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Executive Summary: 
 

 

 

 

This capstone project aim is to decrease the energy consumption in our country by using 

these bio climatic buildings. While using elements that will benefit the user, with a good 

temperature, we will be keeping cool in summer and warm in winter. 

The first part of the work will be based on a literature review on the energy mix of Morocco. 

A huge part of the energy in Morocco is constituted of oil. We will be discussing the energy 

consumption as well as most of it goes in the residential sector. The second part will be about 

introducing the Sahara in the North African region “especially Morocco” and a new innovative 

way of making buildings (bio climatic buildings) using materials that will have a low thermal 

conductivity while studying their properties and their incorporation in buildings. These materials 

can be local materials and can vary to geological, vegetal or animal (wool), or other green materials 

(green cement, green bricks…) that can be used. 

Also, we will be using ArchiCAD software to produce the plan first of the house and the 

views of it from different angles using LUMION software. This will allow us to have an idea of 

the kind of houses we can be building in the Saharan region. Those are bio climatic buildings. 

The last part of the work will be based on using Design Builder. We constructed the bio 

climatic house in the Moroccan Saharan region and studied the three temperatures (air, radiant, 

operative) inside the house. We will see that with a good selection of Materials, we will be losing 

way less energy compared to normal buildings in the Sahara. 
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I. Introduction: 
 

 

 

 

Morocco is estimated to import more than 90% of its energy consumption from foreign 

countries such as Spain and since energy prices rise significantly and global warming become 

more critical, energy management is an important aspect of the country’s development to target. 

In order to ensure an energy security, Morocco has known the birth of several agencies that targets 

energy efficiency, the establishment of laws and many other initiatives to fulfill the government’ 

energetic goals that are the increase of renewable energy sources such as wind, sun, 

hydroelectricity... (SOMEYA et al., 2018) 

 

 

 

Nowadays, Buildings are meant to spend a lot of energy in order to afford the comfort 

and the stability needed. The user is always looking for the better option and the most 

comfortable one, which grows the expectations for the indoor air quality, the thermal comfort… 

 

 

 

Africa is facing difficulties in the housing market and the housing sector generally as they 

are not meeting the expectations of the user and also the high energy loss faced with this problem; 

without forgetting the non-protection of the climate. African countries now are having an ageing 

building stock, which affects in general our planet with the prolonged heat waves... 



 

 

 

For now, bioclimatic application is not as successful as it was thought to be. This is 

surprising because most of us prefer for example real daylight, natural ventilation. This is due to 

some designers and architects that face difficulties in applying the bioclimatic applications in 

modern designs. There are some cases where the design approach is not accommodated with the 

requirements of low energy buildings. 

 

 

 

 

Buildings should be newly designed so that they can have a life expectancy of 100 years 

with all the climate change. Africa is expected to have a growing percentage of the population 

living as it might be doubling from now to 2050 which means that there will be a housing shortage 

all over the continent. 

The primary aim of climatic construction is to achieve comfortable living conditions 

(temperatures, humidity, luminosity, ventilation, etc.) by employing designs that are appropriate 

for the environment and natural resources of the construction project's geographical area. The 

incorporation of renewable energy is often seen as an asset of green and climate-friendly 

constructions. 

We are currently faced with the task of planning the necessary infrastructure for bioclimatic 

construction and the development of new eco-friendly materials produced by researchers over the 

last few years. Despite the significant opportunities in terms of human and natural capital in Africa, 

there is a shortage of regulations and standards. 



As a result, these practices remain traditional or artisanal, and they can be expensive in 

certain cases where laws pertaining to traditional products are enforced. 

 

 
 

In such circumstances, there is a high need for conservation of energy. A comfortable and 

affordable building space is needed using the procedures that are required. In Morocco, alongside 

with AMEE (Agence Marocaine pour l'Efficacité Energétique Starting with CDER (Centre de 

Développement des Energies Renouvelables) in 1982, it has changed to the national agency for 

the development of the renewable energies in 2010( ADEREE), which changed finally to AMEE 

that is considered as the fruit of all the precedencies). It is an agency that sets as a goal the reduction 

of the energy consumption while focusing more on the use of renewable energies rather than 

importing for instance electrical energy from Spain with a load amount of money (8.6$bn in 2018 

and it was reduced in 2019 by 7.2% as it went down to 8$bn). Morocco has been importing almost 

90% of its energy needs according to the Moroccan ministry of energy as it has been increasing 

by 5% the year starting from 2004. The agencies such as the Moroccan Agency for Sustainable 

Energy (MASEN Created in 2010, MASEN is a privately owned Moroccan company that has a 

public funding and had as an objective to install a minimum of 2000 MW by last year (2020). 

This company strikes for diminishing the country’s dependence on fossil fuel and orienting all the 

efforts toward generating clean energy from renewable resources. The (ONEE: Founded officially 

in 1963 with the abbreviation ONE (Office National de l’ Électricité), it has been regrouped with 

the ONEP(Office National de l’Eau Potable) that was founded in 1972 and changed to the ONEE 

in 2010) had a convention with (MASEN) set as an ultimate goal to secure more than 50% of the 

country’s energy mix from renewable sources by 2030 allowing a broad range of job opportunities 

and solving environmental issues related to CO2 emissions coming from burning of fossil fuels. 



