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Abstract:

Sustainable construction is the most important requirement of the modern era in all the different
fields that the world needs today. Previous studies began to improve the work of BIM
technology in energy analysis, as these programs were not limited to drawing the building in
three dimensions, but rather to studying and predicting the building's behavior in heat, lighting,
and natural ventilation. Therefore, using BIM technology in the building and construction
process is recommended by experts and researchers to save time, and costs to improve energy
efficiency that affects buildings and users. BIM is one of the most important technology
requirements of projects in general and all engineering disciplines, as the world was affected
by Covid-19, which led to the deterioration in the global economy; therefore, governments and
institutions resorted to using technology for Online communication. Projects are affected by
time and cost as a result of the various factors facing the world today in rapid changes, this led
to resorting to the use of BIM in projects to reduce the environmental impact of pollutants and
increase the proportion of carbon dioxide (COz2). The research presents using of BIM technology
from simulation programs in social housing that was implemented in Egypt, which was built in
traditional materials such as steel and concrete, without using appropriate solutions that reduce
energy consumption. Also, it presents BIM technology from simulation programs in social
housing that was implemented in Egypt, which was built with traditional materials such as iron
and concrete without using appropriate solutions that reduce energy consumption. The study
presents the selection of residential projects implemented in Egypt at one of the housing levels,
which is social housing, which suffers from a lack of efficiency and sustainability in the
building. Therefore, BIM programs such as Revit Architects were used to create a 3D housing
model, then use the simulation software Insight 360 for Revit to run and analyze simulations
such as sun trajectory, and solar analysis, and calculate heating and cooling loads through
appropriate solutions. Therefore, the use of BIM technology helps in developing suitable
solutions or alternatives such as; insulating materials and the quality of glass that allows
accessing natural light only to achieve thermal comfort to achieve heat efficiency and reduce
thermal loads, cost, and time.
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Nomenclature

COz Carbon dioxide

L/S

Liters per Second (Air Conditioning)

KWh /m? Kilo watt per meter square
W Watt

W/m?2 Watt per meter square

w/m?-k Watt per meter square per kelvin
Acronyms

3D Three-Dimensional

BIM Building Information Modelling
IEA International Energy Agency
LCA Life cycle Assessment

NZEB Net-zero-energy building
SHGC The Solar Heat Gain Coefficient

1. Introduction

Society and new technology have affected major changes in the construction sector to facilitate
tasks in the least time and cost, the introduction of new building materials and new concepts of
information and communication technology, and the development of traditional methods better
through the introduction of the concept of sustainable construction (Sorensen, et al., 2015).
Sustainable building in the construction process is one of the most important requirements for
the use of appropriate environmental methods and solutions to control the consumption of
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materials and follow the life cycle of the building during the design, implementation, and
operation process (Kibert, 2016). In the twentieth century, the increase in population numbers
and the requirements of living led to the emergence of a shortage of consumable materials, an
increase in pollutants, and the emergence of various disease symptoms, which affected the
world during the epidemic of Covid-19. This epidemic affected the world greatly regarding the
economy and the deterioration of various fields, which led to a significant increase in prices and
the disruption of projects due to the high calculated budget deficit and the emergence of risks
in projects. In Egypt, projects implemented through the government and the private sector have
been greatly affected by the health and economic crises that the world is witnessing in the recent
period, which increased the deficit rate, the disruption of project implementation, and an
increase in the prices of building materials. Egypt began to improve energy consumption, use
renewable materials and produce them continuously, use technology, and increase investments
to improve electricity efficiency, increase productivity, and reduce the percentage of pollutants
to reach stability. Egypt is also seeking to increase the production of renewable energy like
natural Gas instead of Oil sources to reach 43% of electricity production by 2035, (International
Energy Agency, 2022). In Key energy statistics, 2019 according to the International Energy
Agency’s impact index.

