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ABSTRACT

Energy conservation is one of the challenges of our time. With the increase in buildings, energy
loss has increased. In addition, most modern designs have not provided appropriate solutions to
stop its depletion. Therefore, the research aims to reach a design vision that integrates
environmental treatments into the design process stages of buildings and is effective throughout
the project life stages in the dry, hot Egyptian climate. Therefore, the study addressed the concept
of environmental design and thermal control and its possible strategies for employing treatments
according to the stages of the design processes. Thus, the building design is as responsive and
interactive with the environment and climate as possible. Then, the study specified the treatments
regarding the design elements supporting thermal performance control. Also, it clarified the
impact of environmental control strategies and principles on costs during the project life.
Accordingly, two experiments of existing buildings that succeeded in achieving flexibility and
integration with the surrounding environment were analyzed. That was to demonstrate the benefit
of integrating treatments in improving the design of building elements to be more suitable for
climatic conditions. The most significant of these techniques was developing the geometric shape
of the outer envelope, modifying the proportions of openings and shading methods, and
designing them to be consistent with the orientation and path of the sun according to the climate;
in addition, choosing appropriate envelope materials for the site and local environmental
conditions and adopting mixed ventilation systems and open windows. Finally, the study
proposed linking the climate control treatments to the design process stages as a design vision.
Consequently, it will facilitate and encourage the investment of these treatments and their
strategies in the design to produce responses and thermally balanced buildings to the surrounding
environment.

KEYWORDS: Hot Dry, Climate Treatments, Thermal Control, Architectural Design
Processes, Environmental.
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INTRODUCTION

In light of the global energy crisis, the outer envelope of buildings plays a prominent role in energy
consumption during attempts to achieve thermal comfort, design, and construct the interior spaces of the same building
[1, 2, 3]. That depended on the design and different architectural formations, especially in hot climates [4]. There are
attempts by developing countries to import and transfer modern technology without paying attention to its suitability
to the local environment, human nature, inherited cultures, and the impact of technology on humans [3, 5].
Consequently, all of the above negatively affects public and mental health and sometimes touches on the personal
characteristics of individuals and behaviors within all spaces. The most significant thing noted is environmental
treatments were not used as architectural vocabulary stemming from the authentic environment, heritage, and history
[6, 7]. Also, not devising new vocabulary that achieves the same concept or environmental function within most new
buildings [8]. Consequently, the buildings were very far from being thermally balanced and responsive to the
surrounding environment and its conditions.

In light of the global economic crisis and environmental problems, it has become necessary for architects to
contribute to solving global environmental issues by reducing energy waste, saving it, exploiting it in optimal ways,
and benefiting from passive strategies by finding the best architectural treatments with environmental effect [9, 10,
11]. With the development of technology and modern techniques that have recently emerged, it has become possible
to provide appropriate environmental conditions, such as providing natural lighting, achieving thermal comfort in the
interior spaces of buildings, improving the sunlight distribution in the space, and controlling direct sunlight [12, 13].
The designs of buildings, both internally and externally, have witnessed and are still seeing a significant change since
the end of the last century in the type of used materials, their colors, shapes, and many other transformations. This
progress has emerged a new mechanism in architectural thinking [2, 14]. These mechanisms changed the course of
architectural thought and construction, whether these changes were negative or positive, and also clarified the
architectural features of all aspects of architectural treatments and their construction technology.

Accordingly, achieving the thermal control principle in buildings has become one of the basic concepts that
architectural designs must include within different environments [15]. Also, applying the thermal control method to
buildings varies according to regions and climatic environments. These methods highlight the environment with a hot,
dry climate as areas with specific thermal control strategies that require specific environmental design treatments to
achieve them [16, 17]. These treatments are implicitly integrated with the general building design to take on a formal
or detailed dimension. Generating many environmental treatments because they vary based on the building's function,
its specific areas, and the surrounding environment [18]. These treatments can be utilized during different stages of
design to take advantage of the positive climatic features of the area, mitigate any harmful effects, and achieve effective
thermal control within the building. The variety of environmental design treatments that can be utilized during the
design process, in addition to their varying impact on the strategic goal for which they were used, has made it difficult
for a large number of designers to have sufficient knowledge of most of these treatments and the appropriate stage to
employ them.

RESEARCH PROBLEM

The phenomenon of buildings having designs that are not compatible with the climatic conditions of the
external environment is increasing [4]. Therefore, they depend entirely on mechanical air conditioning methods. Hence,
increasing energy consumption to provide suitable environmental conditions, achieving thermal comfort through
industrial ways, and not exploiting natural lighting and ventilation. In addition to neglecting to activate design
treatments inside or outside buildings being suitable for the environment to benefit from them as climate solutions to
achieve a built environment characterized by thermal comfort appropriate for users [2, 16, 18].

Furthermore, it is difficult to determine the environmental design treatments for each climate, especially the
hot, dry climate of Egypt, during the design process stages, and not following one of the strategies for thermal control
methods: passive or active strategies [10], [19]. Consequently, the building’s thermal performance is insufficient and
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can not controlled, resulting in buildings being thermally unbalanced and unresponsive to the surrounding environment
[13], [20].

RESEARCH AIM AND OBJECTIVES

The research aims to reach a design vision that integrates environmental treatments into the stages of building
design processes within the hot, dry Egyptian climate by classifying these treatments within these successive stages to
facilitate maximum benefit from all possible treatments within the buildings and the surrounding site. Hence, the
objectives are:

1) To identify the concept and architectural thinking of environmental design and its role during the design
process to support thermal control objectives as a significant feature that must be achieved.