 

 

 

 

Morocco’s energy mix is presented as follow in the last decade: (U.S energy Information 
 

 

Administration 2021; Morocco energy situation 2021) 

 

 
• Oil (67.6% of TPES) 

 
 
 

• Coal (16.1% of TPES) 

 
 
 

• Biofuels and waste (7.4% of TPES) 

 
 
 

• Natural gas (5.7 % of TPES) 
 

 
 

Figure 1 Morocco’s Energy Mix 



 

 

 

 

 

 

 

This shows that 67.6% of TPES is oil. Morocco mainly aims to reduce its energy imports from 

other countries as it costs a lot while only 29.2% of TPES is coal, biofuel and gas, and natural 

gas. 

Morocco needs to rely on itself in order to produce energy using the renewable energies system. 

 

 
Concerning the Power consumption by sector: 

 

 

 

 

▪ Industry Sector (33%) 

 
 

 
▪ Households (36%) 

 
 

 
▪ Services (19%) 



 
 
 
 

 

Morocco’s energy consumption: 
 

 

 

 

 

Most of the energy consumed in Morocco is exported from foreign countries (Spain 

especially for the electrical one as we were having a poor renewable energy system). This energy 

consumed in Morocco reaches at least 36% in the residential sector, which makes it so expensive 

for the country as these expenses could be avoided with the right use of renewable energies. 

Compared to other developed countries such as the United States of America, 21% of the energy 

consumption is accounted for the Household sector. A gap of 15% is considerable knowing that 

other sectors could benefit more from this energy. 

The aim of this project is to reduce the energy consumption as much as possible in order 

to spend less money in energy and have enough budget for other sectors. (Energy data facts 2021) 

2- STEEPLE ANALYSIS: 



 

a. Social Implications: 
 

 

The project of incorporating phase change materials into buildings will benefit the 

Moroccan society in general. Citizens suffer from the costs of burning wood, gas or oil to heat 

their houses in harsh weathers (which can represent a great danger on their health: inhaling toxic 

gases which can lead to respiratory illnesses…). They also suffer from high costs of cooling 

systems during hot summers. In addition, through this kind of projects, citizens will be taught the 

importance of energy savings inside the construction sector on both their economy and the 

environment. 

b. Technological Implications: 
 

 

The level of innovation exceeds the expected as green buildings will be beneficial for both 

long and short term. The house will be economical, durable and comfortable to live in, in terms of 

thermal acoustic and aesthetic comfort and allowing multiple uses (Better performance and more 

ecologic than normal houses). 

 

 

 

c. Environmental Implications: 
 

 

The environmental factors not only study the positive impact of the project on the 

environment but they also study the negative ones. We are concerned here with only good and 

positive impacts; the project will reduce energy consumption and more specifically electrical 

consumption used for heating and cooling of houses. Fits perfectly for the environmental policies 



and climate changes as it all turns about bioclimatic buildings that are meant to propose the perfect 

climate in places where there are high temperatures just like the Sahara in Morocco. 

 

 

 

 

d. Economic Implications: 
 

 

Economically speaking, for the Moroccan market, the prices shouldn’t be higher and of 

course the aesthetic part of the house varies with the budget but we can have almost the same 

output with low budgets if we are targeting the Moroccan users in the Sahara. New work 

opportunities and employability of youths that live in rural areas and that are more in the green 

constructions sector. 

 

 

 

e.Political Implications: 
 

 

The project goes along with the country’s vision of sustainable development. Research on 

how to decrease energy consumption is encouraged and many projects are launched to achieve this 

goal. Transforming regular houses into sustainable ones that would supply themselves is a huge 

push to the energy sector in Morocco. As the locals will be involved, the place will gain 

economically but also; more stability will reign and less corruption will follow with the 

involvement of everyone. There will be political stability as well since all of this is ethical and 

legal but more importantly beneficial for the users and the locals. 



 

f.Legal Implications: 
 

 

The legal aspect would be concerned with tax policies related to buying materials or other, 

employment laws and environmental regulations. So far, the project should obey to all existing 

policies and regulations and shall not break any governmental legalities. Concerning health, 

bioclimatic buildings are built using green components and are made in order to increase the 

performance and the comfortability and at the same time fit the needs of locals either in The Sahara 

or not. 

 

 
 

g. Ethical Implications: 
 

 

It is known by all that ethics represent a set of morals and values that are made in order to 

direct operations in decision making. As student carrying this project, I am certifying the citation 

of all sources used to build up my work. Also, if the project could be realized in a future stage, 

people involved would be shared with all necessary information in a transparent manner and 

following integrity. Ethically speaking, the norms imposed by the Moroccan law will be fully 

respected just like the normal houses are built since there is no difference in the process making 

except from the performance and the effectiveness for the locals and the users of these houses. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2- Environmental context: 
 

 

 

 

Saharan countries such as Morocco, Algeria, Tunisia and Libya are facing a huge need in 

the Saharan part of the country as it is unlivable with the heat conditions. 

 

 
 

The Sahara desert in the south, the Atlas Mountains in the west, and the Nile River and 

delta in the east are the three major geographical features of North Africa. The Atlas Mountains 

cover a large portion of northern Algeria, Morocco, and Tunisia. 