The energy consumption indicators as shown in Figure 1

Energy production Total primary energy supply Electricity final consumption Total CO2 emissions
Mtoe Mt of CO2

3922.1942 96.19 160.37 225.48

1 66.63% from 1990 1 186.19% from 1990 T 321.47% from 1990 T 189.60% from 1990

Figure 1: Key energy statistics in Egypt, 2019 according to the International Energy Agency’s impact
index.
Source: International Energy Agency, 2022

Therefore, the countries of the world have taken care of climate change every year, reducing
energy and materials consumption, reducing pollutants resulting from industries, and using
technology and environmental materials for projects, all to improve energy efficiency and reach
zero energy as much as possible, (Ascione et al., 2019). The research problem is the lack of
interest in simulation programs and the reduction of the specific productivity of these programs,
which are related to BIM technology, which helps reduce energy consumption, time, and cost.
The problem is many residential buildings depend on mechanical systems to achieve the
required levels of thermal comfort inside them, and this results in a continuous increase in
energy consumption rates, which represents a great economic burden. The potential of smart
systems in building facades has not been utilized to reduce thermal loads.

The research aims to use BIM technology to reduce the impact of high temperatures in
buildings, and thus it is possible to reduce the use of active cooling devices and increase the
benefit of appropriate solutions and treatments from using insulating materials and types of
glasses to achieve thermal comfort and reduce loads of cooling and heating energy. So, it is
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applied in social housing projects implemented in Egypt by using some parameters of the
facades from finishing materials and choosing the appropriate quality of glass to improve the
environmental efficiency of the building by making different variables or parameters by
choosing the layers of building materials and the appropriate type of glass to reduce the values
of high cooling and heating loads.

2. Background of BIM technology

BIM technology has appeared recently, which has helped in solving many problems in projects
for architects and engineers in design building and construction (Ajayi SO, et al., 2015; Chen
et al., 2019). It helps to make a decision-making process in each project phase (Najjar M, et al.,
2017) to organize all contributions in the project and follow the building life cycle assessment
(Morsi, D.M.A, et al., 2022). The companies have produced simulation programs as they have
started designing these programs, such as BIM, to help designers and engineers to facilitate in
implementing projects to find appropriate solutions and reduce time and cost (Santos R, et al.,
2019; Caetano. | and Leitdo, A., 2019). Therefore, many studies had started developing these
programs and making the necessary improvements to reach the accounts as accurately and
clearly as possible. (Bonenberg and Wei, 2015). BIM helps in solving many of the problems
faced by buildings from energy consumption, which harm the environment, to reach a “Net-
zero-energy building” (NZEB) (Samer El Sayary and Osama Omar 2021; Mohanta, A. and Das,
S. 2022). BIM also helps in converting 2D into different dimensions such as; (3D, 4D, 5D, 6D
& 7D), which can analyze and evaluate environmental performance through simulation
programs. (Scott Beazley, et al., 2017).

3. The Benefit of using BIM for Energy Analysis

Previous studies began to improve the work of BIM technology in energy analysis, as these
programs were not only satisfied with drawing the building in three dimensions but also
studying and predicting the behavior of the building in heat, lighting, and natural ventilation (L.
Tuomas, 2007; Sampaio, A. Zita, 2022). So, BIM can use to enter the inputs to make the
simulation and show the results for analysis, and also different parameters can be entered to
compare these results to reach the best possible result (Kim. S. et al, 2016; S. Kalavagunta,
2015).

4. Methodology

Many residential buildings suffer from the lack of thermal comfort due to using of materials in
buildings, which absorb large amounts of solar radiation all day, and therefore users resort to
using cooling devices to reduce these harmful effects, and thus energy consumption increases
by using active cooling than passive cooling. Therefore, the use of active cooling means,
represented by the use of cooling devices, consumes 40% of the total energy, and this
percentage is dangerous to the environment and users, (Zervos A., 2018).

The Project is drawn after collecting information and data about the project to research and
develop appropriate solutions to improve the environmental efficiency of the building, by
drawing the building in the simulation program and analyzing the cooling and heating energy
loads and making calculations for them, then making different variables or parameters by
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choosing the layers of building materials and the appropriate type of glass to reduce the values
of high cooling and heating loads.

So, the study presents one of the housing projects implemented in Egypt, which is called social
housing, due to the largest community group that suffers from the use of traditional materials
and the lack of insulation materials that help reduce high temperatures.

Also, the use of transparent glass and an increase in the percentage of openings increase the
transmission of heat and sunlight significantly, which increases the heat and illumination of the
place significantly. BIM programs such as Revit are used to create three-dimensional housing
modeling; then use simulation software plug-in Insight 360 for Revit to run simulation analysis
like sun path, solar analysis, and calculation of heating and cooling loads. After the process of
simulation, the results were compared and evaluated when using parameters such as; Insulation
Materials and types of glasses to reach the appropriate results as shown in Figure 2.