2) To specify and define thermal control strategies to make the design responsive and environmentally interactive
by employing environmental treatments in the design elements according to the stages of the design processes
and the project's complete life.

3) To clarify the impact of integrating environmental thermal control strategies and principles on costs within
the stages of the project life.

4) To examine and analyze existing projects to prove the benefits of adopting climate treatments in the stages
and processes of design and linking them to those stages after classifying them to encourage their investment
and application to produce buildings that are thermally balanced and responsive to the surrounding
environment.

5) To propose a design vision that ensures the achievement of the environmental requirements of the design
project by employing possible treatments according to the four strategies for thermal control during the year.

RESEARCH METHODOLOGY

The inductive approach was to clarify and explain the concept and architectural thought of environmental
design and its role within design processes. Consequently, the study confirmed the thermal control role and its
objectives, which can be achieved through several strategies and employing environmental treatments in the design
elements such as form, building materials, openings, and ventilation. These treatments are implemented throughout
the design process, from the outside to the inside of the building, to support the design to be responsive and interactive
with the climate and the surrounding environment.

Hence, the significance of the analytical approach becomes clear to investigate and assess the impact of
integrating environmental control strategies and principles on costs throughout the diverse stages of a project's life
cycle. This integration aims to enhance the architectural design development according to its design process stages.
However, the climate control elements are the essential design components, and their quality and efficiency cannot be
evaluated in isolation. Hence, fundamentally testing these elements in conjunction with other elements within a project
or building to reach a cohesive and integrated composition. Consequently, two experiments were studied and analyzed
as examples of existing buildings that achieved flexibility and integration with the surrounding environment while
dealing with the hot, dry climate. Thus, it is possible to identify the environmental and climate treatments, design
elements, and effective methods used. That is to demonstrate the benefit of their impact on improving the design of
parts and components of existing buildings to be more suitable for the climate and surrounding environment.

For the study to reach a design vision that achieves the requirements of the environmental aspect of the design
project by employing environmental treatments that achieve strategies of resisting heat gain and allowing heat loss and
permitting heat gain and resisting heat loss in the hot, dry Egyptian climate throughout the year, according to the design
phases. The study relied on the deductive approach that depended on two previous approaches to reach such a design
vision for buildings from the outside and inside in a hot, dry climate. That was done by linking climate control
treatments, especially those with self-management methods and active methods, to the stages of the design process to
facilitate and encourage the process of investing in these treatments and strategies for their application during the
design process to produce buildings that are thermally balanced and responsive to the surrounding environment.

1.1.The Concept and Architectural Thought of Environmental Design and Its Role During
the Design Process

Architecture is the result of the interaction process between environmental variables and humans. Architecture
is an entity that represents the translation of the mutual relationship between these two sides [18, 21]. Therefore,
buildings acquire different characteristics according to the regions and climatic environment to which they belong and
are called environmentally responsive buildings. However, some of the repercussions of technological development
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and total reliance on mechanical air conditioning systems without taking into consideration the surrounding
environmental conditions have reduced the importance of the building’s role as a filter between the external
environment and the specifications of the internal environment [2, 17]. This has resulted in buildings with low
construction costs and high maintenance and operating costs, assuming the existence of inexhaustible energy sources.
Today, the limited energy sources will require embracing different designs to create a stable indoor environment that
meets the thermal comfort requirements of humans, hence using and employing designs primarily based on responding
to the daily and seasonally changing climatic conditions [13, 22]. Therefore, efficient thermal performance will require
a complex interaction between the external environment and the properties of the internal environment, mediated by
the building envelope and the mechanical systems of any building, as this interaction is a measure of thermal comfort
in the building. Here, the difficulty of dealing with external and internal thermal loads appears in their change from
one hour to another and from one season to another. Another difficulty is the numerous possibilities and design
alternatives proposed to solve these problems. Here, the role of the ideal or most appropriate design process will appear,
as it is the guide that will work to achieve the best formulas for balancing between the design requirements and the
requirements of the environmental response from the thermal aspect of the building. Hence, reaching a convincing
settlement between these two parties to achieve the concept of thermal control of the building.

1.1.1. Thermal control

When there is a difference between the indoor and outdoor air temperature, it shows the thermal energy
transfer from inside the building to its outside environment in winter. On the other hand, thermal energy is transferred
from the outside environment to its inside in the summer [20, 21]. The building loses heat in the winter and gains heat
in summer. That shows the effect of climatic factors on humans and the built environment through the need to use
energy for cooling or heating to provide thermal comfort inside the building [13].

However, achieving thermal comfort with minimal additional heating and air conditioning costs is one of the
main requirements for buildings [15, 18]. That makes thermal control an influential feature that must be achieved in
designs. With the diversity of the seasons throughout the year, thermal control priorities and levels differ, especially
between summer and winter, as they are the most dominant seasons [10, 23]. Hence, this calls for setting objectives to
control thermal transfer across building components to ensure the intended thermal comfort remains at the required
levels.

Then the thermal control objectives are as follows:

e  When the external temperatures are high, outside the thermal comfort range, and the thermal control
objectives of the building are:

1) To reduce heat gain from outside the building.

2) To increase heat loss from the building to the outside.

3) To provide a source of internal cooling to eliminate the effect of any heat gain.

e  When the external temperatures are low, below the thermal comfort range, and the thermal control objectives
of the building are to achieve one or more of the following aspects:

1) To reduce heat loss from the building.

2) To increase heat gain from the sun and external heat sources.

3) To furnish an internal heat source to compensate for each heat loss.

