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ABSTRACT 

 

The construction industry is Morocco's second-largest energy consumer, accounting for over 

25% of total primary energy consumption. This sector also accounts for about a third of all 

greenhouse gas emissions.  It is therefore critical to investigate the energy performance and 

consumption of this field that is in a continual improvement and to encourage the construction 

of new buildings by introducing passive systems that are adapted to our climate and in 

accordance with the Thermal Regulations of Construction in Morocco, as well as the use of 

digital twins, which is the main idea of our project. This study serves as a case study on energy 

efficiency in residential structures in a cold environment that corresponds to the national 

territory's climatic zone 4. Digital twins are offered as a new technology-driven advancement 

to assist in the design, construction, and operation of built structures. Studies exploring their 

involvement in the digitalization of asset delivery, including the management of buildings at 

various levels within the construction and infrastructure sectors, have begun. However, there 

are still several unknowns about their practical uses and implementation challenges, such as 

integrating them with other digital technologies. This research examines the concepts and 

characteristics of a digital twin, as well as its interactions with other digital technologies used 

in the built environment. After studying three different cases: the base case, the rockwool case, 

and the unfired clay bricks case, the results were able to prove that the renovation case N° 1: 

using rockwool is better than our base case, which helped decrease the energy needs from 

9173.74 kWh/year to 5132.02 kWh/year for the heating and from 6243.23 kWh/year to 1123.02 

kWh/year for cooling. In other words, using the renovation case number 1, we will be able to 

save a total of 9161.93 MAD. 

Keywords: Digital Twin, Building Information Management, Construction, Thermal Analysis, 

Revit, Binayate. 
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RESUME 

Le secteur de la construction est le deuxième plus grand consommateur d'énergie au Maroc, 

représentant plus de 25 % de la consommation totale d'énergie primaire. Ce secteur est 

également responsable d'environ un tiers de toutes les émissions de gaz à effet de serre.  Il est 

donc essentiel d'étudier la performance et la consommation énergétique de ce domaine en 

constante amélioration et d'encourager la construction de nouveaux bâtiments en introduisant 

des systèmes passifs adaptés à notre climat et conformes à la Réglementation Thermique de la 

Construction au Maroc, ainsi que l'utilisation de jumeaux numériques, ce qui est l'idée 

principale de notre projet. Ce projet sert de cas d'étude sur l'efficacité énergétique dans les 

structures résidentielles dans un environnement froid qui correspond à la zone climatique 4 du 

territoire national. Les jumeaux numériques sont proposés comme une nouvelle avancée 

technologique pour aider à la conception, la construction et l'exploitation des structures bâties. 

Des études explorant leur implication dans la numérisation de la livraison des actifs, y compris 

la gestion des bâtiments à différents niveaux dans les secteurs de la construction et des 

infrastructures, ont commencé. Cependant, plusieurs incertitudes subsistent quant à leurs 

utilisations pratiques et aux défis de leur mise en œuvre, comme leur intégration à d'autres 

technologies numériques. Cette recherche examine les concepts et les caractéristiques d'un 

bâtiment utilisant le concept du jumeau numérique, ainsi que ses interactions avec d'autres 

technologies numériques utilisées dans l'environnement bâti. Après avoir étudié trois cas 

différents : le cas initial, le cas de la laine de roche, et le cas des briques en terre crue, les 

résultats ont pu prouver que le cas de rénovation N° 1 est le meilleur, ce qui a permis de 

diminuer les besoins énergétiques de 9173,74 kWh/an à 5132,02 kWh/an pour le chauffage et 

de 6243,23 kWh/an à 1123,02 kWh/an pour le refroidissement. Autrement dit, en utilisant le 

dossier de rénovation numéro 1, nous pourrons économiser au total 9161,93 MAD. 

Mots-clés : Jumeau numérique, gestion des informations sur le bâtiment, construction, 

analyse thermique, Revit, Binayate. 
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INTRODUCTION: 

We live in an era where technology is progressing at an alarming rate and where the emergence 

of the concept of "digital twin in buildings" is among the concepts at the forefront of this. The 

concept itself of a digital twin is not a new topic. Although it is widely used in computer 

simulations in industries such as manufacturing, aircraft, and automobiles, its application to 

building design is a relatively new concept. Because the technology may cover the whole 

lifecycle of a building, it provides organizations with a powerful analytical tool for 

comprehensively examining key performance indicators and identifying opportunities for 

improvement. The topic of the capstone project we picked is "creating digital twins," and it will 

include four major chapters: literature review, frameworks and strategies for digital twins in 

building design and operation, taking Ifrane as our case study, thermal modeling of a residential 

building and evaluation of its energy performance, and future work that can be done using 

Microsoft Azure. 

The Main Objective of the Project:  

The primary goal of this project is to construct a home in Ifrane, more specifically at Al 

Akhawayn University. The site of the house as well as the design of the house should be 

determined and drawn. Furthermore, the thermal study of the house should be completed, and 

the finest renovation materials should be selected. Finally, future work and possible extensions 

of the work already done should be mentioned by the end of this report, along with some 

directions. 

The goal of this project is to increase the energy efficiency of building and include technology 

to facilitate the flow of people’s daily life. 
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CHAPTER I: LITERATURE REVIEW 

1. Steeple Analysis  

STEEPLE analysis (also known as PESTLE) is a project planning technique that allows for a 

broad understanding of the external macro-environment in which a firm operates. Its goal is to 

provide a feasibility analysis by examining the work's effects on several domains. In order to 

do so, the STEEPLE analysis considers seven factors: Social, Technological, Ethical, 

Economic, Political, Legal, and Environmental. 

1.1. Social: 

Implementing such a project would enable us in making better knowledgeable and long-term 

decisions for our community. As a result, we will be able to produce higher-quality buildings 

with greater insulation, stronger fire safety regulations, and lower carbon emissions from the 

building's energy consumption.1 (Asite et al., 2021) 

1.2. Technological: 

The main technological impact of Digital Twin is that it contributes in the reduction of 

manufacturing downtime and delay. Digital twins are a strategy for tracking and recording an 

asset's performance through time in order to forecast its future and address concerns before they 

occur.1 (Asite et al., 2021) 

1.3. Ethical 

Because this initiative is primarily for the benefit of mankind and the environment, it is 

governed by ethics. Except for one factor: data security, which is why this project should take 

all necessary precautions to prevent data leakage as it should stay confidential. Furthermore, 

this project aims to preserving the earth's resources by reducing energy usage that is under our 

control.1 (Asite et al., 2021) 

 
1 https://www.asite.com/blogs/6-ways-digital-twins-can-change-the-world 

https://www.asite.com/blogs/6-ways-digital-twins-can-change-the-world
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1.4. Economic 

According to an article published in AI Multiple, the author Cem Dilmegani claimed that, the 

investment in the project is durable for the long term as users may optimize warehouse 

architecture and performance of buildings using digital twins. They may also utilize the 

technology to construct a dynamic distribution network based on location information.2 As a 

result, energy usage and expenditures will be reduced. The money saved might be put toward 

the growth of other departments that require upkeep. (Dilmegani, 2020) 

1.5. Political 

The project adheres to government laws and takes steps to reduce rising energy usage while 

also reducing reliance on conventional energy sources. It also takes into account the statement 

law, which prioritizes improving building efficiency and encourages the use of renewables. 

1.6. Legal 

According to an article posted in ABOU NAJA intellectual property blog, the author stated that 

due to their complexity, digital twins have significant legal consequences. There are various 

more aspects to consider in addition to the intellectual property rights arising from the digital 

twin design. In other words, digital twins serve as a backup for data from the physical twin.3 

The legal ramifications of data sharing and confidentiality have also created a legal dilemma. 

(Property & Naja) 

1.7. Environmental 

According to an article published in PreScouter, Jorge Hurtdo claimed that the use of digital 

twins will result in a decrease in worldwide energy consumption. Companies can also modify 

the way goods and services are created and delivered as a result of improved operational 

efficiency, such as the use or reuse of lighter, more durable materials, which results in energy 

 
2 https://research.aimultiple.com/digital-twin-applications/ 
3 https://abounaja.com/blogs/digital-twin-legal-implications 

https://research.aimultiple.com/digital-twin-applications/
https://abounaja.com/blogs/digital-twin-legal-implications
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savings an environment protection.4 (Hurtado, 2020). The figure 1 is a summary of the steeple 

analysis explained above.  

 
Figure 1: Steeple Analysis for Building Digital Twin 

 

2. SWOT Analysis 

SWOT divides the most critical internal and external elements into four categories: Strengths, 

Weaknesses, Opportunities, and Threats. The figure below (figure 2), is a brief description of 

the SWOT analysis. 