Research Methodology
3
Theoretical Study Applied Study BIM using Revit
-The Problem And -Residential “"
Aim of Research Building Data

Create 3D model of social housing

-Background of . -Simulation

BIM technology Analysis

-The Benefit of - Calculation _ _
using BIM for _ Cooling and R].lrt:;lT Ene;gi;f Simulation
Energy Analysis Heating Loads in three different cases

.

Change Parameters Like

Re-Simulation Plug-in calculations |B | ppoin oo

s =

Comparison
of results

s 2

Evaluation of
Besults

Figure 2: Chart of Research Methodology
Source: The Author

5. Create a 3D model and Inputs

Existing buildings around the world represent one of the most global energy-consuming sectors,
and this requires controlling the consumption of materials and reducing the use of cooling and
heating devices using alternative methods and renewable energy sources (Leal Filho W, 2018;
Bapat, H., Sarkar, D. and Gujar, R., 2022).
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5.1. Base Case
The Residential model was chosen and implemented, which is called social housing in Egypt
with an area of 90 m?, and the location was chosen in Cairo Governorate. The building consists
of a ground floor and five floors and each floor consists of four apartments. The 3D model was
created in the Revit program inputs data (walls, floors, roof, windows, etc.) without any changes
in materials and using a simple type of glass as shown in Figure 3.
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Figure 3: Create a 3D Residential model
Source: The Author

So, Project data such as; (location, building type, building area, number of floors, materials, and
type of Glasses used can be summarized as shown in Table 1.

Table 1: Project data Inputs

Source: The Author

Location Cairo
Building Type Residential Building
Total floor area 90 m?
Ground floor and five floors and each floor consists of four
Number of floors
apartments
Materials in Base External walls: Brick, Common 25 cm and Plaster
case Internal walls: Brick, Common 12 cm
Type of Glasses in | Single window 6 mm

Base case

5.1.1. Sun Path and solar radiation analysis of Base Case

At this stage, after determining the location, weather data file, date, the movement of the sun,
and its impact on the building is studied for the facades exposed to the sun need appropriate
solutions to reduce the negative impact of high temperatures inside the building and shaded
places. The location of the sun was determined in the program and set at 12 P.M, considering
this time is the peak hour in which the sun shines and affects the building as shown in Figure 4.
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Figure 4: Left: Sun Path analysis, right: solar radiation analysis
Source: The Author

The previous figure shows the high solar energy after simulation was 703 (KWh/m?), which
affects the building on the southern facade of high solar radiation, which requires the installation
of architectural solutions of materials insulation for facades and roofs, as well as controlling the
proportion of glass openings and using the appropriate quality of glass that only allows access
of natural light.

5.1.2. Calculation of Heating and Cooling Loads of Base Case

At this stage, the heating and cooling loads for the building were calculated in the simulation
program as in Figure 5 and table 2 where the inputs are also specified such as (location, type of
building, materials used in the building from walls, floors, roof, and type of glass).

& 30)] Heating and Cooling Loads ? x B

General petails

Parameter Value
Building Type Multi Family
Location Cairo, Egypt
Ground Plane Ground Floor
Project Phase New Construction
Siiver Space Talerance 03048
velope identify Exterior Elements
rid Cell Size 109144

Building Service VAV - Single Duct
Schematic Types <Building>
Building Infiltration Class None

Report Type Standard

Use Load Credits (]

a8 Calculste  [Save Settings| | Cancel

1 BHYQGHBEY ¢ RHGE =
¥ 270 B Bl Main Model

Figure 5: Calculation of Heating and Cooling Loads
Source: The Author

Table 2: Calculation of Heating and Cooling Loads
Source: The Author

Calculated Results
Peak Cooling Total Load (W) 89.878
Peak Cooling Sensible Load (W) 85.975
Peak Cooling Latent Load (W) 3.903
Maximum Cooling Capacity (W) 84.371
Peak Cooling Airflow (L/s) 10.040.9
Peak Heating Load (W) 18.520
Peak Heating Airflow (L/s) 6.720.5
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Checksums

Cooling Load Density (W/m?) 55.99

Cooling Flow Density (L/(s-m2)) 8.25

Cooling Flow / Load (L/(s-kW)) 52.88

Cooling Area / Load (m&/kW) 6.41

Heating Load Density (W/m?) 17

Heating Flow Density (L/(s-m?)) 5.52

At this stage, it is shown that the cooling and heating loads have increased in the reference case,
which is considered the worst case due to the absence of any environmental treatments for the
building, which has increased the cooling load values to 89.878 watt and heating loads to 18.520

watt as shown in Figure 6.