Accordingly, the first two objectives in each group can be achieved using a strategy that relies on constructive
or building methods, such as the passive method. On the other hand, the third objective in both groups can be achieved
by a strategy that relies primarily on additional energy, such as the active method.

1.1.2. Thermal control strategies

Many methods can be used in climate design for thermal control purposes [4]. They differ depending on the
technology used. They all fall under a general classification, namely active and passive methods. Both types rely on
thermal control strategies represented by the basic working principles of monitoring the opportunities to allow or
prevent thermal transfer defined by heat gain or loss according to the time forecast of the daily and annual climate
cycle [8]. The difference between the passive and active methods is evident in the foundations of these methods. While
the passive method focuses on increasing the use of renewable energy rather than depleted energy, the passive method
focuses on integrating with design “principles” to reduce the need for energy consumption [10]. The passive design
principles often include adopting methods that support design decisions at the building level in terms of form,
orientation, building materials, and other decisions [24].

Because the passive method is more involved in the design process, its general purposes can be achieved
through structural and building techniques that instantly meet the main design decisions in its various stages [25]. The
passive method in building design depends on benefiting from the positive effects of the surrounding climate, and it
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closes off from it when the climate is the opposite. Therefore, it requires greater architectural privacy to benefit from
the opportunities to conserve the provided energy by the surrounding circumstances [26]. In addition, it brings to mind
the image of the old traditional buildings that have proven their efficiency and success in adapting to environmental
conditions for many years. Many have tried to devise a method that explains the types of self-thermal control strategies
according to the summer and winter seasons. The methods of applying these strategies have varied at the design level.
Also, they have taken several forms with the diversity of climate characteristics university, such as cold, hot, dry,
moderate, warm, humid, coastal, desert, and semi-desert climate. Because of the comprehensive nature of self-design
objectives, they are incorporated into all stages of the design process to become influential architectural elements,
starting from defining the design concept through making external formal decisions and determining the criteria for
selecting building materials.

1.2. Employing Environmental Treatments According to The Design Process Stages from
Outside to Inside of The Building

Many studies have focused on classifying the design processes of buildings or projects into four stages. Each
stage includes a set of climate control treatments summarized in Table 1, which can be employed according to each
specific design stage to achieve the above-mentioned thermal control strategies. These climate treatments have been
proposed according to an approach parallel to the design process. This approach starts with the design of the site and
outdoor spaces and ends with the detailed design of the openings and the selection of building materials [20]. Also,
many climate treatments suit the different climates of the world. As for the treatments that are suitable for the hot, dry
climate according to each of the four stages, they are as follows:

1) Site planning and design phase and building mass

The possibility of controlling the effects of the external environment of the building is wide within this phase.
Methods of avoiding the harsh conditions of the external environment may vary and take several forms, such as
determining the direction of seasonal winds to choose the most appropriate orientation for the building mass and
employing adjacent and planted trees to shade from direct sunlight [4]. It is also possible to benefit from any water
source on the site to improve the microclimate area surrounding the building [14]. It is also possible to control the
external site finishing materials that affect one manner or other the building's thermal performance.

There is a significant impact on core design decisions that helps avoid the harmful effects of the external
environment in both summer and winter and produce a building with high thermal performance efficiency. One of
these decisions is to reduce the external surface area of the building mass to reduce its exposure to the external climate.
It is also possible to bury the most extensive possible volume of the building mass under the ground to reduce its
exposure to all external environmental influences. Also, orienting the building mass in the southern direction, which
increases solar gain in winter and thermal avoidance in summer, has a significant impact on the level of thermal
performance of the building. Therefore, the designer's orientation of this stage is to search for projecting, distributing,
and choosing the ideal place for the building within the site and investigating the best direction for directing the
building. That requires studying both the movement of the sun and the direction of the local winds and investigating
the direction of the local winds and dust storms to exploit the site components like the adjacent buildings and trees for
protecting the building mass. Also, it is recommended to plant trees and shrubs within the site for shade, dust repelling,
and moderating the area climate surrounding the building block.

2) Building plan design stage

Some design treatments are utilized at the level of the internal plan to increase the thermal performance
efficiency of the building, such as employing transitional spaces between the internal and external environments [11].
An example is treating the central courtyard to help create a microclimate or internal environment close to the thermal
comfort zone [13]. Also, the internal air movement process can renew the air continuously using an air catcher and
create vertical air paths that achieve air movement inside the building [6]. Besides, spaces can be distributed according
to their occupancy times based on the movement of the sun to increase solar gain in winter or avoid it in summer.

At this stage, the designer's approach is to reduce the negative impact of these harsh conditions on the building
mass due to the harsh external climate in hot, dry areas. For this reason, it is preferable to reduce the building's external
area by using compressed shapes containing a small surface area to volume ratio often directed inside using internal
courtyards. Also, it is preferable to shade the building's openings and external spaces from the sun in the summer.

3) Building envelope design stage:

Many treatments are used to reduce heat gain in summer and heat loss in winter through the building mass.
That is by controlling the properties of building materials to have a high thermal capacity, using insulators, or shading
the walls and ceilings with sunshades and climbing plants [23]. Also, roofs can be treated as one of the most exposed
surfaces to solar radiation by using secondary roofs, planted roofs, and basin roofs as an additional layer separating the
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internal and external environment [2]. Besides, double walls and roofs protect the building from direct solar radiation
in the summer, change the air mass surrounding the building, and store solar energy for heating purposes in the winter.