 

 
4 https://www.prescouter.com/2020/07/how-digital-twins-are-helping-repurpose-

sustainability-

values/#:~:text=Overall%2C%20the%20deployment%20of%20digital,carbon%20dioxide%20

emissions%20by%202030. 

https://www.prescouter.com/2020/07/how-digital-twins-are-helping-repurpose-sustainability-values/#:~:text=Overall%2C%20the%20deployment%20of%20digital,carbon%20dioxide%20emissions%20by%202030
https://www.prescouter.com/2020/07/how-digital-twins-are-helping-repurpose-sustainability-values/#:~:text=Overall%2C%20the%20deployment%20of%20digital,carbon%20dioxide%20emissions%20by%202030
https://www.prescouter.com/2020/07/how-digital-twins-are-helping-repurpose-sustainability-values/#:~:text=Overall%2C%20the%20deployment%20of%20digital,carbon%20dioxide%20emissions%20by%202030
https://www.prescouter.com/2020/07/how-digital-twins-are-helping-repurpose-sustainability-values/#:~:text=Overall%2C%20the%20deployment%20of%20digital,carbon%20dioxide%20emissions%20by%202030
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3. Figure 2: SWOT Analysis for Building Digital Twin 

 

3.1. Strengths 

Among the Digital Twin's strengths are Morocco's strategy toward digitalization and the adoption of 

manufacturing 4.0 concepts, as well as the development of a competitive digital ecosystem that fosters 

the transfer of digital 4.0 technologies through the integration of digital and industrial assets. and the 

creation of a center for digital transformation or AI training, as well as a master's degree program. 

3.2. Weaknesses 

Among the weaknesses of Digital Twin are concerns about cyber security and ROI. In addition to 

increased integration costs, as well as costs associated with infrastructure adaptation, inability to update 

websites and platforms dedicated to data exchange, and infrastructure that is insufficiently structured to 

support the integration of complex digital technologies. 
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3.3. Opportunities 

Various expert studies on emerging nations' digital maturity have been done, and several 

Moroccan subsidiaries or cooperation with notable digital technology businesses exist 

(Deloitte, Siemens, Schneider, IBM, etc.). 

3.4. Threats  

Among the threats to the Digital Twin are the need to improve the digital maturity of all 

industrial ecosystems, not just large firms, and highly restricted access to international scientific 

articles and databases. 

4. Definition: 
4.1. Different literary meanings of the concept "digital twin" 

No. Definition Authors 

1 According to (Batty, 2018), “a digital twin is a mirrored 

representation of a physical system that is articulated 

alongside the system in question, typically mirroring the 

functioning of the original system in real - time basis.” 

 
 
 
 

5
 

 

2 According to (Nath & Schalkwyk, 2021), “a Digital Twin 

is a synchronized example of a virtual pattern or design 

that represents an item throughout its life cycle and is 

adequate to suit the needs of a set of the use cases.” 

 

 

 

6
 

3 According to (Madni et al., 2019), “a digital twin is a 

virtual version of a real object that is constantly modified 

with input from the actual system's performance, 

maintenance, and overall health all throughout real 

object's lifespan.” 

 

 

 

7
 

4 According to (Zheng et al., 2018), “a digital twin is a 

collection of virtual data that completely defines a 

possible or actual physical item from the micro atomic to 

the macro geometric levels.” 

 

 

 

 

8
 

 

 

 

 
5  https://doi.org/10.1177/2399808318796416 
6 http://library.lol/main/AC719F29E7DFC0047F94E2D71AD4A801 
7 https://doi.org/10.3390/systems7010007 
8 https://doi.org/10.1007/s12652-018-0911-3 
 

https://doi.org/10.1177/2399808318796416
http://library.lol/main/AC719F29E7DFC0047F94E2D71AD4A801
https://doi.org/10.3390/systems7010007
https://doi.org/10.1007/s12652-018-0911-3
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4.2. Building Digital Twin: what, when, why, and how 

What When Why How 

A Digital Twin 

building is a virtual 

depiction of real-

world buildings that 

are synchronized 

with a certain level 

of realism. (Nath & 

Schalkwyk, 2021) 

Digital 

twin building can 

be used to portray 

the past, present, 

and forecasted 

futures. (Nath & 

Schalkwyk, 2021) 

Digital Twin buildings 

improve business by 

speeding holistic 

awareness, optimum 

decision-making, energy 

savings, ideal cost, and 

effective action. (Nath & 

Schalkwyk, 2021) 

Outcomes drive Digital Twins, 

which are adapted to specific 

use cases, driven by integration, 

based on data, and deployed in 

IT/OT systems (Information 

Technology/ Operational 

Technology). (Nath & 

Schalkwyk, 2021) 

 

Table 1: Digital Twin: What? When? Why? How? 

5. Origin of the Digital Twin Concept: 

The entire notion of "Digital Twin" began in 1991, when David Gelernter's book “Mirror 

Worlds” foreshadowed it. Then, in October 2002, at a Society of Manufacturing Engineers 

conference in Troy, Michigan, Dr. Michael Grieves publicly announced the notion as the 

theoretical model behind PLM (product lifecycle management), which was later followed by 

the University of Michigan in 2003. Grieves first called it the Mirrored Spaces Model (MSM); 

however, it wasn't until 2010 that NASA's John Vickers coined the term "Digital Twin" in a 

Roadmap Report after collaborating with Grieves on complex system product life cycle 

management. Since then, it has been embraced by a slew of additional organizations: NASA 

and the US Air Force both named DT as a key technology in 2012. Two years later, 2014, an 

informational document of DT, whitepaper, was released. In 2016, DT was applied for the first 

time in Industry 4.0 by Siemens, a technology company focused on industry, infrastructure, 

digital transformation, transport as well as transmission and generation of electrical power. 

Beihang University in China proposed DT a year later, in 2017. Last but not least, in 2018, 5D 

Digital twin model was proposed by Beihang University. The difference between 3D and 5D is 
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that the latter includes a timeline, which allows designers to see which projects will be created 

week by week, as well as an estimate that calculates the cost of each stage. The figure below 

(figure 3) is a timeline of the “Digital Twin” concept. 

 

Figure 3: Milestones of Digital Twin development 

6. Application of Digital Twin 

Because digital twins are such a novel idea in the building sector and in practice, there is 

currently a scarcity of research on their possible applications. The applications found are 

discussed in the subheadings below. 

6.1. Smart Cities 

Digital twins seem to have a variety of applications and use cases in smart city development, 

many of which are expected to be beneficial. For example, data collected from IoT sensors and 

incorporated in core city services may be utilized to develop cutting-edge AI algorithms that 

can be employed in digital twin-enabled city management applications910. (Wagner et al. 

 
9 https://doi.org/10.1016/j.procir.2019.04.219 
10 https://doi.org/10.1007/978-3-030-18732-3_1 

https://doi.org/10.1016/j.procir.2019.04.219
https://doi.org/10.1007/978-3-030-18732-3_1
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p.84,88-93, 2019, p; Kaur et al., 2019, p.3-17) This can lead to better traffic control, less 

congestion, and lower carbon emissions, all of which contribute to the growth of sustainable 

cities.1112 (Walters, 2019; Fuller et al., 2020) Buildings, roads, public services, logistics, people, 

and power grids are all examples of smart city networks that might benefit from data-driven 

decision-making employing DT13. However, the creation of city-level digital twins is still in its 

early stages, and improved integration of DT with related digital technologies (IoT, Industry 

4.0, Big Data, and so on)14 (Mohammadi & Taylor, 2017, p.1-5; Ruohomaki et al., 2018, p.155–

161) is needed. 

 

Figure 4: Application of Digital Twins in Smart Cities 

6.2. Design Decision Making 

Both Çıdık et al.15 and Rasheed et al.16 asserted that present BIM technologies cannot handle 

design development and improvement dynamism, making its usage useless. (Çıdık et al., 2017; 

 
11 https://www.cdbb.cam.ac.uk/news/monthly-paper-governance-city-digital-twins 
12 https://doi.org/10.1109/access.2020.2998358 
13 https://doi.org/10.1109/ssci.2017.8285439 
14 https://doi.org/10.1109/is.2018.8710517 
15 https://doi.org/10.1080/09613218.2017.1309767 
16 https://doi.org/10.1109/access.2020.2970143 

https://www.cdbb.cam.ac.uk/news/monthly-paper-governance-city-digital-twins
https://doi.org/10.1109/access.2020.2998358
https://doi.org/10.1109/ssci.2017.8285439
https://doi.org/10.1109/is.2018.8710517
https://doi.org/10.1080/09613218.2017.1309767
https://doi.org/10.1109/access.2020.2970143
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Rasheed et al., 2020) Ferguson et al.17 also demonstrated that digital design creation has limits 

when dealing with physical complications. (Ferguson et al., 2017) To boost performance and 

assurance, designs should be evaluated for several characteristics such as energy, thermal, 

lighting, acoustics, and indoor air quality. A two-way data flow between the design and relevant 

factors is required for optimal design decision making, necessitating a digital twin application18. 

