orient buildings properly in order to exploit the free and natural energy of the sun. This 

practice not only increases the indoor comfort but also decreases the energy bills.    
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• Sun’s variation in position 
 

The position of the sun is a very important factor impacting the heat gain of the building. It is 

for this reason that for passive solar buildings, orientation is a fundamental consideration.  

During the Northern Hemisphere winter (December, January and February), the sun rises in 

the southeast and sets in the southwestt at a low angle as shown in figure 1. However, during 

the Southern Hemisphere winter (June, July and August), the sun rises in the northeast and 

sets in the northwest at low angle as well. During the Northern Hemisphere summer (June, 

July and August), the sun rises in the northeast and sets in the northwest. On the other hand, 

during the Southern Hemisphere summer (December, January and February), the sun rises in 

the southeast and sets in the southwest [5].  

 

Figure 1 Sun Path 

 

 
• Shape of the Building 

 
The structure and architecture of the building are very important parameters affecting the 

energy consumption of the house. The building design includes its shape and dimensions, 
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windows size and position, roof type and overhangs size and finally the allocation of space in 

the building.  

An essential factor influencing the energy behavior of a building is the surface area to the 

volume ratio (S/V). The surface area of a building is directly proportional to its energy gain 

and loss. A small Surface to Volume ratio implies minimum losses and gains; it means the 

building shape should be as compact as possible. In dry and hot climates, it is more efficient 

to have a small S/V in order to minimize the heat gains. Similarly, in cold and dry climates, it 

is better to have a small S/V in order to minimize the heat losses. Finallly, in warm and 

humid climates the bigger concern is to have a good aeration [6].  

 
• Windows and Overhangs 

 
It is very important to have properly sized overhangs and oriented windows in order to 

minimize the heat gain during summer and maximize it during winter. Concerning the roof 

overhangs, their length matters more in the south side compared to any other direction. The 

overhangs size of the south facing side of the house needs to be chosen in a way to fully 

shade the windows June 21st at noon and not be shaded at all the 21st of December at noon.  It 

is mainly because in winter, the sun is low, but in summer, the sun is relatively high with a 

longer path. The shading of the east and west side of the building is challenging and may 

need particular devices due to the low sun [7]. 

Similarly, the windows are designed depending on the trajectory of the sun. Passive solar 

buildings typically have windows facing the south in order to absorb the sun’s energy during 

winter. During summer, the sun is relatively high compared to winter. In this case, overhangs 

play a major role in shading the windows to avoid big heating loads [8]. 
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4. INTRODUCTION TO THE SOFTWARE AND WEBSITE 
 

4.1 ArchiCAD 
 
ArchiCAD is an architectural software for Windows and Macintosh. It has a friendly user 

interface that offers diverse computer aided tools to design a building in 2D or 3D.  

4.2 Design Builder 
 
DesignBuilder is a simulation software that offers a graphical interface with different 

features. It allows the user to calculate thermal losses and gains of the building, level of 

confort, view of shadows, ect.  

4.3 Susdesign.com 
 
Susdesign.com website was used to find the appropriate overhang size of the roof. It is a free 

consulting website that offers green and solar building consulting, graphic design and other 

services. 

 

5. DESIGN OF THE PASSIVE HOUSE 
 

5.1 House Choice 
 
Two buildings were suggested for this project. The first building is a finished house, in which 

a family was living. The second building is an unfinished structure that belongs to the 

government. Initially, the project was open to any kind of building to be redesigned for 

enhancement. The first building was discarded because of many constraints. The ultimate one 

is the budget. The house surface area was big and its organization was messy. Therefore, it 

required a lot of changes and remodeling work. This would require a larger budget.  

On the other hand, even if the second building was old and missing a lot of important 

structural parts, it presented many advantages. The building location and orientation were 

favorable. Moreover, since it is unoccupied, there were no constraints concerning the period 

needed to remodel it. Thereby, the second structure was chose to be retrofitted for an 
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associative work. Finished, the building will operate as a production and selling place of 

traditional food and carpets made by women of the region. At the same time, it will also serve 

as a model passive building for the community. 

 

5.2 Existing Building Analysis 
 

5.2.1 Geographical Location 
 
Ifrane is a small city with area of 3573 km2, and it is part of the Meknes and Tafilalt region. 

The decimal latitude and longitude of ifrane are 31.70 and -6.34. Zaouit Sidi Abdeslam is a 

small village in Ifrane. Figure 2 shows the village map and Figure 3 shows the location of the 

building in the village. 