The designer's approach at this stage is to benefit from the daily variation in temperatures between night and
day so that the walls and ceilings have a pre-controlled thermal performance. That can be achieved using materials
with specific structural properties, such as materials with the high thermal capacity and materials with low thermal
conductivity and insulators. Also, it is recommended to pay extra attention to shading the walls and ceilings from the
sun's rays to reduce the amount of rays they may receive daily.

4) Openings design stage:

The decisions to design building openings depend on two main pillars; the first is controlling natural
ventilation, and the second is controlling solar radiation to reduce heat gain through the openings in the summer and
increase it in the winter [15]. Hence, there is a set of treatments to achieve these two pillars. These treatments reduce
the proportion of glass areas on the facades and shade these openings from the summer sun rays. Besides, choosing
the appropriate direction for the openings, controlling their areas for natural ventilation purposes, using glass materials
with heat-insulating and solar-reflective properties, and employing some details of the openings to reduce air leakage
through them in summer and winter [20].

The designer's approach at this stage is to design the building's opening treatments by controlling:

The first is solar radiation achieved by choosing the correct shape of the glass openings, their orientation, and
shading, such as reducing the percentage of glass openings in the eastern and western facades and shading them.

The second is natural ventilation through adopting healthy ventilation strategies during moderate periods and
employing the stack effect, which depends on the drop in temperatures at night to cool the building mass as a result of
the difference in density between the air inside and outside as a result of the difference in temperature and humidity.

Table 1: Classification of environmental treatments according to the design stage to improve the thermal
performance of a building.

No. | Staged design Related treatment of climate control strategies
processes
1 | Site planning | To utilize the terrain and surroundings for shading, reduce the reflectivity of external
and design finishing materials, eliminate wind disturbances in summer and winter, and use
stage and evaporative cooling on site.

building mass | To reduce the surface area of the building mass, orient the building mass, and bury the
building structure.

To study the shape and orientation of the building, landscape the site, invest in water
bodies within the site, design open spaces, and choose external finishing materials for the
land surrounding the building.

To form the exterior design of the building and building elements, orient the building, and
consider the surface-to-volume ratio.

2 | Building plan | To use the central courtyard and wind catcher, construct an air shaft inside the building,
design stage and shed spaces and activities with the sun's movement.

To use compressed or integrated shapes and shade the external spaces.

To design the internal walls and partitions of the building.

3 | Building To use secondary roofs, insulate materials, high thermal capacity materials, and reduce
envelope walls and roofs. To use climbing plants and trees for shading, planted roofs, basin roofs,
design stage and double walls and roofs.

To use insulators with High thermal capacity materials, materials with low conductivity,
and shade walls and roofs.

To Select roof and exterior wall finishing materials (colors and texture of exterior finish),
building materials, interior finishing materials, and insulating materials for roofs and

walls.
4 | Opening To reduce openings, orient openings, shade openings, control opening areas, and use
design stage materials with insulating properties. To use construction details for openings to reduce air

leakage. At the level of solar energy protection treatments, choose opening shapes, and
shade openings, and decrease opening ratios.
To choose the building opening pattern, open shape.
At the level of natural day treatments, use the cross-ventilation phenomenon, and stack
effect to dispose of excess heat.

This method is compatible with many trends in building design, which were also formulated according to the
natural sequence of design stages divided into four. Each stage comprises a set of recommendations that were later
translated into design treatments according to the different kinds of climates.
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Hence, achieving environmental design requirements and thermal control strategies cannot be isolated from
other life requirements. But they must all be in line with economic aspects, social and local conditions, and in a way
that achieves the functional and symbolic requirements of the building or project so that the design style or approach
followed is responsive or interactive in terms of climate and environment and with the rest of the requirements and
needs of humans or users.

1.3. Environment and Climate-Responsive Design

The approach, method, or methodology of environmentally and climatically responsive design always seeks
to make the surrounding conditions of the building within the comfort zone or at least as close to it as possible [23],
[27]. The basic idea behind climate-responsive design is to consider climate as a design criterion in all aspects of the
building and the built environment and approach the ideal comfort zone to improve the built environment states
compared to the external environment conditions [13]. The thermal comfort zone for hot, dry climates is determined
by dry bulb thermometer temperatures and relative humidity within the optimum thermal comfort zone range between
22.5 and 28.5 degrees Celsius and relative humidity between 30% and 70% [15].

Making changes to these four stages of the design processes in sequence from the outside to the inside is to
make the possibility of controlling the internal conditions of the building as significant as possible. Besides, considering
them as stages of environmental climate design, employing environmental treatments according to those stages during
the design processes from the outside to the inside of the building was previously mentioned.

1.4. Design Elements Supporting the Control of The Thermal Performance of The Building
or Project

For any building beginning to be designed, its thermal performance can be controlled through a set of design
elements that have the most prominent impact on thermal performance to produce better buildings and efficiency in
terms of energy use and provide a comfortable internal environment [14]. These elements are called design variables,
as in Table 2, and they are:

1) Form: this can be controlled either through the ratio of external surface area to volume or by orienting the
building in the direction that gains the least thermal energy in the summer and the highest thermal energy in
the winter [6], [17].

The first main design decisions determine the size of the different blocks and develop the external shape of
the building. Then comes the second stage of designing the building form. During this stage, the overall shape of the
building is according to two influential strategies: compact versus complex forms. For example, compact shapes are
best in climates that require the least possible heat gain, such as hot, dry climates. However, their ventilation and
lighting will be indirect. But with complex shapes, which have the possibility of natural ventilation, it is easier and
better.