Calculated Results in Base Case
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Figure 6: Calculation of Heating and Cooling Loads in Base Case

Source: The Author

Also at this stage, it is shown that Checksums in Base Case for cooling and heating loads have
increased in the reference case, which is considered the worst case due to the absence of any
environmental treatments for the building, which has increased the cooling load Density values
to 55.99 watt/m? and heating loads to 17 watt/m? as shown in Figure 7.
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Checksums in Base Case
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Figure 7: Checksums in Base Case
Source: The Author

5.2. Simulation Model by Inputs solutions in the First Case

Project data was created such as; materials in layers, and type of Glass used as shown in Table
3 and Figure 8.

Table 3: Project materials and type of Glasses Inputs

Source: The Author

Layerl: Finishing of External walls: Brick, Common

25cm
Materials Insulation layers Inputs in | Layer2: Insulation material: Polystyrene 2cm
five layers Layer3: Air

Layer4: Insulation material: Polystyrene 2cm
Layer5: Internal walls: Brick, Common 12 cm
Type of Glasses in Inputs Double Glazing Window 6 mm

Edit Assembly X

T Famiy: Basic wall
Type: Wall 25 part 1
Total thickness: 03900 Sample Height:  6.0000
Resstance (R):  0.6852 (m2-KYW
Thermal Mass: 44.76 /K

EXTERIOR SIDE

Function Material Thickness [ Wraps

s 5 z 1 [Finish 1 (4] Brick, Common 0.2500 (]
/ 2 |Core Boundary  Layers Above Wrap 0.0000
3 |Thermal/Air Layer [3 Polystyrene 0.0200 D
/ J e Boae
// 1 5 [Finish 1 [4] Brick, Common 0.1200 2

Structural
Material

INTERIOR SIDE
Insert t Down

Default Wrapping

At Inserts: At Ends:

Do not wrap Hone

Modify Vertical Structure (Section Preview only)

13 Cancel Help

)

View: Floor Plan: Mody ty Proview >>

Figure 8: Project materials insulation and glasses type Inputs
Source: The Author
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5.2.1. Sun Path and solar radiation analysis in the first case
The location of the sun was determined in the program and set at 12 P.M, considering this time
the peak hour in which the sun shines and affects the building as shown in Figure 9.

2 w0 X 1 Grouna oot Frmree

Figure 9: Left: Sun Path analysis, Right: solar radiation analysis
Source: The Author

The previous figure shows the reduction of solar energy after simulation was 273 (KWh/m?),

as the temperatures decreased in the building as a result of the use of appropriate treatments on
the facades and surfaces exposed to the sun.

5.2.2. Calculation of Heating and Cooling Loads in the first case

At this stage, the heating and cooling loads for the building are calculated in the simulation
program as shown in Figure 10 and Table 4.

i i General petalls

Schematic Types 7 X

Construction Types Anolysis Fropenes

By dafauit analyss croperies ars gerarstes from infarmation in Conceptual Types
Fropeties ol Schemalic Types ars used when cvermiss is seecid

Category Ovemide Analytic Construction r
[Roors ®  2inlightweight concrete (U=1.2750 W/m-K)) I K
\
Exterior Walls ] 1 in stone, R-10 insulation board, gyp 04280 W/im*K)) {.\
Interior Walls (] Brick cavity wall with air gap (U=1.2331 W/ N~
Ceilings [ \,\
Floors
Slab: 5 -
Doors ] t;
Exterior Windows
Interior Windows i )
Skylights D
Al Nona Shadirg factor for =xtenor windows: U
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Figure 10: Project materials insulation type and type of Glasses Inputs for Calculation of Heating and
Cooling Loads
Source: The Author
Table 4: Calculation of Heating and Cooling Loads

Source: The Author

Calculated Results
Peak Cooling Total Load (W) 58.211
Peak Cooling Sensible Load (W) 52.126
Peak Cooling Latent Load (W) 6.085
Maximum Cooling Capacity (W) 56.473
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Peak Cooling Airflow (L/s) 2.782
Peak Heating Load (W) 16.035
Peak Heating Airflow (L/s) 4.3