The Sahara desert that is the largest desert in the world consists 75% of the world. It 

occupies the southern parts of Algeria, Morocco, and Tunisia, as well as a huge part of Libya. 



The southern part of Morocco is the one we are targeting as they are facing problems with 

the cooling system since it is more difficult than heating . We might be using heat pumps as a 

cooling mean or air conditioners for instance, but proper insulation with the use of energy efficient 

doors, windows and walls with proper materials will allow homes to keep cool using a low amount 

of energy. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Figure 3 North African Region map 

Global warming is expected to have severe and earlier consequences for Africa. 

Considering this challenge, it is mandatory to study the best sustainable design and construction 

examples from warm regions around the globe. 

This means that in Africa there is a lack and obviously a need of African Design and 

building materials. It can be automatically concluded that the bioclimatic approach is a way out 

for the African continent. These ideas are already applied in a few places such as Senegal as they 

lower the energy used that shows that the houses can still be cool in hot temperatures. Giving an 

example of the Saharan silver ants will clarify the idea. Ants have an optical reflection but more 

importantly radiative heat dissipation capability which allows them to stay cool under the sun. 

In Senegal, a west African country known for its Sahara and the high temperatures, only a 

few live in the Sahara as it is estimated to contain 2.5 million inhabitants that means less than one 

inhabitant per square mile (almost 2.59 km squared per person), which is a waste for the country 

and its area knowing about the ageing problem and also the overcrowding that is expected to 

happen in the future years in Africa. 

Senegal is in the westernmost cape in Africa and is known for the Sahelian region which 

is a transition in the African continent between the Sahara in North Africa and the Sudanian 

savanna that is in the south of the continent. They have conducted studies and have started by 

building bio climatic houses in Sahelian regions. 



 
 

 

 

 

Figure 4 Bio climatic building in Senegal 

 

 

 

 

 

 

 

 
We can use local materials from geological origins or we can use local materials from vegetal 

origins or animal origins or other green materials. 

3- Materials 
 

3-1-Local materials from geological origins 
 

 

3-1-1-ADOBE (MUDBRICK) 

Mud bricks, one of the first construction methods, are unfired soil constructed from a combination 

of mud, sand, and water combined with a binding fiber, mostly straw. 

 

 
It is traditionally crafted by hand in a wooden mold. The bricks are then allowed to dry in the 

open air. 



 
 

Figure 5 ADOBE 
 

 

3-1-2-Earth plaster 
 

 

Earth plaster is just sand and clay (with chopped straw if desired) combined in the right 

proportions to avoid cracking. This wall covering would be hard, sturdy, and stunning if 

correctly blended and applied. Earth plaster can also be used on exterior walls in certain areas 

and can potentially survive for seven to ten years or longer without any maintenance. 
 

Figure 6 Earth Plaster 

 

 

 

3-1-3-Rammed earth 

The rammed earth technique entails compacting layers of soil within temporary 

formworks to the desired level, resulting in walls ranging in thickness from 30cm to 60cm. 

The earth mixture is compacted into layers of around 7.5cm to 15cm using a rammer, 

inserting a new formwork above as one is finished, before the appropriate height is reached, 

at which point the formworks can be removed. Metal formwork and pneumatic compaction 



equipment are used nowadays. In certain cases, the soil must be stabilized with additives 

such as cement or lime to ensure strength. (Fernando Á, Esther P, Rafael G, 2021) 
 

Figure 7 Rammed earth 

 

 

3-1-4-Compressed earth block 
A compressed earth block is a kind of building material made of wet soil that has been 

compressed at high pressure in molds using a small pestle or a press. 

 

 
One of the most popular earthen construction methods is the use of compressed earth blocks. The 

earth's compaction increases the appearance and mechanical performance of the blocks. 
 

Figure 8 Compressed Earth Block 

 

 

 
 

3-1-5-Natural Stone/Rock 
Natural stone or rock is a material often used in partitioning due to its incombustibility. Its 

extraction and processing do not necessitate a large amount of resources. Stone structures 

may be rebuilt or converted while remaining comfortable. The stone absorbs calories and 

eventually releases them, which explains its high inertia. However, depending on the rock's 



composition (Magmatic, Sedimentary, or Metamorphic), its thermal insulation properties are 

uninteresting. (Ehrlich, 2021) 
 

Figure 9 Natural Stone 

 

 

 

 

3-2-Local materials from vegetal origins 
 

1- Cob 
The cob is a building technique that involves forming clay balls that are then stacked and 

compacted directly by hand to shape a wall without the need for formwork. The wall is then 

smoothed with a sharp tool.Cob buildings can be rebuilt today, although the method is no 

longer commonly used. 
 

Figure 10 Cob 

 

 
2- Straw Construction 



Straw is the dry and dead stems that remain after harvesting a grain of cereals such as wheat, rye, 

barley, and so on, besides oats. Compressed wheat straw is used in manufacturing. It is regarded 

as a strong thermal insulator. Straw has sound performance and regulates the humidity of interior 

spaces while ensuring the breathing of the material. In terms of implementation, straw bales are 

implemented by a filling phase inside a wood structure matrix. Straw, on the other hand, may be 

used as an ingredient in unfired clay bricks and plasters. 
 