2) Building materials: this means specifying the efficiency of external surfaces for absorption and reflection.
The use of heat-resistant or reflective insulators or insulators with thermal capacity. The possibility of shading
walls and external surfaces [11], [28].

One of the essential things is the speed of response of the building mass according to its construction materials
to thermal effects and their internal and external changes. That is related to the properties of the used materials, such
as thermal conductivity and heat capacity, determined during this stage.

3) Openings: they refer to the possibility of controlling the openings on several levels, such as the opening size,
location, orientation, the glass type used in the openings, and properties, in addition to mechanisms for shading
the openings, such as external umbrellas fixed or movable or internal barriers, such as curtains [18, 27].
There are several methods for controlling thermal energy through the building envelope. These methods

include controlling solar radiation through shading or reflectivity of external wall surfaces, controlling glass openings
of all types and directions, and controlling internal natural ventilation. That provides an opportunity for the designer
to make design decisions regarding any control methods he will adopt during this stage.

4) Ventilation: this refers to dealing with ventilation as a double-edged sword. That is because the building needs
to dispose of unwanted heat through ventilation when the internal temperature increases from the external
temperature [7]. At the same time, there is a need for the method of constructing openings to be tight to reduce
air leakage that occurs in summer and winter when the same contrast occurs between the internal and external
temperatures, which are often during the day in summer and at night in winter [4].

The internal planning of the building aims to integrate the envelope with the body within a single composition
to divide the building internally in some way. This method allows for the permeability of light and heat in the winter
and controls in the summer, besides increasing natural ventilation within the building spaces comfortably and without
internal obstacles.

321 JAUES, 20, 74, 2025



Integrating Environmental Treatments into Building Design Processes in The Dry Hot Egyptian Climate

Table 2: Classification of environmental treatments according to design variables to improve the thermal
performance of the building.

No. Design Dependent treatment of each variable
variables
1 Form To consider surface/volume ratio and building mass orientation;
To minimize building size, building exterior shape, and building mass detail;
and

To shade surfaces and walls, achieve absorption and reflectivity of surfaces and
walls, and use insulators and materials with high thermal capacity.

2 Materials To invest in the specifications of different glass materials. To use thermally
insulating materials. To consider properties of building materials, such as
thermal conductivity, heat capacity of materials, and select finishing materials.

3 Openings To control the opening size, orient openings, have thermal properties of glass
materials, and shade openings.
4 Ventilation To ventilate the building mass and reduce air leakage in the summer and winter

(to and from) a building. To integrate the envelope with the mass to allow light
and heat to pass through in winter and reduce them in summer, in addition to
natural ventilation.

1.5. The Impact of Integrating Environmental Control Strategies and Principles into The
Project Life Stages on Costs

Integrating these strategies and principles increases the initial cost of the building but reduces the long-term
operating cost [1]. That supports the application of climate treatments and keeps it within the acceptable comfort range
[20]. The type of treatments proposed by the study within each stage are initially preventive treatments. As the design
process progresses in depth into secondary or detailed design decisions, environmental treatments shift from preventive
to curative [16]. The overlap between potential treatments, development stages of the design processes, and project life
is as follows in Table 3:

1) The preliminary studies: within the site study and outdoor space design phase, decisions regarding site
selection and comprehensive building sizes significantly impact the environment and energy [8, 17].
Decisions that consider environmental aspects often have positive effects to decrease future operating costs.

2) The preliminary and final design stage: designing the building mass and developing initial concepts about the
geometrical formation and orientation [22]. The decisions regarding alternatives to the building’s shape,
height, and orientation have a beneficial influence on comfort and energy levels and have little effect on
increasing construction costs remarkably.

3) The final design stage: is to select building materials, distribute openings, and detail the building mass from
the inside and outside [27].

4) Quantities, specifications, and details preparation stage: glazing systems and thermal insulation materials
reduce needing energy [23]. However, no matter how efficient the glass and insulation materials are, they will
not completely cover up errors in orientation, improper shape, or even large glazing areas. That will lead to
an increase in the value of operating costs over the life of the building.

5) The implementation stage: decisions regarding the selection of building materials are made, which often have
a specific impact on the level of the indoor environment, user comfort, and thermal performance of the
building [6].

According to the design process, environmental treatments are classified into two types, i.e. Corrective and
preventive treatments. The preventive treatments are taken in the early stages and the latter in the late stages of the
design process. Preventive decisions ensure high-performance efficiency and significant flexibility and are more
thoughtful. Corrective decisions attempt to improve performance or enhance internal environmental conditions.
Climate treatments are design elements, and the quality and efficiency of these elements cannot be judged without
testing their composition and application with a group of other elements within a project or building to come up with
a single, integrated composition.
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Table 3: Development stages of design processes during the building life with the impact of incorporating
environmental control principles at construction and operating costs.

No. Integration Integration Cost Impact
Phase of Environmental | Opportunities
Control Strategies and
Principles
1 Preliminary studies Very High Few within the proposed design alternatives
2 Preliminary design High Few, according to the decisions regarding the
development of the approved proposal
3 Final design Good Medium, according to the accuracy of the used
details and the required calculations to improve
the building’s performance.
4 Development of final Limited Greater due to the possibility of adding more
design treatments or replacing them with new
treatments
5 Preparation of BOQ, Very Limited Greater due to the need for accurate description
specifications, and and mention of implementation details, and when
details adding
6 Implementation Very Limited Very high cost when adding, changing, or having
modifications
7 Use Very Limited Very high cost with the difficulty of adding,
changing, or modifying

1.6. Case Studies

Two experiments were studied and analyzed: the Sea Towers in the United Arab Emirates and the Central
Bank of Iraq building in Baghdad. They are examples of existing buildings that succeeded in flexibility and integration
with the surrounding environment to deal with the hot, dry climate and relied on the self-sufficient and effective
method, as in Tables 4 and 5. Then, the environmental climate treatments, design elements, and strategies for each
method were extracted so that architects could follow in their designs for new buildings or try to improve the design
of parts and components of existing buildings to be more suitable for the climate and surrounding environment.
Accordingly, a design vision can be reached for buildings from the outside and inside in the hot, dry climate.

o C(riteria to select the two case studies:

1) The selected buildings must have been implemented and operated for a while and have passed the design and
preliminary study stage.