 

                   Figure 2 Zaouit Sidi Abdeslam Map                          Figure 3 geographical Location of the Structure 

 

5.2.2 Climatic Data 
 
Ifrane is located in the Atlas Mountains. Therefore, the cold Atlantic current affects the small 

city. In winter, it is very cold, yet in summers it is warm. Thus, its climate can be classified 

both as temperate and warm. 
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5.2.3 Current Structure 
 
The current structure has a rectangular shape elongated exactly along the east west direction. 

Figure 4, 5, 6 and 7 show the four faces of the building. The building is incomplete. It has a 

basement and a first floor. The two floors are not separated and do not have any foundation. 

The basement wall is 2 m bellow the ground and 0.60 m above the ground to allow the 

presence of openings. The structure has no roof and has some missing wall parts. The length 

of the ground floor wall is 2.7 m. The advantages of this structure are that it does not have 

any adjacent buildings and no internal walls.   

 

 
 
 

 
 
 
 
 
 

Figure 4 South Face of the Structure Figure 5 East Face of the Structure 

Figure 6 West Face of the Structure Figure 7 South Face of the Structure 
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5.3 Site Planning 
 
The only obstacle in the south are trees that are approximately 3 m, therefore the distance 

between the house and the trees must be greater or equal to 5.1m. It is the case since the 

distance is 7 m. This will avoid any shading during winter. There is no shading along the 45° 

lines east and west of south. Moreover, there will be no building project in the future on the 

southern side of the building thanks to the presence of the river.   

5.4 Passive House Plan 
 
While making the plan, it is very important to consider the placement of habitable spaces that 

have the higher lighting and heating needs. The best location for these spaces is the south in 

order to take advantage of the sun. Places that are used less are positioned in the northern area 

of the building as well as places that generate heat the most. Moreover, alike areas should be 

grouped in the same part to share common passive heating and plumbing requirements. 

v Basement  

 
Figure 8 Planar View of the Basement 
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Table 1 Basement Zones and Their Areas 

Zones Space  Area m2 
Zone 1 Hammam 11.016 
Zone 3 Change Room 6.014 
Zone 4 Toilet 2.191 
Zone 5 Hand Sink Space 2.191 
Zone 2 Moroccan Living rom 8.990 
Zone 5 Stairs 4.041 
Zone 6 Virtual Kitchen Space 12.005 
Zone 7 Virtual Workshop Space 19.667 
Zone 5 Free space  40.113 
 
The walls of the basement need to be at least 2.4 m high in order to provide sufficient head 

room if it is a living area [11]. For this building, we decided to have walls with a height of 

2.6m in order to have openings. A portion of 60 cm of the basement is above the ground to 

allow the placement of opening. 

There are four opening in the basement to allow the aeration of the floor. Two opening are 

located on the east side of the building and two other openings on its west side. 

The areas of the windows are the following:  

- Hammam 0.149 m2 

- Toilet 0.127 m2 

- Kitchen 0.15 m2 

- Workplace 0.201 m2 

As showen in figure 8,  the Hammam is located in northwestern side of the basement to heat 

up that side of the house since it does not receive sun-heating energy. The change rooms, 

toilets, and hand washer are along the western wall as well. This choice was based on the use 

of one shared septic tank for all of them. There is also a leaving room for the workers that 

shares a portion of the wall with the Hammam to gain some heat from it. Finally the 

workshop and kitchen take the majority of the basement and are open. In figure 8 we can see 

a yellow separation. The latter is a virtual partition to separate the two spaces. Finally, there 

are stairs along the northern wall to access to first floor. 
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v Ground Floor 
 
 

 
Figure 9 Planar View of the Ground Floor 

 
Table 2 Ground Floor Zones and Their Areas 

Zones Space  Area m2 
Zone 1 Office 11.016 
Zone 5 Stairs 6.014 
Zone 4 left Exhibition Space 2.191  
Zone 4 right Coffee Space 2.191 
Zone 6 Kitchen  8.990 
Zone 2 Restroom 19.667 
 
The zoning of the building was planned in a way to evenly distribute the heat throughout the 

building. As shown in figure 9, The kitchen is placed on the right corner of the house, which 

is the northeast since there is no direct solar gain in that side of the building. The office is 

directly above the Hammam to gain heat energy from it. Finally, the coffee space and 

exposition space are place in the southern side of the house to take advantage of the sun 
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heating energy and light. The bathrooms are isolated to provide more intimacy to the users 

and hygiene and aesthetic to the building. 

 
v Roof:  

 
Roof overhangs size were found using susdesign.com. The input data is the window height 

only. Depending of the city latitude and climate, the overhang size can be found. In our case, 

the window height is 1m, the city latitude is approximated to 32° and the closest climate type 

is mixed. As shown in figure 10 the depth of the overhang should be 0.4m and its height 0.4m 

as well. The roof slope is 30° to provide sufficient head space and also allow future use of 

solar panels on the southern sloped roof of the building. 