Checksums
Cooling Load Density (W/m?) 47.82
Cooling Flow Density (L/(s-m2)) 2.29
Cooling Flow / Load (L/(s-kW)) 47.8
Cooling Area / Load (m#/kW) 20.9
Heating Load Density (W/m?) 15
Heating Flow Density (L/(s-m2)) 5

At this stage, it is shown that the cooling and heating loads have decreased in the first case after
adding variables of layers of materials and the chosen type of Glass, which the result after
simulation of the cooling load values is 58.211watt and heating loads to 16.035watt as shown

in Figure 11.
Calculated Results in First Case
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Figure 11: Calculation of Heating and Cooling Loads in the First Case

Source: The Author

Also at this stage, it is shown that Checksums in First Case for cooling and heating loads have
decreased in this case, after adding variables of layers of materials and the chosen type of Glass,
so the result of the cooling load Density values is 47.82watt/m? and heating loads to 15 watt/m?

as shown in Figure 12.
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Checksums in First Case
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Figure 12: Checksums in the First Case
Source: The Author

5.3. Simulation Model by Inputs solutions in the second case

In this case, solutions were added and developed to improve Project data such as; materials in
layers, and type of Glass used as shown in Table 5 and Figure 13.

Table 5: Project materials and type of Glasses Inputs

Source: The Author

Layerl: Finishing of External walls: Brick, Common

25cm
Materials Insulation layers Inputs in | Layer2: Insulation material: Polystyrene 2cm
five layers Layer3: Insulation material: Air

Layer4: Gypsum wall board 5cm
Layer5: Internal walls: Brick, Common 12 cm
Type of Glasses in Inputs Double Glazing Window 12 mm

Edit Assembly %

Family: Basic Wall

Type: Wall 25 part 1

Total thickness: ~ 0.4400 Sample Height:  6.0000
Resistance (R): 0.7621 (m2K)/W.

Thermal Mass: 49.05 kI/K

Layers
EXTERIOR SIDE

Structural
Material

Function Material Thickness Wraps

Finish 1 [4] Brick, Common 0.2500
Core Boundary Layers Above Wrap 0.0000
Thermal/Air Layer [3 Polystyrene 0.0200
Thermal/Air Layer [3 Gypsum Wall Boar 0.0500
Core Boundary Layers Below Wrap 0.0000
Finish 1 [4] Brick, Common 0.1200
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Figure 13: Project materials insulation and glasses type Inputs
Source: The Author
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5.3.1. Sun Path and solar radiation analysis in the second case
The location of the sun was determined in the program and set at 12 P.M, considering this time
the peak hour in which the sun shines and affects the building as shown in Figure 14

5 oo

,,,,,

T — . .50
mascasaR e mean .

Figure 14: Left: Sun Path analysis, Right: solar radiation analysis
Source: The Author

The previous figure shows the reduction of solar energy after simulation was 251 (KWh/m?),
as the temperatures decreased in the building as a result of the use of appropriate treatments on
the facades and surfaces exposed to the sun.

5.3.2. Calculation of Heating and Cooling Loads in the second case

At this stage, the heating and cooling loads for the building are calculated in the simulation
program as shown in Figure 15 and Table 6.

&
Schematic Types ? X
Constuction Types Anelysis Properties
By default analysis properies ere generated from information in Conceptual Types
Properties of Schematic Types are used when override is selected
Category [ ovemde | Analytic Construction |
{Roofs [-] Concrete ballast, membrane, sheathing, insulation, metal deck (U=0.2970 W/(m*K))
Exterior Walls ] Brick cavity with UF foam insulation and lightweight plaster (U=0.8543 W/(m*K)
[Interior Walls [Siding, R6 insulation, interior finish (U=0.6302 W/(m*X)) -]
Ceilings (] Plaster, wood boards, glass wool on joists (U=0.8226 W/(m*);
|Floors ] Passive floor, R-4 board insulation, any cover (U=0.9198 W/(m*K))
[slabs 0 Un-insulated solid (U=0.7059 W/(m*K))

|Doors Metal (U=3.7021 W/(m*K)

Exterior Windows ] Large double-glazed windows (reflective coating) - industry (U=2.9214 W/(m*K), SHGC=0.13)
|Interior Windows 2 Large single-glazed windows (U=3.6898 W/(m®K), SHGC=0.86
|Skylights ) Large double-glazed windows (reflective coating) - industry (U=3.1956 W/(m*K), SHGC=0.13)