2) They must be located within a hot, dry climate similar to the local Egyptian climate.

3) The buildings must be newly constructed within the last twenty years.

4) The selected buildings must have been evaluated according to international evaluation systems and have
obtained one of their certificates.

e  Criteria to analyze the two selected case studies:

1) To follow a parallel approach to the design process and serve the design variables and climate environmental
treatments associated with each variable. This approach starts with the design of the site and outdoor spaces,
then ends with the detailed design of the openings and the selection of building materials, utilizing and
integrating many climate treatments compatible with the hot, dry climate.

2) To show and explain each of the environmental climate control treatments used within each case study during
each of the four stages of the design process, summarized in Table 1.

3) To clarify the benefit of each treatment that could be employed according to each specific design stage to
achieve the thermal control strategies targeted for each case study to allow or prevent thermal transfer defined
by heat gain or loss.

1.6.1. The first Case Study (Bahar Towers - Abu Dhabi)

The Sea Towers is a development project in the Emirate of Abu Dhabi, United Arab Emirates. It is an
innovative and environmentally friendly twin tower that comprises 29 floors and a height of 145 meters. It serves as
the headquarters of the Abu Dhabi Investment Council and the main offices of Al Hilal Bank by Aridas Company [29].
It was also selected in 2013 by the World Council on Tall Buildings and Urban Habitat to be among the best
architectural designs in compatibility and innovation that comply with all environmental standards, as shown in Fig.
1.
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Fig. 1. The external architectural composition of the twin towers of the Abu Dhabi Sea Towers and their
relationship with the surrounding local environment. On the right is the complete closure of the triangle units,
and on the left is the opening of those units during daylight hours [29].

The design concept is inspired by Mashrabiya, a geometrically carved wooden lattice screen that was placed
on the windows of traditional Arab architectural houses to provide privacy, visual visibility, and protection from the
sun’s rays, as shown in Figs. 2, 3, and 4, which shows the details of the interaction of moving triangles with climatic
conditions. The Al Bahr Towers are environmentally friendly and are among the first buildings in the Arabian Gulf
region to receive the Silver rating of Leadership in Energy and Environmental Design (LEED), and came in second

place in the Emporis Skyscraper Awards 2012 after competing with 300 of the best high-rise projects in the world.
e — :
- - 4

Fig. 2. The triangles that make up the outer wall in front of the glass envelope are covered with finely
perforated glass fibers. These fibers are programmed to respond to the sun's movement and are equipped with
sensors that allow them to open or close completely or partially, depending on changing weather conditions
[29].

Fig. 3. The ability of the external triangular units to provide shade for the building and its interior space and
allow for adequate lighting and good ventilation [30].
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Fig. 4. Various positions of the external triangular units according to the external environmental conditions

provide flexibility with all conditions [30].

Table 4: The impact of environmental treatments in the Al Bahr Towers building in Abu Dhabi, according to
each design stage on improving the thermal performance of the towers.

No. Staged Impact of treatments used in Al Bahr Towers Building - Abu Dhabi
design processes

1 Site The facades of the towers were designed in a traditional Arabic
planning and | architectural style. A notable feature of these towers is a protective wall

design stage and
building mass

composed of 2,000 glass segments that resemble an umbrella. This wall can
open and close automatically, responding to the position and intensity of the
sunlight. The design draws inspiration from the "Mashrabiya," which are
intricately carved wooden lattice screens traditionally used on the windows of
Arabic homes to shield them from the sun.

The world's largest computerized facade cools a honeycomb facade of
the towers. These elements, which open and close in response to the sun's
movement, help reduce internal heat gain by about 50 percent. Solar panels on
the roof to heat water were used, and the tower overlooks the sea from all
directions.

The outer envelope had a glass cylinder form, supported by a structure
carrying an intelligent dynamic shading system, and programmed to respond
instantly to solar radiation intensity, sun direction, and temperatures.

The design concept is culturally and environmentally appropriate and
meets the objectives of the Abu Dhabi 2030 Development Plan. The exterior
design of the Al Bahr Towers is conscious of the environment and considers the
local environment and surrounding climatic conditions. The exterior design is
streamline designed that combines architectural innovation with advanced
technology in environmental systems and intelligent building control and
management systems. This process is done automatically and instantly through
the building's intelligent management system (BIMS), which reduces solar gain
and achieves the highest energy efficiency in cooling and ventilation operations.
The northern facade of each tower also includes photovoltaic cells that generate
approximately 5% of the total energy required for the building.

2 Building
plan design stage

The tower’s design was inspired by the traditional “Mashrabiya” that
adorned the windows of conventional Arab homes since the 14th century. This
clever architectural design of the Mashrabiya provides both shade and privacy
to the interior spaces. The towers can accommodate between 1,000 and 1,100
employees each. At the same time, it allows for a constant view of the
connection outside and to the surrounding environment. Adjustable shades help
reduce internal heat gain from sunlight by about 50%. That reduces glare,
improves daylight penetration, reduces reliance on artificial lighting, and saves
energy.