A digital twin can be used to evaluate design concepts during the ideation process, discarding 

those that do not meet the design objective, client criteria, or other compliance checks.19 (Qi et 

al., 2018; Gopinath et al., 2019) Checking for compliance may involve checking for 

sustainability or local construction codes. Digital twins can help designers make better 

decisions by allowing them to evaluate design intent for usefulness and compliance. While it is 

claimed that digital twins may be used to test and assess design iterations against specifications, 

they lack a tangible asset to collect data from. As a result, there is a lack of clarity in the 

distinction between BIM and digital twin capabilities in these stated applications.20 (Steinmetz 

et al., 2018) 

6.3. Product Manufacturing 

The manufacturing industry has long used digital twins for autonomous product manufacture, 

leaner processes, predictive analytics, and continuous improvement to ensure that as-built 

improvements may be applied in upcoming components.21 The usage of DT allows for the 

creation of high-fidelity digital models, allowing for the fabrication of waste-free components 

and the enhancement of smart manufacturing processes. Additionally, the usage of DT will 

 
17 https://doi.org/10.1016/s0262-1762(17)30139-6 
18 https://doi.org/10.1016/j.procir.2018.03.103 
19 https://doi.org/10.1088/1742-6596/1228/1/012031 
20 https://doi.org/10.1109/sbesc.2018.00030 
21 https://doi.org/10.1016/j.procir.2018.03.103 

https://doi.org/10.1016/s0262-1762(17)30139-6
https://doi.org/10.1016/j.procir.2018.03.103
https://doi.org/10.1088/1742-6596/1228/1/012031
https://doi.org/10.1109/sbesc.2018.00030
https://doi.org/10.1016/j.procir.2018.03.103
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reduce the manufacturing of unneeded products and lead to more environmentally friendly 

building.22 (Qi et al., 2018; Qi et al., 2021)  

6.4. Real-Time Construction Progress Monitoring   

Digital twins can help digitalize construction site management by dynamically allocating 

resources and managing waste, and by simulating real-world circumstances, materials, 

apparatus, and even human behavior. According to Lavrentyeva et al.23, constant surveillance 

and monitoring of materials and human activities is vital, but the building sector lacks such 

surroundings.  Notable contrasts between BIM and digital twins include their capacity to 

connect real data sources. (Lavrentyeva et al., 2019) In contrast, a DT enabled configuration 

may handle such functionalities to assure real-time and continuous asset monitoring24. (Sacks 

et al., 2020) 

6.5. Facility Management 

According to Dixit et al., digital twins are widely used in building asset maintenance and 

operations.25 (Dixit et al., 2019) This is due to interoperability concerns and a development 

approach centered on supplying models for design26 and construction with minimal data for FM 

purposes.27 (Shafiq & Lockley, 2020; Khajavi et al., 2019) A DT built for FM (such as one 

based on COBie) will require different data than digital twins developed for other reasons, such 

as design and construction stages of an asset's lifespan. The data synchronization between the 

digital and physical twins may also vary depending on the function of the digital twin. For better 

data-driven asset operation and management, a DT is planned28. (Brilakis et al., 2019) 

 
22 https://doi.org/10.1016/j.jmsy.2019.10.001 
23 https://doi.org/10.1088/1757-899x/483/1/012019 
24 https://doi.org/10.1017/dce.2020.16 
25 https://doi.org/10.1108/f-03-2018-0043 
26 https://doi.org/10.1080/15623599.2020.1742630 
27 https://doi.org/10.1109/access.2019.2946515 
28 https://publications.cms.bgu.tum.de/reports/2020_Brilakis_BuiltEnvDT.pdf 

https://doi.org/10.1016/j.jmsy.2019.10.001
https://doi.org/10.1088/1757-899x/483/1/012019
https://doi.org/10.1017/dce.2020.16
https://doi.org/10.1108/f-03-2018-0043
https://doi.org/10.1080/15623599.2020.1742630
https://doi.org/10.1109/access.2019.2946515
https://publications.cms.bgu.tum.de/reports/2020_Brilakis_BuiltEnvDT.pdf
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7. Challenges of Digital Twin Technology 

7.1. Data Security and Ownership 

A key worry in web-based systems is cybersecurity. Insecure initiatives like government-owned 

assets or digital twins at the city level are particularly vulnerable to cyber-attacks such as data 

access29. (Brozovsky et al., 2018) Concerns around data privacy and ownership, as well as 

defining access levels and permissions, remain for digital twins. Assigned roles and duties 

should be defined, as should the data accessible constraints of the involved stakeholders30. 

(Madni et al., 2019) Even while security and ownership problems will have a tremendous 

influence on digital twin technology adoption, the CDBB says they will not significantly slow 

down the progress.31 (Walters, 2019) CDBB's security approach mandates that digital twins be 

safe by design in order to protect personal data and privacy, critical national infrastructure 

assets, economic interests and intellectual property and reduce risks associated with data 

aggregation.31 (Walters, 2019) 

7.2. Lack of Common Data Standards and Tools 

 

In order for digital twins to be developed and used, common data standards and interoperability, 

the capability of computer systems or software to exchange and make use of information, are 

essential. With regards to digital twins, there is currently no consensus on the various protocols, 

techniques, and processes that may be utilized to apply the innovation32. (Shao & Helu, 2020) 

A DT’s supporting technologies exacerbate this problem. In order to deploy DT operations, 

job-specific information storage, retrieval, and modification tools must be provided33. (Qi & 

Tao, 2018) Current technologies' inability to concurrently merge as needed by the digital twin 

 
29 shorturl.at/ouxJK 
30 https://doi.org/10.3390/systems7010007 
31 https://www.cdbb.cam.ac.uk/news/monthly-paper-governance-city-digital-twins 
32 https://doi.org/10.1016/j.mfglet.2020.04.004 
33 https://doi.org/10.1109/access.2018.2793265 

https://doi.org/10.3390/systems7010007
https://www.cdbb.cam.ac.uk/news/monthly-paper-governance-city-digital-twins
https://doi.org/10.1016/j.mfglet.2020.04.004
https://doi.org/10.1109/access.2018.2793265
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application is mostly due to disparate standards, formats, and protocol specifications. Digital 

twin deployment in FM is further hampered by the lack of uniform standards. Since everyone 

seems to agree on the importance of creating common standards and tools for DTs in the 

building sector, it appears that everyone is working toward achieving this goal34. (Re Cecconi 

et al., 2017) 

7.3. Diversity in Source Systems 

It is still difficult to integrate models with varying parameters, geographical values, and 

temporal scales into the DT. This limits the capacity to offer digital models that accurately 

represent physical assets35. Traditional database systems cannot handle the rising amount and 

variability of DT data from many sources22. (Eyre & Freeman, 2018; Qi et al., 2021) 

Conciliating disparate data connotations and syntaxes is also a hurdle. Consensus on the usage 

of identical instruments and a robust database system for effective information sharing and 

management is critical.36 (Lu et al., 2020) 

8. Building Information Modeling  

8.1. Definition of BIM  

The use of BIM in the AEC sector has increased significantly in recent years. BIM has become 

the primary technology used throughout the whole building process by a number of firms. 

Before let’s discover how the definition changed over time: 

In 2014, BIM was defined as “the process of generating and managing building data during its 

life cycle”; while in 2022, BIM is defined as “a process supported by various tools, 

technologies and contracts involving the generation and management of digital representations 

 
34 https://doi.org/10.1007/s41062-017-0061-z 
35https://www.researchgate.net/publication/328803997_Immersive_Applications_of_Industria

l_Digital_Twins 
36 https://doi.org/10.1016/j.autcon.2020.103277 

https://doi.org/10.1007/s41062-017-0061-z
https://www.researchgate.net/publication/328803997_Immersive_Applications_of_Industrial_Digital_Twins
https://www.researchgate.net/publication/328803997_Immersive_Applications_of_Industrial_Digital_Twins
https://doi.org/10.1016/j.autcon.2020.103277
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of physical and functional characteristics of places”. Both definitions contain an important 

keyword “process”, the change is that the 2014 definition focuses on merely building data, but 

the 2022 definition relies on digital representations of physical and functional features of places, 

such as buildings or other built assets37. (2022) 

Building geometry, spatial linkages, geographic information, and quantities and attributes of 

building components are all addressed by BIM. These models are currently saved in file forms 

that may be retrieved, transferred or networked to help in decision-making38. (Kubba et al., 

2017) 

8.2. The Differences Between a CAD Model and a BIM Model 

As shown in figure 5, 3D CAD model is essentially a compilation of geometric elements such 

as points, lines, and faces. As long as these geometric elements are not gathered and 

classified, the machine will have no notion what they adequately reflect in the physical world. 