 

 
Figure 10 Overhang Size with Respect to Latitude and Climate Type 

The climate types:  

• Warm Climate: hot summer, warm fall and spring, and mild winter. 

• Mixed Climate: warm summer, mild spring and fall, cold winter. 

• Cool Climate: cool summer, cool spring and fall, very cold winter. 
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5.5 Shading simulations  
 

 
Figure 11 South Facing Windows Shading Percentage 

 
The rows of the table correspond to the months and the columns to the hours. Each cell 

has a specific color that indicated the fraction of the window shaded thanks to the overhang 

on the 15th say of the month. If a cell is white, it means that the window is entirely not 

shaded. If a cell is black, it means that the window is entirely shaded. If a cell is grey, it 

indicates the degree of fractional shading. If a cell is green, it means that the sun is below the 

Horizon. Finally, if a cell is blue, it means that the sun is above the horizon, yet not shining 

on the window.  

 From this simulation, we can conclude that the size of the overhangs is efficient 

because during summer, the windows are entirely shaded. While in winter they are entirely 

not shaded. Finally, in fall and spring the windows are partially shaded.  

 Using DesignBuilder software, the shading of the southern side of the building was 

simulated. Figure 11 shows the shading on the 21st of July at noon, and figure 11 shows the 

shading on the 21st of December at noon. We can see that in the 21st of July, the southern side 

of the building is completely shaded; whereas, in the 31st of December, the southern face of 
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the building is not shaded a all. We can conclude from these results the building position and 

roof overhangs are efficient.  

 

Figure 12 Shading during the Summer Solstice 

 

Figure 13 Shading During the Winter Solstice 
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5.6 Additional Technologies 
 

5.6.1 Rainwater Harvesting 
 
Rainwater harvesting is the collection of the deposited water from rain precipitation. This 

accumulated water can be reused for different purposes, such as for cleaning wool to be used 

for carpets production or even heating the hammam space. To calculate the amount of water 

that can be collected from rain, yearly precipitations in ifrane on the roof area need to be 

approximated. Table x shows the monthly precipitations in Ifrane in mm and liters/m2. Ifrane 

knows an average of 1118.4 mm per year of rainfall, which is an average of 93 mm per 

month [12].  

  

 
Figure 14 Yearly Precipitations in Ifrane 

 
 
 
 
The yearly precipitations on the roof to be collected are calculated as the following: 
 

𝑃𝑟𝑒𝑐𝑖𝑝𝑖𝑡𝑎𝑡𝑖𝑜𝑛 = 1118.4 ×129 = 144,273 𝐿𝑖𝑡𝑒𝑟𝑠 
 
This gives an average of amount of 12,022 Liters per month. 
 
 
 

6. FINANCIAL STUDY 
 
Prices to construct or renovate a building depend on different factors such as its geographical 

location, the contractors experience and products used. Prices of products and labor vary 

from a region to another. The prices also vary depending on the quality of the materials as 

well as the type and difficulty of work. 
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In the financial study, three scenarios are going to be suggested to consider possible 

alternatives with different prices. In The optimistic scenario, products with the lowest prices 

in the market will be chosen. In the realistic scenario, the average price and most used 

products are going to be used. Finally, in the pessimistic scenario, products with a higher 

price are going to be selected. The construction of the house can be divided into two parts, 

which are the structural work and the finishing work.  

6.1 Structural Work  

The structural work has three main components, which are masonry, plumbing and electrical.  

6.1.1 Masonry 

The building has existing walls and some pillars. However, the foundation for each floor does 

not exist and some parts of the walls need to be retrofitted. The price coefficient of the 

ground floor is one, the basement is 1.5 and finally the pitched roof is 0.5. The price for 

Masonry construction is given by Meter Square. The built area is 𝐴!"#$% = 3×119 +

(5×2) = 367 𝑚! and the deck is 𝐴!"#$ = 10×2.5 + 9×2 =  34.2 𝑚!.  