The top floor of the towers features shaded internal gardens along the
southern fagade, which mitigate the effects of sun exposure, with large areas
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used for meetings and breaks; besides, a wide range of shared facilities,
including prayer rooms, restaurants, and a lecture hall.

3 Building The movable wall is located two meters from the exterior facade of the
envelope design | buildings in an independent frame. This wall consists of triangles, each covered
stage with micro-perforated glass fibers and programmed to respond to the sun's

movement. These triangles are equipped with a combination of sensors that
open the units in case of changing weather conditions. The building
management system dynamically controls the facade of the Al Bahr Towers.

That creates a ventilated space that acts as a thermal insulator, supports
air movement with the chimney effect, supports natural ventilation of spaces,
reduces the heat transfer rate between the inside and outside U-value, and helps
cool the outer shell of the building.

Chosen stone or stone colors were like finishing materials for the
surface. Also, external walls were to match the surrounding environment colors,
especially in the external fixed parts of the building.

The south-facing roofs of each tower feature photovoltaic cells,
generating approximately 5% of the gross energy required for water heating
from renewable sources.

The ventilation and cooling strategy is considered mixed ventilation
and an openable outer envelope in some spaces. It is characterized by merging
natural and artificial ventilation, thus reducing annual energy consumption and
creating a healthy indoor environment.

The shading system units are made of non-opaque microfiber glass,
which achieves a degree of transparency with good thermal insulation and
penetration of natural light while preventing solar radiation from entering the
interior spaces.

4 Opening At the level of natural daylight treatments, the cross-ventilation
design stage phenomenon and the stack effect were used to dispose of excessive heat.

This dynamic Mashrabiya reduced the amount of solar radiation
entering the building by half. Hence, it saves a lot of electricity consumed by
air conditioning and the ability of the awnings to provide shade to the building.
In addition, the ability of the awnings to provide shade for the building pushes
the designers to dispense with dark glass that blocks external light at all times.
That saved electricity consumed by lighting during the day.

The percentage of openings on the northern facades is 90% of the area
of the same facade. But it ranges from zero to 75% of the area of the southern
facade.

The openings are shaded by movable shading elements that react to the
sun’s movement through the intelligent building management system. The
intelligent building management system with sensors and motors controls their
movement. This system reduces solar gain by 50% and glare and dazzle to
improve the natural lighting of the interior spaces. That leads to the highest
energy efficiency in cooling, ventilation, and artificial lighting and the reduction
of carbon emissions by 1,750 tons/year.

The openings adapt instantly to the solar radiation of similar glass
facades. The building's orientation and the sun's path were studied to suit the
sun's direction and the temperature, monitored by a miniature weather station.

1.6.2. The Second Case Study (Central Bank of Iraq Building in Baghdad)

The Central Bank of Iraq building is in Baghdad's Al-Jadriya neighborhood and is the organization's new
headquarters. At 173 meters tall and 90 thousand square meters inside, it is among the tallest structures in Iraq. It has
three stories below ground and 35 floors above. It has a museum, offices, gold and cash storage warehouses, and green
areas around the building.

It was completed in 2023, as shown in Fig. 5, where its facades overlook the Tigris River in the center of
Baghdad. Its high, towering exterior shell is distinguished by a unique design that combines innovative architectural
formation and compatibility with the surrounding orientation and climatic conditions.
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The building has won the 2023 CTBUH exterior envelope design creativity award. It has received a very good

BREEAM and Silver (50-59 points) rating from LEED, and the design office is Zaha Hadid. It was the first project
designed by Zaha Hadid in Iraq.

.

s P

Fig. 5. The external architectural composition of the Central Bank of Iraq building and its relationship to the
surrounding local environment on the right, as well as to the surrounding urban area and the Tigris River on
the left [31].

The design concept is to raise the Central Bank of Iraq on the banks of the Tigris River in the capital, Baghdad.
The building is characterized by a dynamic design, and the building design translates to the core values of the bank,
which are strength, stability, and sustainability. It reflects the historical importance of the Tigris River, as it was the
main trade route for the city and a source of fresh water for thousands of years. The design presents a side of
contemporary values rich in traditions and historical relationships.

The project consists of a tower and a base. The tower has a small base that widens in the middle to improve
the design performance. Then, the building body narrows again until the top of the tower. The base was designed
horizontally toward the river and contains a lobby that provides natural lighting inside the entrance overlooking the
river.

As shown in Figs. 6 and 7, the project's facades were covered with an external structure that forms alternating
patterns of open and closed elements that simulate light reflections and enhance the dynamic design. Also, it serves the
purpose of providing multiple areas of light and shadow within the tower. The structure covers the entire tower base
and begins to open up as it rises to the top, as the parts of the structure move away from each other vertically and

extend along the length of the tower. The base is also covered with the same structural panels as the project appears as
a single mass.

Fig. 6. The distinctive architectural design of the northern facade on the right and the southern facade on the
left of the Central Bank of Iraq building [31].
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Fig. 7. The dynamic design of the sun breakers changes with height along the body of the building as the
angles of sunlight change to the facades of the Central Bank of Iraq building [31].

Table 5: The effect of environmental treatments in the Central Bank of Iraq building in Baghdad according to
each design stage on improving the thermal performance of the building.

Staged
design processes

Impact of treatments used in the Central Bank of Iraq building in
Baghdad

Site
planning and
design stage and
building mass

The building envelope is tall and towering with a unique design
combining innovative architectural form with compatibility with the
surrounding orientation and climatic conditions.