A BIM model, on the other hand, is made up of pre-defined object elements that represent 

the physical world items39. (Nagipogu, 2021) 

 

Figure 5: 3D CAD Model Versus BIM Model 

 
37 https://en.wikipedia.org/wiki/Building_information_modeling 
38 https://www.sciencedirect.com/topics/engineering/building-information-modeling 
39 https://www.linkedin.com/pulse/what-bim-naveenkumar-nagipogu 

https://en.wikipedia.org/wiki/Building_information_modeling
https://www.sciencedirect.com/topics/engineering/building-information-modeling
https://www.linkedin.com/pulse/what-bim-naveenkumar-nagipogu
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As we can see in the figure above (figure 5), in the CAD model, the construction of the 

building's beams, columns, floors, windows, and doors is formed using solely geometric face 

or surface elements. However, in the BIM model, we have virtual content that correspond to 

the real beam, column, floor, window, and door elements. We only utilize those specified items 

to build a digital prototype. So, the machine can comprehend the model's elements or calculate 

and provide the quantities, or provide data on these three-dimensional structures40.  

8.3. Various names of BIM  

 

Figure 6: Various names of BIM 

As the chart depicts above (figure 6), the term “information” appears in the initial name since 

it is the most important factor in the engineering decision-making strategy. The keyword in the 

second name is “management” indicating that the focus is shifting away from modeling and 

towar management. Finally, “knowledge” is a watchword in the third name since it is not only 

about data management, but also about knowledge management for the buildings and 

their physical assets40. 

 

 

 
40 https://www.coursera.org/learn/bim-fundamentals/home/welcome 

https://www.coursera.org/learn/bim-fundamentals/home/welcome
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8.4.  Economic Effect of BIM-Based Design: ROI 

ROI for BIM-supported projects has been shown to be much greater than ROI for conventional 

investments. Short-term and short contracts can also profit from BIM in some qualitative areas, 

although the financial savings associated with BIM adoption were rather minimal. They also 

face a surge in designing expenses if they were to use BIM because of the additional burden 

that BIM imposes on architects in the early stages of a project. As a result of BIM 

implementation, owners (investors) and contractors may expect the greatest benefits. BIM ROI 

may be calculated using the mitigation costs associated with rework associated with design 

flaws, according to the study. Autodesk's approach of evaluating ROI takes into account both 

the system's purchase price and the resulting increase in productivity. Whenever a new system 

is implemented, productivity suffers significantly because the individuals using it have to learn 

how to utilize the new software. Productivity rises significantly after training and time spent 

mastering the software41 (figure 7). (2021) 

 

Figure 7: Design productivity after BIM system implementation 

8.5. Internet of Things IoT and Smart Buildings 

 
41 http://usa.autodesk.com/revit/white-papers/ 

http://usa.autodesk.com/revit/white-papers/
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Thanks to the development of revolutionary internet technologies and wireless sensor networks, 

the IoT can collect more accessible and reliable data42. Actuators can collect and analyze the 

data utilizing analysis-based physical environment control43 (Jaribion et al., 2018; Alam & El 

Saddik, 2017). High-quality services may be given to consumers over wired or wireless 

connections as computing and communication for physical things progress. Components, 

functions, and results, according to Jia, are three fundamental criteria that distinguish a smart 

building44. (Jia et al., 2018). Because it takes a long time to connect sensor data to DT 

simulations, interoperability is again the main problem. 

CHAPTER II: FRAMEWORKS AND STRATEGIES FOR 

DIGITAL TWINS IN BUILDING DESIGN AND OPERATION: 

IFRANE CASE STUDY 

I. FIRST SOFTWARE: AUTODESK REVIT 2022 

1. The Used Software 

1.1. AUTODESK REVIT 2022 

Architects may create three-dimensional models of buildings using AUTODESK Revit, a 

sophisticated BIM technology. To put it another way, everything is contained in a single file. 

All of the model's views are refreshed and updated when an item is moved or repurposed.  Revit 

files are saved under the “. rvt” extension. Because of this, we're able to export our model not 

only as 2D but also as 3-dimensional (3D) files “.dwg”. As a result, it gives us flexibility and 

freedom while using other software that necessitates the same extension. 

2. Design of the house  

2.1.  Area and Division of the House’s Space 

 
42 https://doi.org/10.1109/soca.2018.00039 
43 https://doi.org/10.1109/access.2017.2657006 
44 https://escholarship.org/uc/item/1dp8149r 

https://doi.org/10.1109/soca.2018.00039
https://doi.org/10.1109/access.2017.2657006
https://escholarship.org/uc/item/1dp8149r
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2.1.1. General Information 

We decided that the house will be built in the city Ifrane (figure 8). We need to remember the 

following about Ifrane: Because of its location in the Atlas Mountains and exposure to the frigid 

waters of the North Atlantic, it is characterized with a brief, dry, hot summer and a lengthy, 

cold and rainy winter. In the winter, the town receives snowfall due to its location at a higher 

elevation (figure 9). These restrictions were taken into consideration while designing the house. 

 

Figure 8: Location of Ifrane in the MAP 

 

Figure 9: Average Hourly Temperature in Ifrane 
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Designing buildings is the process of ensuring that a building will suit the needs of its 

occupants, the environment where it will be built, as well as those of the community as a whole. 

Building design is an art and a science that together make up architecture. Making a structure 

out of raw materials is what we mean when we say "building construction." The requirements 

of the building we worked on are as follows:  

Whole House Information First floor  Second floor 

• 100m² 

• 3x3m 

• The building needs 

to be in an L shape 

• Location: Ifrane  

• take into 

consideration the 

snow and the cold 

weather (roof+ 

heating+ size of 

windows+ 

heating….) 

• oriented to the 

south 

• solar panels 

• A cafeteria  

• 2 bathrooms 

(separated genders) 

• Meeting room 

 

• Rooms with 

bathrooms to host 

guests 

The area of the house is divided as follows (table 2):  
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Table 2: Room Schedule of the whole house 

Here is a 3D view of the whole house designed using Autodesk Revit (figure 10): 

 

Figure 10: 3D View of the House (from Revit) 
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→ A view from the front (figure 11):  

 

 

 

Figure 11: A front view of the house 

 

 

→ A view from the right (figure 12): 

 

 

Figure 12: view of the house from the right 
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→ A view from the left (figure 13):  

 

 

Figure 13: view of the house from the left 

 

→ A view from the top that shows the solar panels oriented to the south (figure 14): 

 

Figure 14: view of the house from the top 

2.1.2. Detailed Information:  

The house is two floors: 

The first floor contains the meeting room, cafeteria space, stairs, and gender segregation 

bathrooms. Here is the first-floor plan as shown in figure 15: 
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Figure 15: the first-floor plan (using Revit) 

 

2.1.2.1. The Meeting Room: 

The conference/meeting room is the focal point of our house, and while it was intended 

primarily for meetings, it can also be used for other purposes such as training sessions, client 

meetings, and brainstorming sessions as shown in the figures 16 and 17. 

 

Figure 16: View from the meeting room (1) 
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Figure 17: View from the meeting room (2) 

2.1.2.2. The Cafeteria Room: First Floor 

The cafeteria room, which was intended to be a place where people could eat or drink coffee. 

It has a food preparation space, a storage area, a bar, a counter, and a variety of tables and chairs 

as shown in the figures 18 and 19. 

 

Figure 18: View from the Cafeteria Space (1) 



 

BUILDING DIGITAL TWIN  

25 
 

 

Figure 19: View from the Cafeteria Room (2) 

2.1.2.3. Stairs: First Floor 

The stairs were calculated using (formula 1) called the Blondel’s formula: 

 

Formula 1: Stair Calculation using Blondel’s Formula45(André, 2021) 

 

 

 
45 https://tinyurl.com/df4jcteh 
 

https://tinyurl.com/df4jcteh
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The stairs we created looks like the following (figures 20 and 21): 

 

Figure 20: View of the stairs (first floor) 

 

Figure 21: View of the stairs (second floor) 
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The second floor contains the bedrooms, and bathing and washing space.  

Here is the second-floor plan in figure 22: 

 

Figure 22: the second-floor plan 

 

2.1.2.4. The bathing and Washing Space: Second Floor 

Space for bathing and washing. This refers to restrooms that are equipped with toilets and 

hand sinks as shown in figure 23.  