All None Shading factor for exterior windows: 0

OK Cencel

1 e —

8

Save Settings Cancel

100 FRGS QS0 o et

Figure 15: Project materials insulation type and type of Glasses Inputs for Calculation of Heating and
Cooling Loads
Source: The Author

Table 6: Calculation of Heating and Cooling Loads
Source: The Author

Calculated Results
Peak Cooling Total Load (W) 46.361
Peak Cooling Sensible Load (W) 39.254
Peak Cooling Latent Load (W) 4.126
Maximum Cooling Capacity (W) 42.768
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Peak Cooling Airflow (L/s) 1.234
Peak Heating Load (W) 13.048
Peak Heating Airflow (L/s) 2.3

Checksums
Cooling Load Density (W/m?) 35.74
Cooling Flow Density (L/(s-m2)) 1.20
Cooling Flow / Load (L/(s-kW)) 32.7
Cooling Area / Load (m#/kW) 15.6
Heating Load Density (W/m?) 13
Heating Flow Density (L/(s-m2)) 2

At this stage, it is shown that the cooling and heating loads have decreased better in the second
case after adding more variables of layers of materials and the chosen type of Glass, which the
result after simulation of the cooling load values is 46.361watt and heating loads to 13.048 watt

as shown in Figure 16.
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Figure 16: Calculation of Heating and Cooling Loads in the Second Case

Source: The Author

Also at this stage, it is shown that Checksums in the second Case for cooling and heating loads
have decreased better in this case, after adding more variables of layers of materials and the
chosen type of Glass, so the result of the cooling load Density values is 35.74watt/m? and
heating loads to 13 watt/m? as shown in Figure 17.
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Checksums in Second Case
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Figure 17: Checksums in the Second Case
Source: The Author

6. Results and Discussion

The previous simulation of the base case shows the increase in the value of cooling loads in the
Base case, which reached 89.878 watt, the building was affected by the high sun radiation on
the facades of the building, thus increasing the temperature of the building and causing a sense
of heat comfort for the building users. Therefore, this study requires the use of appropriate
solutions and methods to be applied in the building, such as; (insulating materials for facades
exposed to sunlight and choosing the appropriate quality of glass that reflects sunlight and
allows to access natural light only). Also, the value of Heating loads reached 18. 520 watt,
which means during the winter period, the use of heating machines are required for the place
and thus increasing the consumption of electrical energy.

The previous simulation after solutions in the first case (insulating materials for facades and
choosing the appropriate quality of glass that reflects sunlight and allows to access natural
light), shows decreasing the value of cooling loads, which reached 58.211watt. Thus, achieve
thermal comfort and natural lighting in the building, reduces the use of cooling devices and
energy consumption saving. Also, the value of Heating loads, which reached 16.035 watt,
therefore; reduces using of heating devices and energy consumption at certain times and the
possibility of the sun's heat throughout the day as much as possible and storing it for heating at
night.

Finally, the previous simulation after solutions; in the second case solutions were added and
developed to improve Project data such as; materials in layers, and type of Glass (insulating
materials for facades and choosing the appropriate quality of glass that reflects sunlight and
allows to access natural light), shows decreasing the value of cooling loads, which reached
46.361 watt, thus, achieve thermal comfort and natural lighting in the building, reduces the use
of cooling devices and energy consumption saving. Also, the value of Heating loads, which
reached 13.048 watt, therefore; reduces using of heating devices and energy consumption at
certain times and the possibility of the sun's heat throughout the day as much as possible and
storing it for heating at night.
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7. Conclusion

The research discussed the importance of BIM technology in the construction and building
industry, and its importance for its use to solve design and implementation problems, especially
in studying energy efficiency in buildings that reduce consumption to reach zero energy and the
absence of carbon dioxide.

BIM and energy simulation programs were used to test and measure the suitability of the
building with the environment, where the residential model was selected and drawn in the Revit
program and a simulation of the building was made before introducing treatments or solutions,
studying the impact of solar energy on the building and calculating the cooling and heating
loads.

After reaching this stage and extracting the results, the parameters such as; materials and
windows were added to the building to simulate it, extract the results, and make a comparison
in the presence of the difference in values. So, the research found that using BIM is a tool to
help designers to take the right decision. Future work will continue to explore and test this tool
with the simulation program used more with other variables to reach results that achieve energy
efficiency in buildings.
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