 

 

 

 

 

Figure 11 Straw Construction 

 

 

3- Bamboo 
 

 

 

 

Bamboo is a very solid and durable fiber. It is used in the construction of partitions and floors. 

Bamboo is adapted to all conditions, allowing it to be cultivated and used on almost every 

continent. This material is ideal for building due to its lightness as well as its resistance, which is 

8 times greater than that of wood, with maximum pressures of 40kg / mm and 5 kg / mm, 

respectively. (Guillaume Gamon, Philippe Evon, Luc Rigal, 2013) 
 



Figure 12 Bamboo 

 

 
4- Hempcrete 

Hemp is combined with lime sand or pozzolans and used as a building and insulation material. 

Hempcrete, when shaped into prefabricated blocks, has a high vapor permeability. It is regarded 

as a carbon negative substance due to its ability to absorb CO2 from the atmosphere when rising. 

The exterior of a hempcrete-based structure necessitates water protection using plaster. 

 

 

 

 
 

 

 
Figure 13 Hempcrete 

 

 

 

 

 
5- Paper 

 
 

Paper can be recycled and used as a building material. The substance is made of shredded paper 

and a sodium silicate gluing agent, which acts as a flame and moisture protector. Under high 

pressure, the mixture is compressed. The new composite has two major advantages: it is easy to 

assemble and can be molded into a variety of shapes. It may also be used also as a “Paper Crete” 

by adding Portland cement. 



 
 

Figure 14 Paper 

 

 

3-3Local materials animal origins 

1-Wool 

Wool is a very stable and efficient thermal and acoustic insulator. Sheep wool insulation is a 

comparatively well- developed market in Western Europe that is beginning to gain popularity. 

Depending on the maker, it comes in coils of batts or ropes of varying sizes. Wool batts are about 

50mm to 100mm thick. It can be used in all elements of a building, but it costs more comparing to 

the conventional fiberglass insulation. 
 

Figure 15 Wool 

 

 

 

 

 

 

3-4-Other materials that can be used: 



The bio climatic building elements can differ from a budget to another. The most effective 

elements to use in order to satisfy perfectly the needs of the users are: Green bricks, green concrete, 

high performance windows, green house floor, therma-tru fiberglass doors… 

First, the thermal conductivity of a material is its ability to conduct heat. The thermal conductivity 

 

(k) indicates the quantity of heat (in W) that passes through per m2 of surface area 1 meter 

thickness of this 

 

 

 

 

material for 1 K temperature difference (∆𝑇) between the outer surface and the inner surface . It is 

expressed in W/m.K. 

To calculate it we need to multiply the amount of heat transferred in Joules/watts (or seconds) 

with the distance between the two isothermal planes divided by the area of the surface times the 

difference in temperature. The material is considered good insulator when the value of K is low. 

The thermal conductivity main relationship is: 
 



 

 

 

 

 

Figure 16 Thermal Conductivity Relationship 

Green bricks have low thermal conductivity so that houses keep cool in summer and warm in 

winter. 

 

 
Special Insulating bricks are sometimes required for thermal insulation in structures. 

 

 
Common red bricks have a thermal conductivity of 0.6 Wm-1K-1. For insulating bricks, the value 

is even lower than 0.15 Wm-1K-1. (Alam, T. 2021) 

 

 

 
Green Concrete: For the green concrete, its thermal conductivity varies with its density. A 

higher density will automatically result in higher thermal conductivity. Its thermal conductivity 

reaches 0.8 Wm-1K-1. The conductivity of concrete is known generally to decrease when the 

temperature increases. This happens with the loss of pore water and the dehydration of cement 

paste. 

 



Figure 17 Green Cement 

Green house floor can be built using Green concrete as well. 

 

 
A polyurethane foam core that has a high proportion that reaches up to 90% of non- 

connected micro cells Therma-Tru fiberglass doors have a solid polyurethane foam core which is 

among the most energy- efficient door materials available today. This has to be a bit expensive for 

the users that are targeted as it reaches at least 450 dollars. 

 

 
Figure 18 therma tru door 

 

 

 

 
Steel doors can be used instead with heat resistant paint while covering the door handle as well. 

 

This is what Saharan people are using as doors in order to reduce the thermal conductivity. 

 

 

 
Steel doors can be used instead with heat resistant paint while covering the door handle as well. 

 

This is what Saharan people are using as doors in order to reduce the thermal conductivity. 



 
 

Figure 19 Steel Door Used in The Saharan region 

 

 

 

Energy-efficient glass: Most Therma-Tru decorative, as well as privacy and textured, glass is 

tripled or doubled for reduced heat flow. As we might know, the glass’s thermal conductivity is 

at 0.8 Wm-1K-1 . 

In order to lower more the thermal conductivity, we can double or triple the glass as shown in the 

figure below: 

 

 
Figure 20 Double and Triple glazing 

Effects of using these elements: 



The effects of using these elements in a bio climatic house are firstly and mainly the high 

thermal insulation as an insulated building can be consuming in general up to 30% of energy. The 

thermal insulation helps reduce heat profits in the summer and heat losses in the winter which says 

the energy demand for air conditioning. There are some fundamentals to take into consideration 

while considering building a house, and those fundamentals can be stated as follow: 

-Good Climate Study in the region 

 

 
-Orientation 

 

 
-Volume of the house 

 

 
-Protection of the capture of solar radiation in the summer period after the capture of it in Winter 

 

 

 
 

-Building shadows and its effects. 