 

Figure 23: View of the bathroom 
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2.1.2.5. The Sleeping Space: Second Floor 

 

Space for sleeping and getting dressed. In other words, bedrooms that contain a bed, a 

wardrobe, and nightstands as shown in figure 24. 

 

Figure 24: View of the bedroom 

II. BUILDING CONSTRUCTION PROCESS: 

1. Procedure of Building a House in Morocco  

Before going deep in the methodology, we need to know that there are two ways to build a 

house in Morocco: the traditional method and the turnkey service. 

1.1.  The Traditional Method: 

1.1.1. Consulting a Design Office: 

The first step is to consult a design office (bureau d’études) and an architect: A design office is 

a firm made up of engineers and technicians that is regularly consulted in the building industry. 
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They provide a variety of research services that help to advise and justify project choices in 

terms of approaches and structures.46 (Rajput, 2020) 

1.1.2.  Consulting a Geotechnical Laboratory 

In order to conduct soil analyses and concrete testing, the second step must be consulting a 

geotechnical laboratory: Laboratory soil testing is necessary to confirm that the foundation can 

support the weight of the building and to provide assistance while making any adjustments or 

changes to the architectural plans (figure 25). In addition, geotechnical testing ensures that the 

house is built on a stable foundation for a long-lasting construction. Laboratories test the 

concrete samples before doing concrete compression testing, which involves applying 

compressive axial stress to the samples until they fail.46 (Rajput, 2020) 

 

Figure 25: Concrete Testing and Soil Analysis 

1.1.3. Consulting a Control Office: 

The aim of consulting a control office is to provide security. In other words, it will ensure that 

the building conforms with the relevant rules as outlined in the Construction and Housing 

Code46. (Rajput, 2020) 

1.1.4. Consulting the Construction Companies: 

 
46 https://civiljungle.com/building-construction-process-steps/ 
 

https://civiljungle.com/building-construction-process-steps/


 

BUILDING DIGITAL TWIN  

30 
 

This step is important so that they erect the structural work. In other words, whatever is on the 

design plans, they make it a reality by building it for a charge agreed upon with their clients46. 

(Rajput, 2020) 

1.1.5. Consulting Craftsmen for Finishing: 

For the finishing steps, seeking the advice of craftspeople (plumber, electrician, plasterer, 

painter, mason, etc.) is needed46. (Rajput, 2020) 

1.1.6. Receiving the habitation certificate  

Receiving the habitation certificate also known as certificate of occupancy is the final step 

before residing in the house.  

➔ The thing is that this old approach unfortunately produces accurate findings but at a 

greater expense. The benefit of this method is that the customer keeps complete control 

over the building. However, the customer bears all of the risks associated with the work's 

development. When a confrontation between stakeholders intensifies, the client must 

suffer the penalties46. (Rajput, 2020) 

1.2.The Turnkey Service  

The turnkey service can be summarized into 6 short steps46 (Rajput, 2020): 

1- Concurrent meetings with the design office, the architect, and the project manager 

2- The design of the first architectural plans. 

3- Estimate the total price of the project. 

4- The conduction of a feasibility studies by the design firm, the architect, and the 

project manager. 

5- Design of reinforced concrete and final architectural drawings, as well as filing for a 

construction permit. 
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6- Estimation of the precise construction cost. 

7- starting the building and following-up. 

As we can see the turnkey service is way clearer and smoother. Here are some advantages of 

it: 

➢ Discussion and negotiation with a single firm makes it simple in the event of a dispute. 

➢ Convenience since the turnkey service is less stressful and has less responsibilities. 

➢ Cheaper since the project costs up to 20% less. 

➢ As the organization employs skilled individuals, proposals for various methods to 

improving the project are made. 

➢ Because the contract is given on a flat-rate basis, the customer assumes no risk. 

2. Building Construction Process Step by Step 

To build a house, we should keep in mind that the building construction process is divided 

into two main phases: pre-construction steps, and during construction steps46 (figure 26). The 

following chart represents what we will be talking about in the upcoming paragraphs: 

 

Figure 26: Summary of Building Construction Process: Pre-Construction Steps and During 

Building Construction Process46 
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2.1. Pre-Construction Steps 

In the pre-construction phase, we are going to mention some important points, starting with 

acquiring the land, then seeking technical consultant, design the process, preparing estimation 

and budget46. (Rajput, 2020) 

2.1.1. Acquiring the Land 

Searching for a land for sale is the main step in building construction as the location should 

suit you. In other words, what kind of houses are already built nearby, which neighborhood is 

best for you, are there facilities available nearby: schools, shops, and restaurants, is the land 

going to affect the construction costs. In brief, it is important to do prior data collecting before 

purchasing the land either through internet research or by questioning people who already live 

in the neighborhood, or by consulting real estate professionals concerning the effective cost of 

the same land in other places46. (Rajput, 2020) 

2.1.2. Seeking Consultant or Technical 

The regular task is generally to generate building designs that take into account the client's 

preferences as well as the construction requirements. Following that, the architect consults 

with a structural engineer and a MEP engineer to determine the details of strengthening the 

structure46. (Rajput, 2020) 
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2.1.3. Designing the Process 

 

Figure 27: Engineering Design Process Steps46 

As shown in the figure above ( figure 27), making a general need list for your house before 

consulting an architect is important: how many bedrooms do you want? Do you require guest 

rooms? Where would you like the stairs to go? In this phase, it is better to speak with neighbors 

who own the same land as you and ask them about the benefits and drawbacks of their property, 

as well as what they would want to improve. The building estimator (figure 28) will estimate 

the material amount and time required, as well as generate an abstract sheet that illustrates the 

cost of building construction46. (Rajput, 2020) 

 

Figure 28: Building Estimator: Time and Cost46  
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2.1.4. Approaching a Builder 

A construction contractor must be carefully selected based on an investigation since it is a vital 

component in ensuring building construction quality and respecting the agreed time to complete 

the work. Before signing the contract, all work-related elements must be explicitly mentioned 

in the contract document and all cost payment methods and time frames must be agreed on46. 

(Rajput, 2020) 

2.2. During Building Construction Steps 

There are some points in this building construction process such as site clearance, Exaction, 

foundation, brick-masonry, electrical and plumbing, plastering, and painting, etc. More 

information will be provided below46. (Rajput, 2020) 

2.2.1. Site Clearance 

 

Figure 29: Site Clearance 

Before beginning any construction job, it is vital to clean the area of any collected debris to 

guarantee that there are no risks, obstructions, or unpleasant problem. If there is a hill, it must 
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also be cleansed of extra soil, and if there is a pit, it must be filled as shown in figure 29. This 

is referred to as site clearance and it is always followed by another important step which is 

called excavation which involves the removal of mud, stone, and other materials from the site, 

generally with the use of heavy earthmoving equipment like as excavators46. (Rajput, 2020) 

2.2.2. Foundation 

A foundation is the bottom section of a building in direct contact with the soil, and it securely 

distributes weights from the building to the ground. In general, foundations are divided into two 

types: shallow foundations and deep foundations. In order to guide the foundation construction, 

the architect's plans need to be used. Following the completion of the foundation construction, 

ground beam prefabrication and concrete pouring should be ready. Masonry work must be 

completed over the plinth beam, and the gap between the foundation and the plinth beam must 

be stuffed with soil. Following that is the superstructure, which is the component of the building 

above the plinth level that consists mostly of beams and columns. The columns have been 

erected up to the slab level, and the frame for the next phase of construction has been prepared47. 

(K, 2017) 

2.2.3. Brick Masonry 

After the previous processes have been accomplished, masonry work can begin using a variety 

of materials such as fly ash bricks, concrete bricks, common burnt clay bricks, and so on (figure 

30). Masonry work is often carried out with a cement mortar mix that is made of cement and 

sand. After this step comes putting the lintel over doors and windows in order to support the 

masonry work, followed by plastering that has many benefits mainly making the walls structure 

harder and stronger, to make the wall smooth and help the painting process, and to add an 

 
47 shorturl.at/jopN6 

https://theconstructor.org/geotechnical/foundation-in-construction-purpose-functions/18963/#:~:text=a%20Good%20Foundation-,What%20is%20a%20Foundation%20in%20Construction%3F,shallow%20foundation%20and%20deep%20foundation.
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additional layer to protect from hard weather situations. Finally comes the fixation of the doors 

and windows frames and of course the painting comes last46. (Rajput, 2020) 

 

Figure 30: Different Types of Materials used for Bricks 

2.2.4. Electrical and Plumbing 

Plumbing and electrical work must be concealed by putting it in the walls and slabs so that it is 

not apparent when the finishing work is completed (figure 31). The electrical wiring and 

plumbing are critical aspects that must be discussed once we begin building the house layout. 