• Optimistic Scenario 

Type of the Space Price per Unit Area  

(MAD) 

Area (𝒎𝟐) Total Price (MAD) 

Covered Space 850 367 321,300 

Uncovered Space 250 34.2 8,550 

The total price of masonry work would be 329,850 MAD. 

 

• Realistic Scenario 

In this case, the existing parts of the house need to be demolished and rebuilt from scratch. 

Work / Material Price per Unit Area 

(MAD) 

Area (𝒎𝟐) Total Price (MAD) 

Destruction 100 147 14,700 

Covered Space  1000 367 367,000 
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Uncovered Space  300 34.2 10,260 

The total price of the masonry work would be 391,960 MAD. 

 

• Pessimistic Scenario 

In this case, the existing parts of the house need to be demolished and rebuilt from scratch. 

Work / Material Price per Unit Area 

(MAD) 

Area (𝒎𝟐) Total Price (MAD) 

Destruction 150 147 22,050 

Covered Space  1100 367 403,000 

Uncovered Space  300 34.2 10,260 

The total price of masonry word would be 435,175 MAD 

 

6.1.2 Plumbing 

For the three different scenarios, the labor price is the same, yet the plumbing material quality 

and price differs.  

 

• Optimistic Scenario 

Work / Material Price (MAD) 

Labor 5,000 

Plumbing materials  10,000 

The total price of plumbing work would be 15,000 MAD 

 

• Realistic Scenario 

Work / Material Price (MAD) 

Labor 5,000 

Plumbing materials  12,000 

The total price of plumbing work would be 17,000 MAD 
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• Pessimistic Scenario 

Work / Material Price (MAD) 

Labor 5,000 

Plumbing materials  15,000 

The total price of plumbing work would be 20,000 MAD 

 

6.1.3 Electrical 

• Optimistic Scenario 

Work / Material Price (MAD) 

Labor 5,000 

Electrical Material  15,000 

The total price of electrical work is 20,000 MAD 

 

• Realistic Scenario 

Work / Material Price (MAD) 

Labor 5,000 

Plumbing materials  16,000 

The total price of electrical work is 21,000 MAD 

 

 

• Pessimistic Scenario 

Work/Material Price (MAD) 

Labor 5,000 

Plumbing materials  17,000 

The total price of electrical work is 22,000 MAD 
 

6.2 Finishing Work 
Finishing work in building construction is the concluding stage. It comprises roof and ceiling, 

walls, and floor finishing. We also included other finishing works that cannot be classified 

within the previous categories.  
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6.2.1 Roof 
The external roof total surface area is: 9.375+54.599+35.530+65.04 = 164.544 
 

• Optimistic Scenario 

Work / Material Unit (𝒎𝟐) Price per Unit 

(MAD) 

Total Price (MAD) 

Labor  165  35 5,775 

Material 165 200 33,000 

The total price is 38,540 MAD 
 

• Realistic Scenario 

Work / Material Unit (𝒎𝟐) Price per Unit 

(MAD) 

Total Price (MAD) 

Labor  165  35 5,775 

Material19*40cm 165 300 49,500 

The total price is 54,840 MAD 

 

• Realistic Scenario 

Work / Material Unit (𝒎𝟐) Price per Unit 

(MAD) 

Total Price (MAD) 

Labor  165  35 5,775 

Material19*40cm 165 350 57,750 

The total price is 63,140 MAD 

 

6.2.2 Walls 

• Optimistic Scenario 

Work / Material Unit Price per Unit 

(MAD) 

Total Price (MAD) 

Labor  - - 5,000 

Coating  1 125 125 

Paint  1 350 350 

The total price for finishing work of the walls is 7,300 MAD. 
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• Realistic Scenario 

Work / Material Unit Price per Unit 

(MAD) 

Total Price (MAD) 

Labor  - - 5,000 

Coating  10  125 1,250 

Paint  3 350 1,050 

The total price for finishing work of the walls is 7,300 MAD. 