 

 
Moving on to the results of the experimental set-up, having an insulation layer that is 

continuous helps avoiding heat losses in the building and automatically avoid thermal bridging 

(thermal bridging generally occur when there is a break in, or penetration of the building envelope 

“the components of the house” and that is an example of insulation). Thermal bridges can be 

caused by the junctions between the wall and floor, the junctions between the wall and roof. 



 
 

Figure 20 Thermal Bridging Concept 

 

 
The best way to avoid thermal bridging is to provide continuous insulation for the home's 

exterior. By choosing the right materials and efficient strategies, designing for continuous 

insulation can be done successfully and with confidence. The windows in our design will not be 

the weakest element in the building envelope, as more than 60% of the heating expense is due to 

the heat loss coming from the windows. This is why we will be doubling or tripling the glass in 

order to have a lower thermal conductivity as we will only be losing up to 25% in the cooling 

process and 50% at most in the heating process. The airtightness will also be taken care of by 

sealing all the joints between the different materials of the building. In this way, there are no 

unwanted air infiltrations in the building. ( Nourozi, B., Ploskić, A., Chen, Y., Chiu, J., & Wang, 

Q. 2020) 

This will automatically bring comfort and good hygiene, because of the good quality of the air 

that would be free of dust, dirt, pollen, and CO2. 

Moving on to the health sector, filtered air prevents the presence of dust and pollen, which 

reduces allergic reactions. The low concentration of CO2 and VOCs (found in products we use to 

build and irritate the eyes) reduces the feeling of tiredness, some ailments such as headaches, 

irritation in eyes, nose, throat, dryness of the respiratory system and some diseases. 



 

 

 

This will bring us Efficiency, sustainability and profitability because of the low energy 

consumption and, consequently, saving economically but also sustainable since the CO2 that 

ceases to emit a passive house of 350m2 in a year is equivalent to CO2 that absorb about 1,000 

trees in a year. 

 

 

 

 

 

 
These houses will fit perfectly in the Moroccan Sahara for instance as it has many profitable 

aspects: 

1. Durable: With a fixed life expectancy, you can withstand and avoid hard weather 
 

conditions( either a high temperature, too low…). 
 

2. Comfortable and modular: thermal efficiency but also aesthetic comfort with multiple 

uses (as we will see in the ARCHICAD part). 

3. Eco-responsible: we prefer the reduction of industrial materials and base our building 
 

using local materials in short circuit. 
 

4. Economical: As compared to concrete block constructions, sheet metal roofs, or cement 

block, reinforced concrete roofs, the consistency and price ratio is excellent, with a cost 

savings of 30 to 40%. 
 

5. Adapted to local economies: Using local labor and supplies in accordance with self- 

construction methods, construction costs are reinvested in local economies. 



Reproducible: simplified and standardized technique whose learning does not require school 

prerequisite and which only uses basic tools. 

The growing demand from different clients (rural, urban community) as stakeholders’ interest 

has been growing over the last years in the market shows that it is a reliable project to invest on. 

 

 
 

 

 
 

Figure 21 Bio climatic building in Senegal region 

 

 
BENEFITS OF THE BIO CLIMATIC BUILDINGS IN SAHARA: 

 
 
 

 

The development of the bio climatic market leads to important impacts in terms of quality of life, 

adaptation, and stability by providing Sahelian communities with access to solid, reliable, and comfortable 

constructions. The large earthen architecture's passive thermal performances (thermal amplitude clipping) 

are arguably its most remarkable asset. Thermal comfort is critical in these countries, which are among the 

poorest and hottest in the world, for "better life," adaptation, and health impacts. In addition to these effects, 

there is the convergence of regional economies and the training of young people (primarily from rural areas) 

and their employability in a promising sector (particularly during the long season dryness), both of which 



are critical factors. Local operator mobilization and infrastructure building should also be considered. 

Moroccans may also supply local materials, but they have real difficulties in funding the wages of the 

artisan and his staff, as well as some finishing materials (door, windows, screed...), which require a financial 

contribution of the order of 15 to 20% of the total cost of the project. This would allow more consumers in 

rural areas to invest in an eco-construction project by encouraging family mobilization and ensuring skilled 

labor wages. 



 

 

 

 

 

 

 

 

4- Building Bio Climatic House: 
 

4-1-Definition: 
ARCHICAD is  an  architectural BIM CAD software  for Macintosh and Windows developed  

by 

 

 
the Hungarian company Graphisoft. ARCHICAD provides  computer-aided  tools  for  

addressing all 

 

 
common elements of aesthetics and engineering in the entire construction phase of the built world, 

including houses, interiors, and urban environments. The bio climatic house is a graphic that we 

will be drawing in this software and we will go through the planning of the house’s surface and its 

rooftop that is considered important in some cases. 