How many electrical outlets are required? Where is the main switchboard going to be installed? 

How many power outlets are there in each room? these are all examples of questions that must 

be asked prior to beginning the actual task46. (Rajput, 2020) 
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Figure 31: Electrical wiring in house construction 

CHAPTER III: THERMAL MODELING OF A RESIDENTIAL 

BUILDING AND EVALUATION OF ITS ENERGY 

PERFORMANCE 

1. Introduction 

The construction industry is one of the most energy-intensive in the world's economy. At 30% 

to 40% of global energy consumption, the building sector is a key focus for policymakers in 

Morocco, who hope to reduce greenhouse gas emissions and save 1.2 million terawatt hours 

(tep) of electricity by the end of 2020 through implementation of an energy efficiency program 

in the sector. 

2. Architectural projections 

The thermal behavior of a house is heavily influenced by its architectural design. Indeed, we 

must understand the basic concepts and recommendations that might induce decrease in energy 

demand for heating/cooling without maintaining high energy consumption rates at the outset of 
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executing a building's design. These issues can begin with the selection of a suitable building 

orientation and the creation of apertures that can limit solar heat gain in the summertime without 

sacrificing the benefits of sunshine. For the benefit of comfort, the house architecture must be 

precise in the provision of space sections through a logical situating or distribution of spaces as 

we saw in the previous part. 

PRESENTATION OF THE BUILDING STUDIED 

Conducting thermal analyses may be performed using a variety of tools and techniques 

available to researchers. In our case study, we used BINAYATE 3D and 

BINAYATE performancielle in order to improve the building's energy efficiency and 

occupants’ comfort as a whole. 

1. The used software: Binayate  

For the "Energy Efficiency Code in Buildings (CEEB) initiative, AMEE48 and GEF 

collaborated with the United Nations Development Program (UNDP) to develop BINAYATE, 

a diagnostic and control software that complies with Moroccan thermal requirements. For 

instance, it helps in calculating the building's yearly thermal demand in kWh/m². year, and the 

building's greenhouse gas emissions in kg of CO2/m². year. 

The RTCM application process is made easier with the use of the software designed for 

municipal and governmental authorities, architects, and construction experts. Energy 

performance diagnostics in the building may also be carried out by higher education institutions, 

design firms, and control offices using this technology.  

In our study, we will be using the following:  

 
48 https://www.amee.ma/fr/cadre- 
 

https://www.amee.ma/fr/cadre-
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BINAYATE 3D: 3D modeling software for the building's digital model and export in IFC4 

format. 

BINAYATE performance: Software to assess the energy performance of the building and 

setting the minimum technical specifications based on the annual energy needs of the building 

related to thermal comfort. 

 

Figure 32: Binayate Software 

2. Description of the studied building 

2.1. Architectural description 

The building studied is a residential building which consists of a ground floor + a first floor 

with a living area of 100 m², the surface distribution of which is as follows (refer to figure 33): 
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Figure 33: Surface Distribution of the Ground Floor 

We will do the thermal analysis of the ground floor, the plan and 3D view of it are represented 

in the figure below (figure 34): 

 

Figure 34: The plan and the 3D view of the ground floor 

2.2. Composition of the building envelope 

2.2.1. Exterior walls 

Each apartment's facade (or exterior walls) is 24 cm thick. The table 3 below illustrates the 

thermo physical properties of the construction materials used for the outside walls. It is made 
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up of five layers, with a thermal transmittance of 1.06 W/m²K (the materials are introduced 

from the outside towards inside) as shown in figure 35. 

Layers Thickness 

(cm) 

Conductivity 

(W/m².k) 

Resistance 

(m².k/w) 

Density  

(kg /m3) 

Specific 

heat 

Mortar 1.5 1.3 0.012 1900 1000 

Red brick (6 holes) 7 0.247 0.284 938 741 

Air gap  7 0.389 0.180 1 1008 

Red brick (6 holes) 7 0.247 0.284 938 741 

Mortar 1.5 1.3 0.012 1900 1000 

Table 3: Composition of the exterior wall and its materials’ properties 

 

Figure 35: Exterior Walls Material 

2.2.2. Basement floor 

Low floor consists of four layers with a total thickness of 41 cm, with a thermal transmission 

coefficient of 0.30 W/m². K this table shows the thermo-physical properties of the construction 

materials used (the materials are introduced from the top to the bottom as shown in table 4 and 

figure 36) 

Layers Thickness 

(cm) 

Conductivity 

(W/m². k) 

Resistance 

(m².k/w) 

Density  

(kg /m3) 

Specific heat 

Ceramic 1 1.3 0.008 2300 840 

Mortar  5 1.3 0.038 1900 1000 

Concrete  15 2000 0.075 2450 1000 

gravel sand 20 2 0.100 1950 1000 
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Table 4: Composition of the basement floor and its materials’ properties 

 

 

Figure 36: Basement Wall Material 

2.2.3. Interior walls 

The interior walls are 10 cm thick and are made of 7 cm red brick with 2 cm of cement mortar 

on each side. Their thermal transmission coefficient is 1.76 W /m².K. this table shows the 

thermo-physical properties of the building materials used for the interior walls (the materials 

are introduced from the exterior to the interior as shown in table 5 and figure 37). 

Layers Thickness 

(cm) 

Conductivity 

(W/m². k) 

Resistance 

(m².k/w) 

Density  

(kg /m3) 

Specific heat 

Mortar  1.5 1.3 0.012 1900 1000 

Red brick (6 

holes) 

7 0.247 0.284 938 741 

Mortar  1.5 1.3 0.012 1900 1000 

 

Table 5: Composition of the interior wall and its materials’ properties 
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Figure 37: Interior Walls Material 

2.2.4. Windows 

Windows in the building are double glazed with HVAC frames as shown in figure 38. Its 

thermal transmission coefficient is 2.80 w /m². K and the heights of the windows in relation to 

the lower floor are equal to 0.800 m. 

  

Figure 38: Windows Material 

2.2.5. Doors 

The doors in the studied building are all made of wood, they have an average paint color with 

an absorption coefficient of 0.60 and a thermal transmission coefficient of 2.2 w/m².k as shown 

in figure 39. the doors differ from each other only in surface. 
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Figure 39: Doors Material 

2.2.6. Intermediate Floor 

The intermediate floor between the two floors is made up of 4 layers with a total thickness of 

24 cm, with an overall thermal transmission value varying between 1.78 w / m². K in cooling 

periods and 2.37 w /m². K in heating periods. This table (table 6) shows the thermo-physical 

properties of the building materials used (the materials are introduced from the top down in 

figure 40). 

Layers Thickness 

(cm) 

Conductivity 

(W/m². k) 

Resistance 

(m².k/w) 

Density  

(kg /m3) 

Specific heat 

Ceramic 1 1.3 0.008 2300 840 

Mortar 1 1.3 0.008 1900 1000 

Concrete  20 1.176 0.176 1456 1000 

Plaster 2 0.056 0.560 1350 1000 

Table 6: Composition of the intermediate wall and its materials’ properties 

 

Figure 40: Intermediate Floor Material 
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2.3. Summary: 

In this chapter, we introduced the building we are studying and described the specific structural 

components. All of the findings of thermal simulations in the climatic zone 4 (Ifrane) will be 

provided in the next chapter. 

THERMAL SIMULATION STUDY OF THE BUILDING LOCATED 

IN IFRAN 

1. Metrology data: 

 

The climatic zoning study was done in close collaboration with the National Meteorological 

Department (DMN) and ADEREE, with the assistance of foreign experts. Based on a study of 

climatic data collected by 37 meteorological stations between 1999 and 2008, the Moroccan 

area has been classified into homogenous climate zones (figure 41). The zones were built using 

the criterion of the number of winter degree-days and the number of summer degree-days. The 

final zoning map comprises six climatic zones to facilitate and expedite the implementation of 

the new laws. These zones, which are defined by administrative boundaries, are climatically 

represented by the cities listed below. 
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Figure 41: The Six Zones of Morocco 

City Zone Climat type Description  T min T avg T max 

Ifrane 4 CSB 

continental-

influenced 

warm-summer 

Mediterranean 

climate 

short, 

somewhat 

dry, warm 

summers 

and long, 

cool, damp 

winters. 

The nights 

can be 

severely 

cold in 

winter 

-2 26 33 

 

2. Thermal simulation of the building by BINAYATE performantielle of Ifrane 

2.1. Energy needs: 

After completing the data entry phase, the BINAYAT performance software executes a number 

of programmed calculations and then gives us a summary that describes in detail the energy 
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needs of the building for heating and cooling while based on a calculation. very precise heat 

transfer between the interior and the exterior of the building as well as the internal heat 

contributions and the solar contributions and also the average external temperatures for each 

month of the year. 