 

• Pessimistic Scenario 

Work / Material Unit Price per Unit 

(MAD) 

Total Price (MAD) 

Labor  - - 5,000 

Coating  10 buckets 125 1,250 

Paint  3 buckets 350 1,050 

The total price for finishing work of the walls is 7,300 MA 

 

 

6.2.3 Floor 

• Optimistic Scenario 

Work / Material Unit  Price per Unit 

(MAD) 

Total Price (MAD) 

Labor 248 𝑚! 25 6,200 

Tiles  248 𝑚! 50 12,400 

Sand 1 truck 1,800 1,800 

Cement  20 Bags 68 1,360 

The total price for finishing work of floor is 21,760 MAD. 
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• Realistic Scenario 

Work / Material Unit  Price per Unit 

(MAD) 

Total Price (MAD) 

Labor 248 𝑚! 25 6,200 

Tiles  248 𝑚! 80 19,840 

Sand 1 truck 1,800 1,800 

Cement  20 Bags 68 1,360 

The total price for finishing work of floor is 29,200 MAD. 

 

• Pessimistic Scenario 

Work / Material Unit  Price per Unit 

(MAD) 

Total Price (MAD) 

Labor 248 𝑚! 25 6,200 

Tiles  248 𝑚! 100 24,800 

Sand 1 truck 1,800 1,800 

Cement  20 Bags 68 1,360 

The total price for finishing work of floor is 34,160 MAD. 

 

6.2.4 Carpentry 

• Optimistic Scenario 

Work / Material Unit Price per Unit 

(MAD) 

Total price (MAD) 

Door 8 700 5,600 

Entrance door 1 1,500 1,000 

Single Glaze 

Windows 

13.9 𝑚! 700 9,730 

The total price of carpentry is 16,330 MAD. 

 

 

 

 

 



26 26 

• Realistic Scenario 

Work / Material Unit Price per Unit 

(MAD) 

Total price (MAD) 

Door 8 800 6,400 

Entrance door 1 1,700 1,700 

Double Glaze 

Windows 

13.9 𝑚! 1400 19,460 

The total price of carpentry is 27,560 MAD. 

 

• Pessimistic Scenario 

Work / Material Unit Price per Unit 

(MAD) 

Total price (MAD) 

Door 8 900 7,200 

Entrance door 1 1,900 1,900 

Double Glaze 

Windows 

13.9 𝑚! 1,600 22,240 

The total price of carpentry is 31,340 MAD 

 

6.2.5 Other 

• Optimistic Scenario 

Chimney  15,000 MAD 

Kitchen  30,000 MAD 

Hammam 15,000 MAD 

The total price is 60,000 MAD 

 

• Realistic Scenario 

Chimney  20,000 MAD 

Kitchen  40,000 MAD 

Hammam 17,000 MAD 

The total price is 62,000 MAD 
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• Pessimistic Scenario 

Chimney  25,000 MAD 

Kitchen  50,000 MAD 

Hammam 20,000 MAD 

The total price is 65,000 MAD 

 
6.3 Comparison of the three scenarios  
 

  
 

 
Figure 15 Graph Showing the Total Price for Each Scenario 

 
 
Figure 15 shows the different scenarios prices. The optimistic scenario price is 508,780 

MAD. The Realistic scenario price is 610,860 MAD. The pessimistic scenario price is 

678,115 MAD. The optimistic scenario is the closest scenario to our budget, which is 500,000 

MAD.  
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7. CONCLUSION 
 
 

The main goal of this capstone project was to redesign an existing structure to take 

advantage of the solar thermal energy with a price constraint.  

The first step in this project was to look at the existing structure and its site. There were 

many advantages related to the structure. The first one is the fact that it is built exactly along 

the east-west direction. This allows significant heat gains during winter since the south facing 

area of the structure is elongated. The second advantage of the structure is the use of rocks 

instead of manufactured bricks in the external walls. The site is clear. In other words, there 

were no obstacles to hinder the sun radiation. The Structure had some disadvantages as well. 

The latter had neither foundation nor roof. The existing walls had a lot of missing parts. This 

means that the budget forms a real constraint.  

To take advantage of the sun heat in order to provide a year-round indoor comfort, the 

house spaces were planned in a way to evenly distribute heat. The sun path was also 

exploited to size the overhangs of the roof. The latter has a 30° slope with 0.4 m depth and 

0.4 m height overhangs. Using DesignBuilder software, we were able to simulate the shading 

produced by the overhangs on the south facing side of the house. We found that during 

summer solstice the southern face was fully shaded, while during the winter solstice, it was 

not shaded at all. This shows that the overhangs were effectively sized.  

Finally, three scenarios were generated for the price of building the structure. The 

optimistic scenario was the closest to the budget.  
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APPENDIX I: 2-D Plan using ArchiCAD 
 
 
 

Basement Plan using ArchiCAD 
 

 

Ground Floor Plan using ArchiCAD 
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APPENDIX II: 3-D Plan using DesignBuilder  
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