For the plan of the house I have been using Archicad for the virtual building. Archicad is a 

software used by architects and engineers in order to develop plans and views before starting the 

building process. The plan below shows how the bio climatic building will be developed in The 

Saharian regions in North Africa. 

https://en.wikipedia.org/wiki/Building_Information_Modeling
https://en.wikipedia.org/wiki/Computer-aided_design
https://en.wikipedia.org/wiki/Apple_Macintosh
https://en.wikipedia.org/wiki/Microsoft_Windows
https://en.wikipedia.org/wiki/Hungary
https://en.wikipedia.org/wiki/Graphisoft


 

 

 
4-2-Plan 

Figure 22 Bio Climatic House Concept 



 
 

Figure 23 Bio Climatic House Plan 

 
 

1. The House plan is as follow: 
 

 

The surface of the house is at 25 meter squared. It has been divided to different parts 

 

 
The Bedroom’s surface is at 8 meter squared 

 

 
The Kitchen’s surface is at 3.6meter squared 

 

 
The Bathroom’s surface is at 4.1 meter squared 

 

 
The Living room’s surface is at 4 meter squared 



 

The walls are thickened using green bricks and green cement, they are at 0.6m of thickness. 

 

 
The house will be fully equipped so that the users and the Saharans can have a normal life in it. 

The plan above was made using ARCHICAD, with the thickness of the walls shown and all the 

details needed. 

4-3-Bio Climatic House Views: 
 

 

We built the bio climatic house in ARCHICAD using LUMION. Those are the results we got. 

The door has been built using wood, which is actually a good thermal isolator depending on the 

quality of the wood. The thermal conductivity of wood is relatively low because of the porosity of 

timber. Thermal conductivity declines as the density of the wood decreases. 

 

 

 
Figure 24 View of the house from the door 



 

In the concept created in LUMION software, the view from the door shows how the house can 

be constructed in the middle of the Sahara and have good living conditions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 25 View of the house from the left 

 

 
In the concept created in LUMION software, the view from the left shows that we made a 

window on the left of the house with double or triple glass that will allow a less heat flow which 

means less thermal conductivity as the region we will be implementing this idea in (bio climatic 

building) has a high temperature with a high average of sun per hours. The first window 

implemented will be in the sleeping room. 



The glass is doubled for the windows in order to have a low thermal conductivity for the users. 

This will allow the users to stay warm in the winter and cool in summer. The second window of 

the house will be in the kitchen in order to avoid leaving the cooking smell in the house and allow 

better quality of breathing inside the house. 

We can add solar panels in the top of the house, this will allow the users to save more energy. 

A solar panel generates energy by allowing photons, or light particles, to kick electrons away 

from atoms. Solar panels are made up of several smaller units known as photovoltaic cells. 

(Photovoltaic simply means they convert sunlight into electricity or heat) 

Solar panels are those devices which are used to absorb the sun's rays and convert them into 

electricity or heat. 

The price of the solar panel ranges from 500 dollars to 1000 dollars, which might look 

expensive at the beginning, but for the long term in the Sahara, it would benefit the user more than 

anything else. 

Its main functions are: 

 

 
• Solar Electricity. This is one of the solar energy applications that has gained a lot of 

 

momentum in recent years. ... 

 

• Solar Water Heating. Uses for solar energy extend to water heating systems. ... 

 
 

• Solar Heating. ... 

 
 

• Solar Ventilation. ... 

 
 

• Solar Lighting 



 

 

 

 

 

The inconveniences are that these solar panels do not work on every rooftop as the roof 

needs to be in perfect conditions before installing the solar panel as the installations can vary from 

a material to another. Having a solar panel wouldn’t be ideal if the user is about to move, but in 

the Saharan desert, the users would not be obliged to move. Buying panels can be expensive but 

worth it in the long term as it will reduce the costs and increase the benefits of using them. The 

problem is that one solar panel produces almost 290 watts(depending on the panel either 250 or 

290). In the Saharan desert in Morocco, taking Dakhla as an example we can get up to 8.3 hours 

on average of the year of sunlight during the day. (Sunshine & daylight hours in Dakhla, 2021) 

 

 
This means that the energy in a day can go up to 290*8.3=2407W, which is almost 2.5 

KWh per day. This means that in a month using one solar panel in the Saharan desert we can reach 

up to 2.5*31 77.5KWh per month using only one solar panel. 

In the month of May in Dakhla for instance, the hours of sunlight can reach up to 9.23 

hours per day which would bring more electricity and heating for one solar panel. 

For a small house like the one we built, that is the bio climatic building, we will not need more 

than 2 solar panels in order to cover for the electricity and the heating throughout the year. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5- PRE-ANALYSIS AND START UP (DESIGN BUILDER 

SOFTWARE PART): 
 

 

 

In this part of the design builder software, we will need first to know what are the three major 

heating transfer means by which energy can travel from outside of the bio climatic house to the 

inside. Our objective is to have a low thermal conductivity that would allow to live in appropriate 

conditions in Saharan regions. 

Design builder is an accurate modelling that goes through the design process which would 

automatically allow to go from concept to completion. It is an interface that will allow accurate 

performance with quantity while having a fast workflow. 