The following table (table 7) illustrates the annual variations of internal heat and cooling for 

level 0: 

 

Table 7: The energy needs of the building 

The formula below (formula 2) was used to calculate the BECTh: 

 

Formula 2: BECTh formula 

Where:  

BECTh: annual energy needs related to the thermal comfort of a building expressed in  

                kWh/ (m². year) 

BECh: Annual energy needs for heating expressed in kWh/year and calculated over the 

             winter period for a base indoor temperature Tch=20°C 
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BERef: Annual energy requirements for cooling expressed in kWh/year and calculated over 

              the summer period for a base indoor temperature Tref = 26°C 

STC: Total habitable surface conventionally conditioned expressed in m² and equal to the 

           sum of the surfaces of the floors out of work. 

 

Figure 42: The heating and cooling needs of the different zones in the ground floor 

From the figure above (figure 42), we can see that the cafeteria is the space that consumes the 

most energy whether it is heating or cooling of approximately 4792.42 kWh/year and 3227.56 

kWh/year respectively. Followed by the meeting room of approximately 3397.67 kWh/year 

for heating and 2866.62 kWh/year for cooling. Finally comes the toilets and that is mainly due 

to their small surface. 

The pie charts bellow (figure 43) are an illustration of what has been mentioned above using 

percentages to see and understand our building needs in a better way. 
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Figure 43: The heating and cooling needs of the different zones in the ground floor (Pie-

Chart)   

2.2. Important formulas 

2.2.1. Heating Energy Requirement Formula: 

To calculate heating energy requirements, the following formula (formula 3) was used in 

BINAYATE software:  

 

Formula 3: Energy Requirement for Heating Formula 

Where:  

QH,ht: Total heat transfer   

QH,gn: Total heat gains  

ɳH,gn: Use factor for heating inputs 

The total heat transfer and the total heat gains are calculated using the following formulas 

(formula 4): 
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QH,tr: Transmission heat transfer 

QH,ve: Heat transfer by air renewal 

QH,int: Sum of internal heat gains 

QH,sol: Sum of solar gains 

 

Formula 4: Total Heat Gains and Transfer Formulas 

2.2.2. Cooling Energy Requirement Formula: 

To calculate cooling energy requirements, the following formula (formula 5) was used in 

BINAYATE software:  

 

Formula 5: Cooling Energy Requirement Formula 

Where:  

QC,ht: Total heat transfer   

QC,gn: Total heat gains  

ɳC,ls: Heat loss utilization factor for cooling 

The total heat transfer and the total heat gains are calculated using the following formulas 

(formula 6) 

  

QC,tr: Transmission heat transfer 

QC,ve: Heat transfer by air renewal 

QC,int: Sum of internal heat gains 

QC,sol: Sum of solar gains 

 

Formula 6: Total Heat Gains and Transfer Formulas (Cooling) 
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2.3. Results of case 1:  

 

Figure 44: Thermal Performance of The Building (RTCM) 

→ The figure above (figure 44) shows that the studied building does not meet the 

requirements of the RTCM (Règlement Thermique de Construction au Maroc). The 

regulation gives a limit of the BECth (The specific annual energy needs of the building, 

linked to thermal comfort). In other words, a building renovation is very needed in this 

situation. 

3. Building Energy Renovation and Performance Study: 

3.1. Renovation N° 1: Rockwool 

In this part, we have decided to use Rockwool (Laine de rôche), it is a natural insulating 

substance formed as a result of volcanic action (basalt) as shown in figure 45. It is an insulator 

that has been certified for use in buildings for thermal insulation, sound insulation, and fire 

protection49. (2019) 

3.1.1. The Renovation of Exterior Walls 

The most significant losses in buildings occur at the level of the exterior walls. It is evident that 

we should begin our remodeling by insulating this area. Rockwool insulation is the finest choice 

for external walls since it is an inorganic mineral wool that is good for not only thermal 

 
49 https://www.toutsurlisolation.com/laine-de-

roche#:~:text=Laine%20de%20roche%20%3A%20performances&text=En%20monocouche

%2C%20des%20%C3%A9paisseurs%20jusqu,nuisances%20sonores%20dans%20l'habitat. 

https://www.toutsurlisolation.com/laine-de-roche#:~:text=Laine%20de%20roche%20%3A%20performances&text=En%20monocouche%2C%20des%20%C3%A9paisseurs%20jusqu,nuisances%20sonores%20dans%20l'habitat
https://www.toutsurlisolation.com/laine-de-roche#:~:text=Laine%20de%20roche%20%3A%20performances&text=En%20monocouche%2C%20des%20%C3%A9paisseurs%20jusqu,nuisances%20sonores%20dans%20l'habitat
https://www.toutsurlisolation.com/laine-de-roche#:~:text=Laine%20de%20roche%20%3A%20performances&text=En%20monocouche%2C%20des%20%C3%A9paisseurs%20jusqu,nuisances%20sonores%20dans%20l'habitat


 

BUILDING DIGITAL TWIN  

52 
 

insulation but also fire prevention, noise control, and environmental objectives as mentioned 

before. It has excellent thermal conductivity and is very resistant to cold, heat, and water. As 

shown in the figure below (figure 46), we have inserted a layer of Rockwool that has a thickness 

of 10 cm. The results will be attached afterwards. 

  

Figure 45: Rockwool in Building Construction 

 

Figure 46: Renovation of Exterior Walls using Rockwool 

3.1.2. The Renovation of Windows: 

In addition to adding the Rockwool to our exterior walls, we have decided to renovate the 

windows as well as it is an effective technique for improving energy performance and reducing 
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the need for thermal load in the building, so for the building under study, it is proposed to use 

double glazing with external blind protection with adjustable slats as shown in figure 47. 

 

Figure 47: Renovation of Windows  

3.1.3. Thermal simulation of the building by BINAYATE performantielle of 

Ifrane after renovation N° 1 

3.1.3.1. Energy needs: 

In order to analyze and verify the impact of the insulation carried out on the building’s energy 

consumption, the following table (table 8) shows the energy needs of the building after the 

changes above: 

 

Table 8: The Energy Needs after Renovation (Using Rockwool) 
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The results that interest us the most are the total heating, cooling, and BECth values. The 

cafeteria that has the highest values of both heating and cooling of about 3101.20 kWh/Year 

and 589.02kWh/Year successively, followed by the meeting room that has a total of 1797.53 

kWh/Year of heating and a total of 431.50 kWh/Year of cooling. Finally, the bathrooms are the 

zones that needs less heating and cooling mainly due to their small area.  

The figure below (figure 48) shows a graphical representation of this data: 

 

Figure 48: The Heating and Cooling Needs after Renovation (Using Rockwool)  

3.1.3.2. Comparison of Outputs before and after renovation: 

In order to see the difference clearly, we will merge both tables (before renovation and after). 

As we can see in the figure 49, the difference is now clearer and obviously the case after 

renovation (insertion of Rockwool) is definitely needing less cooling and heating.  
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Figure 49: Comparison of the Heating and Cooling Needs Before and After Renovation 

(Using Rockwool) 

In addition to the figures above, the figure below (figure 50) contains the total of the previous 

data regarding heating and cooling (first plan) as well as the new data after using rockwool (1st 

renovation plan) in order to compare the two results. 

 

Figure 50: Comparison of the Heating and Cooling Totals Before and After Renovation 

(Using Rockwool) 
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3.1.4. Results of Renovation Case: Rockwool 

Indeed, as shown in the figure bellow (figure 51) of the thermal performance of the building 

(RTCM), the results tested positive as the value of the BECth (the specific annual energy needs 

of the building, linked to thermal comfort) is equal to the maximum value set by the RTCM (64 

kWh /m² .years), so the building complies with the requirements of the RTCM thanks to the 

changes applied on the exterior walls material and the renovation of the which is an easily 

integrated technique of the building and beneficial for the reduction of the energy bill of the 

building also they contribute to improve the thermal comfort of the future occupants. 