5-1-Heat Transfer: 
Heat transfer is the form of energy that flows from a body to another to the to a difference in 

temperature between these two bodies. There exist three means by which this energy travels: 



1. Conduction 

 

 
2. Convection 

 

 
3. Radiation 

 

 

 

1. Conduction: 
 

 

Conduction describes the interaction between energetic particles. In other words, it is concerned 

with the passage of electrons inside the body under investigation as well as the microscopic 

collision of the particles. Fourier's Law defines and quantifies this energy transfer as follow: 

 

 

 

 

 
2. Convection: 

 

Figure 26 Fourier’s Law of energy transfer 

 

 

The interaction of energetic particles is defined by conduction. In other words, it is concerned 

with both the movement of electrons inside the body under examination and the microscopic 

collision of the ions. This energy transfer is described and quantified by Fourier's Law: 



 

 

Figure 27 Heat Transfer Equation 
 

 

 

 

 

 

 

3- Radiation: 
 

 

“Thermal radiation is the transfer of energy between two bodies through electromagnetic 

waves. This form of energy transfer is shown by both bodies and does not need a medium for heat 

transfer. It has also been shown to occur in a vacuum.” 

The sum of energy radiated by a surface is defined by Stefan-law, Boltzmann's which is seen 

in the following equation: 

 

 
Figure 28 Stefan-Boltzmann’s law 

The emissivity in the equation characterizes the materials ability to radiate energy in 

comparison to a perfectly radiating black body. The value can range from 0 (non-radiating body) 

to 1 (black body). 



 
 

Figure 29 The three heat transfer methods 

 

 

 

 

 

 

 

 

 

 

 
5-2-Bio Climatic House in Design Builder 

 

 

We start first by building the house going through the first steps: 
 

 

 
Figure 30: 2D Plan 



We add a roof on top of the house. 

In our application, the materials that are going to be used are green materials. 
 

Figure 31: Roof on Top of the House 

After moving to plan (the two dimensional bloc), we will be planning and dividing the house into 

four parts as we will see after 
 

Figure 32: Zoning 



 
 

Figure 33: Interior Plan of the House 

 

 
As we can see, we have divided the house into 4 parts that are: bedroom, bathroom, living room 

and the kitchen. 
 

Figure 34: View of the House from the Outside 

 

 
After adding the windows, we will be double glazing them using argon instead of air since the 

argon is twice as much efficient as the air. 



 
 

Figure 35: Double Glazing Using Argon 

 

 
The results of the double glazing are shown down below: 

 

Figure 36: Results of The Windows from the Outside 

Now, we will be changing the material of the wall as we will be having brick air that has 

a thermal conductivity of 0.0884 W·m−1·K−1 with a concrete block ( we mentioned before its 

thermal conductivity) and uf foam insulation which has a thermal conductivity that ranges 

0.0343 to 0.0373 W m−1 . 



 
 

Figure 37: Wall Components 

We built the entrance door in the living room zone 
 



Figure38 : Door of The House 

 

 

 
Figure 39: Solar Path without Shadow 

 

 
The figure below demonstrates how the solar path looks with the shadow. 

 

Figure 40: Solar Path with Shadow 

 

 
Here is the visualization in video of the solar path throughout the whole year. Instead of Pivot, we 

choose the OMBRAGE POUR JOUR DE CONCEPTION part with a 1h shadow time 

incrementation (incrément de temps de l’ombrage). 



The sun path is very important for a building since it can help reduce both cooling and heating loads. 
 

Figure 41: Conception de Chauffage Analysis 

 

 
Defining the Difference Between Radiant and Air Temperatures: 

The ambient air temperature represents the normal air temperature in the home, while the mean 

radiant temperature represents the total radiant heat gain and heat loss in the home. 

Operative temperature is a measure of human’s thermal comfort. 

 

 
A good radiant temperature ranges from 18 to 27 degrees, and here we have 18 degrees which 

means that it is good. 

 

 
Normally, a good air temperature does not exceed 22 degrees, and here we have it at 21 degrees. 

As for the operative temperature, a good one ranges from 13 to 30, and in our case we have 20. 



 
 

 

Figure 42:Conception de Chauffage Report 

 

 
Here, we can see the temperatures in each zone of the bio climatic house as they all range from 

20.10 to 

20.31 degrees. 

Heat loss in each bloc (bedroom, kitchen, bathroom, living room) does not exceed 0.52 while 

Puissance thermique goes up to 0.65. 

Heat loss is the reduction of heat in space caused by heat transmission via walls, roofs, windows, 

and building surfaces. We determine heat loss by multiplying the area values, the temperature 

difference between the inner and outside surfaces, and the material's heat loss value. It’s 

relationship is Q=U*A*ΔT. 
 



Figure 43: Conception de Climatisation Analysis 
 

 

 

 
 

Figure 44 : Conception de Climatisation Report 

 

 
Here below is the simulation on the whole year. 

 

Figure 45: Analysis Simulation of The Whole Year 



We choose to have a small bio climatic house with good planning inside of the house in order to 

see the results while using good material in Ouarzazate region. 
 

Figure 45: Building Area and Energy Conversion Factors 

Here are results of the report of our Project with the site and source energy and also site to source 

energy conservation factors. 
 