 

Figure 51: Thermal Performance of The Building (RTCM) After Renovation (Using 

Rockwool) 

3.2. Renovation N° 2: Unfired Clay Bricks 

Unfired clay bricks, often known as earth masonry, are formed of earth components and, in 

most cases, certain additions. They are available in two styles: traditional and modern. The clay 

used in the following sections has the properties of a local clay extracted from Bensmim in 

Morocco's Ifrane region. We chose unfired clay bricks as the highest percentage of the chemical 

elements existing in Ifrane’s soil is SiO2 (Silicone Dioxide), with a 59.6%. As we know, the 

silicone is the main component of the clay, so we can say that Ifrane soil has almost 60% clay 

(refer to figure 52). 
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Figure 52: Bensmim's extracted soil's chemical composition 

Material Thermal conductivity 

(W/m.K)  

Specific heat capacity 

(kJ/kg.K) 

Density (g/cm3) 

Unfired clay bricks 0.48 0.58 1.78 

 

3.2.1. The Renovation of Exterior and Interior Walls 

What we did is demonstrated  in figure 53, we replaced everything in between the mortar 

layers with a layer of unfired clay bricks of the same thickness. 

 

Figure 53: Renovation of Exterior and Interior Walls using Unfired Clay Bricks 
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3.2.2. Thermal simulation of the building by BINAYATE performantielle of 

Ifrane after renovation N° 2 

3.2.2.1. Energy needs 

In order to analyze and verify the impact of the insulation carried out on the building’s energy 

consumption using unfired Clay bricks, the following table (table 9) shows the energy needs of 

the building after using the Clay bricks made out from natural resources as explained above: 

 

Table 9: The Energy Needs after Renovation (Using Unfired Clay Bricks) 

The overall heating, cooling, and BECth values are the most important ones to us. The Cafeteria 

room has the greatest heating and cooling values of around 5436.84 kWh/Year and 718.21 

kWh/Year, respectively, followed by the conference room, which has a total of 3445.04 

kWh/Year of heating and 595.72 kWh/Year of cooling. Finally, due to their small size, 

bathrooms require the least amount of heating and cooling. 

A graphical depiction of this data is shown in the figure below (figure 54): 
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Figure 54: The Heating and Cooling Needs after Renovation (Using Rockwool)  

3.2.2.2. Comparison of Outputs before and after renovation 

 

Figure 55: Comparison of the Heating and Cooling Totals in 3 cases (Base Case, Using 

Rockwool, and Using Unfired Clay Bricks) 

The figure above (figure 55) has been done to compare the three cases that we studied (base 

case, using rockwool, and using unfired clay bricks) in order to choose which scenario is best 

and consumes less energy. 
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3.2.3. Results of Renovation Case: Unfired Clay Bricks 

 

Figure 56: Thermal Performance of The Building (RTCM) After Renovation (Using Unfired 

Clay Bricks) 

As we can see in the figure 56, using the unfired clay bricks, it is still not under our maximum 

value (64.00) which means that this scenario isn’t effective as much as the previous one. 

Therefore, we would go with the second case, the one with rockwool layer.   

4. Financial study: 

This section includes a financial assessment of the renovation, which allows us to estimate the 

cost required to make the installations needed. 

Total cost of second scenario: using rockwool layer: 

Material Area (m²) Price (MAD/m²) Total Price (MAD) 

Double glazing with 

a wooden frame 

0.60*0.95*19 

=10.83 

1200 12,996 

Rockwool  3*50*10=1,500 95.50 143,250 

 

The sum of all the prices of the renovation systems gives an investment equal to 156,246 and 

if we assume that the cost of acquisition and installation per labor represents 15% of the total 

cost then the investment cost is 179,682.9 MAD 

The Investment Cost = 179,682.9 MAD 
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CHAPTER IV: CONCLUSION AND FUTURE WORK 

1. Conclusion: 

To summarize, this project assisted me in learning two new software applications: Autodesk 

Revit and Binayate. The first assisted in the building of the home, the division of the rooms, the 

placement of furniture and heaters, and the creation of 3D figures. Meanwhile, the second one, 

“Binayate” assisted in developing the thermal analysis of the house to determine whether or not 

our building is sufficiently isolated. The first findings revealed that it surpassed the maximum 

value, so we decided to make some improvements and alterations to the materials used to 

construct the house. Two scenarios were tested, the first using "rockwool" and the second with 

“unfired clay bricks” a local material in the Bensmime region. The results were more biased 

toward the first scenario, which produced the best results. Finally, a financial study was 

undertaken to estimate the cost of the renovation scenario, and a future work chapter concerning 

the usage of Microsoft Azure Digital Twin and the benefits of employing sensors was added. 

2. Future Work: 

2.1.  Azure Digital Twin 

According to Microsoft, to develop next-generation IoT solutions that mirror the real world, 

Azure Digital Twins offers a digital twin architecture that functions as a representation of 

assets, environments, and business processes50. (Anderson, 2022) 

 
50 https://docs.microsoft.com/en-gb/azure/digital-twins/overview?WT.mc_id=AI-MVP-

5004204 
 

https://docs.microsoft.com/en-gb/azure/digital-twins/overview?WT.mc_id=AI-MVP-5004204
https://docs.microsoft.com/en-gb/azure/digital-twins/overview?WT.mc_id=AI-MVP-5004204
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Microsoft offers an Azure Digital Twin service that helps us establish pre-defined models (for 

instance, thermostats) and then design twins depending on these models, mapping the links 

between a variety of objects51. (Lloyd-Jones, 2021) The Azure Digital Twins Explorer is a web-

based tool that displays the relationships between these twins graphically and it is a platform 

that enables the creation and interaction with digital representations of this type. 

2.2.  Example of Newcastle university: 

The Urban Sciences Building at Newcastle University (figure 57) contains 4,000 sensors to help 

optimize client comfort and energy efficiency.52 (Cousins, 2019) The 12,500-square-meter 

building was made to help us better understand how buildings and their surroundings work 

together. As a result, it is connected to over 4,000 sensors, allowing scholars to observe how it 

operates and interacts with the energy, water, internet, and other sensors to which it is linked. 

The data is sent into a battery management system (BMS) and shown in real time in a 3D digital 

twin created by a PhD researcher at the university with contributions from the university estates 

team and partner companies such as Siemens and Buro Happold. Visitor can zoom in and out, 

pick a floor, and pick a sensor to see data as it is being recorded.53 (2018) The following two 

pictures show the Newcastle digital twin (figure 58) and real-life pictures (figure 57). 

 

 
51 https://www.sealjay.com/querying-azure-digital-twins-with-powerbi/ 
 
52 https://www.bimplus.co.uk/newcastle-university-creates-digital-twin-study-en/ 
 
53 https://www.cibsejournal.com/technical/ubs/ 

https://www.sealjay.com/querying-azure-digital-twins-with-powerbi/
https://www.bimplus.co.uk/newcastle-university-creates-digital-twin-study-en/
https://www.cibsejournal.com/technical/ubs/
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Figure 57: Newcastle University in real life 

 

Figure 58:  Real-time visualization of the building 

The red cubes in the picture above can be selected and they display the data of the sensors. A 

screenshot of this will be attached next in figure 59. 
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Figure 59: Sensors data from Newcastle university digital twin 

2.3. How sensors work: 

2.3.1.  Definition:  

A sensor is a device that detects and reacts to input from the physical world. Light, 

temperature, motion, humidity, pressure, CO2, or any of a variety of other environmental 

phenomena might constitute the specific input54. (Wigmore, 2012) 

2.3.2. Benefits of using sensors: 

Water distribution network leakage is problematic because faulty pipes are financially 

expensive to both water utilities and consumers. The capacity to identify, locate, and measure 

leaks may greatly enhance the quality of the service provided. Optical fiber sensors (OFS) have 

already proved their ability to identify pipe leaks in real-time and continuously. As a result, 

adding water pipe sensors in the project's future construction is critical, as it will aid in 

 
54 https://www.techtarget.com/whatis/definition/sensor 

https://www.techtarget.com/whatis/definition/sensor
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preventing major consequences of water leaks. The attachment of optical fiber sensors to 

existing subterranean pipes, however, remains a difficulty due to the high labor cost and time-

consuming process.55 (Wong et al., 2018) 

2.3.3. The solution architecture: Azure Cloud 

Most digital twins will be hosted on cloud digital platform and infrastructure; therefore, the 

“collect and transmit” is a characteristic of real-world sensors that are embedded in physical 

structures and broadcast their signals. The sensor data can be passively or actively acquired 

utilizing a variety of existing technologies. Existing technology is employed to transmit the 

acquired data. Event Hub, which receives data via numerous connectors to read data 

dependent on the technologies used, feeds data from real-world objects into the Azure cloud 

via "collect and transmit" capability. Streaming analytics are used to assess the incoming 

stream of data and determine the data that will be managed by BIM objects in ShareAspace. 

A summary of what has been explained will be shown in the figure below (figure 60): 

 

Figure 60: The “collect and transmit” feature from real-world into Azure cloud 

 

 

 
55 https://www.mdpi.com/1424-8220/18/12/4192/htm 
 

https://www.mdpi.com/1424-8220/18/12/4192/htm
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