Figure 46: Results of The Report on Energy sources 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6. Conclusion 
 

 

 

 

To conclude, my capstone project’s main purpose was to investigate the efficiency of using 

bio climatic buildings in Moroccan Sahara using green components in buildings that will allow to 

keep cool in summer and warm in winter. To do so, we have created a plan with the views of the 

house from different angles for the house using ARCHICAD and LUMION. Also, we conducted 

thermal analysis using Design Builder software to know if the bio climatic buildings will be a 

successful project in the Moroccan and North African territory in general. The results turned out 

to be compatible with the experimental results. This confirms that we can live in a house in the 

Saharan territory without facing any living difficulties with good temperature and low thermal 

conductivity. The analysis that we went through could be replicated in other Saharan territories 



either in North African countries (Morocco, Algeria, Tunisia, Libia, Sudan, Egypt) or Saharan 

countries both in and outside of Africa. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

7. Table of Figures 
 

 

 

 

 

Figure 1, Morocco’s Energy Mix 

 
Figure 2, Morocco’s Energy Consumption 

Figure 3, North African Region Map 

Figure 4, Bio Climatic Building in Senegal 

Figure 5, Adobe 

Figure 6, Earth Plaster 

Figure 7, Rammed Earth 

Figure 8, Compressed Earth Block 

Figure 9,Natural Stone 



Figure10, Cob 

 
Figure11, Straw Construction 

Figure12, Bamboo 

Figure 13, Hempcrete 

 
Figure14, Paper 

Figure15, Wool 

Figure16, Thermal Conductivity Relationship 

 
Figure 17, Green Cement 

Figure18, Therma Tru Door 

Figure19, Steel Door Used in The Saharan Region 

Figure20, Double and Triple Glazing 

Figure 21, Bio Climatic Building in Senegal Region 

Figure 22, Bio Climatic House Concept 

Figure 23, Bio Climatic House Plan 

Figure 24, View of The House from The Door 

Figure 25, View of The House from The Left 

Figure 26, Fourrier’s Law of Energy Transfer 

Figure 27, Heat Transfer Equation 

Figure 28, Stefan Botzmann’s Law 

Figure 29, The Three heat Transfer Methods 

Figure 30, 2D Plan 

 
Figure 31, Roof on top of The House 

Figure 32, Zooning 



Figure 33, Interior Plan of the House 

Figure 34, View of The House from the Outside 

Figure 35, Double Glazing Using Argon 

Figure 36 , Results of The Windows from the Outside 

Figure 37, Wall Components 

Figure 38, Door of The House 

Figure 39, Solar Path Without Shadow 

Figure 40, Solar Path Without Shadow 

Figure 41, Conception de Chauffage Analysis 

Figure 43, Conception de Chauffage Report 

Figure 44, Conception de Climatisation Analysis 

Figure 45, Conception de Climatisation Report 

Figure 46, Results of The Report on Energy Sources 



 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

8. List Of References 
 

 

 

 

 

1. 10 advantages of building a house with Bioclimatic architecture. (n.d.). Retrieved May 
 

03, 2021, from 
 

2. Fernando Ávila, Esther Puertas, Rafael Gallego. “Characterization of the mechanical and 

physical properties of unstabilized rammed earth: A review” Construction and Building 

Materials, Volume 270, 8 February 2021, 121435 

 

3. BuildingGreen, Inc.: https://www.buildinggreen.com/feature/stone-original-green- 
 

building-material 
 

4. Guillaume Gamon, Philippe Evon, Luc Rigal. Twin-screw extrusion impact on natural 

fibre morphology and material properties in poly(lactic acid) based biocomposites. 

Industrial Crops and Products, Elsevier, 2013, vol. 46, pp. 173-185. 

ff10.1016/j.indcrop.2013.01.026ff. ffhal-00790824f 

5. Alam, T. (n.d.). Tahsina Alam. Retrieved May 03, 2021 

 

 
6. Corporativa, I. (n.d.). Bioclimatic architecture, buildings that respect the environment. 

https://www.buildinggreen.com/feature/stone-original-green-building-material
https://www.buildinggreen.com/feature/stone-original-green-building-material


 

Retrieved May 03, 2021 

 

 
7. Morocco energy situation. (n.d.). Retrieved May 03, 2021 

 

 
8. Nourozi, B., Ploskić, A., Chen, Y., Chiu, J., & Wang, Q. (2020, October 10). Heat 

transfer model for energy-active windows – an evaluation of efficient reuse of waste heat 

in buildings. Retrieved May 03, 2021 

 

9. Sunshine & daylight hours in Dakhla, Western Sahara. (n.d.). Retrieved May 03, 2021 

 

 
10. Thermal mass. (n.d.). Retrieved May 03, 2021 

 

 
11. U.S. energy Information administration - eia - independent statistics and analysis. (n.d.). 

 

Retrieved May 03, 2021 

 

 

 

 

 

12. Effective thermal conductivity of hollow bricks with cavities filled by air and expanded 

polystyrene 

13. Pavlík et al. - Journal of Building Physics – 2013 

 

 
14. THE EXPERIMENTAL STUDY ON THE INFLUENCES OF COVER CONCRETE 

PROPERTIES ON ELECTROCHEMICAL MEASUREMENTS 

15. SOMEYA et al. - Journal of Japan Society of Civil Engineers, Ser. E2 (Materials and- 

Concrete Structures) – 2018 

16. Ehrlich, B. (2021, March 24). Stone, The Original Green Building Material. 

BuildingGreen. 



 