The building is located on the banks of the Tigris River and features a
dynamic design. The building’s design translates the bank’s core values of
strength, stability, and sustainability, reflecting the historical importance of the
Tigris River. The river has been the city’s main trade route and source of fresh
water for thousands of years. The design offers a contemporary expression of
values rich in tradition and historical connections.

The tower has a small base that widens in the body midpoint to
improve design performance. It then narrows back to the tower top. The base
design is horizontally toward the river and contains the lobby that provides
natural lighting inside the entrance overlooking the river.

Building
plan design stage

The facades are mainly shaded, as the horizontal projection of the
tower is designed as a square, increasing its area towards the top by increasing
the area of the horizontal projections of the floors until the tower's middle. That
helps in self-shading large areas of the facades and the body of the building.

The design of the outer envelope of the Central Bank of Iraq Tower
depended on the principle of mixed ventilation through open windows. It
achieves a combination of natural and artificial ventilation. Therefore, relying
entirely on artificial ventilation in tall buildings leads to high energy
consumption and the creation of an unhealthy indoor environment.

Building
envelope design
stage

The facades are covered with an external structure that forms
alternating patterns of open and closed elements that simulate light reflections
and enhance the dynamic design. Also, it serves the purpose of providing
multiple areas of lighting and shadow within the tower. The external envelope
design of the Central Bank of Iraq Tower carries environmental awareness and
consideration for the local environment and surrounding climatic conditions.

Its outer shell was streamlined and designed to combine engineering
innovation with high efficiency in dealing with high temperatures and solar
radiation. The geometric shape of the mass has vertical concrete breakers on the
southern, eastern, and western facades. The dimensions and directions of the
breakers change in a streamlined manner along the tower height due to their
design having dimensions and angles according to the sun's path. That is to
protect the internal spaces from excessive solar gain and increase the energy
consumption efficiency in cooling and artificial ventilation works.

328 JAUES, 20, 74, 2025




Integrating Environmental Treatments into Building Design Processes in The Dry Hot Egyptian Climate

4 Opening The external envelope design of the Central Bank of Iraq Tower
design stage departed from the traditional image of a building with identical glass facades.
The building orientation and the sun path were studied so that the proportions
of the openings of each facade would suit the proportions of solar radiation
exposed to it. Consequently, large glass surfaces were employed on the northern
facades. The selected vertical concrete breakers provide the insulation and
shading for the openings within the southern, eastern, and western facades. That
increased the efficiency of energy consumption and increased the rates of
thermal comfort in the interior spaces. The proportion of openings on the north
facades represented 75%, while they represented 20% of the area of the
southern, eastern, and western facades.

In addition to using concrete breakers in the southern, eastern, and
western facades, their dimensions change. Thus, the breakers reduce the heat
transfer rate between the interior and exterior U-value by using curtain walls of
double-insulated glass on the northern facade. The used vertical breakers of
reinforced concrete are wrapped with locally manufactured artificial stone
cladding. Therefore, achieving efficiency in the consumption of cooling energy
for the interior spaces and saving the implicit energy consumed in their

manufacture, transportation, and installation.

It is clear from the above that the buildings under study (Al-Bahr Towers and the Central Bank of Iraq) used
several common means and methods in dealing with the climate and surrounding environment. Several results showed
that these means had an influential impact on the environmental performance of the buildings. The most important of
these means was studying the geometric shape of the outer envelope, as in Tables 4 and 5, and consistently designing
it with the orientation and climate. Also, employing the proportions of openings and shading methods, creating them
according to the orientation and sun path, choosing suitable envelope materials for the site, climate, and local

environment, and adopting mixed ventilation systems and open windows in the buildings.

These two case studies are Al Bahr Towers in Abu Dhabi and the Central Bank of Iraq Building in Baghdad,
which confirmed what the research adopted from the study begins regarding the importance of employing
environmental treatments according to the stages of the design processes from the building outside to the building
inside within the four stages previously mentioned in Table 1. They are the stage of planning and designing the site
and building mass, the designing stage of the building plan, the designing stage of the building envelope, and the
designing stage of the openings.

RESULTS AND DISCUSSION

After being exposed to the possibility and reliable opportunity to link the stages of design processes with the
application of strategies of the self-climate environmental control method for the building or project, which were
represented in the design treatments for any building that is being designed. Whether at the theoretical inductive level
based on thought and concepts and the analytical level from applied examples through a group of design elements.
They can be divided into strategies specific to hot weather and others specific to cold weather. Therefore, these
strategies focused on introducing design treatments that can be used to improve and control the thermal performance
of the building. The approach to introducing treatments was also classified according to the design phase in which they
can be employed, as shown in Table 1.

The issue of linking climate control treatments to the design process stages, especially those with passive
methods, has become critical to a group of researchers. Such a link was to facilitate and encourage integrating these
treatments and investing in their application during the design process to produce thermally balanced buildings that
respond to the surrounding environment, as the study demonstrated in the Central Bank of Iraq building in Baghdad.
The same active methods can also be employed, which depend on movement in the building parts, especially the outer
shell, as in the Al Bahr Towers in Abu Dhabi, during the same design process stages. The design and planning factors
within the design process stages are among the most significant factors through which the architect can control the
energy amount related to the building received in summer and winter to obtain thermally suitable spaces. That reduces
the energy required for heating, mechanical air conditioning, and moving parts of the building, which require periodic
maintenance, which increases the operating cost in the long term.

After identifying the set of environmental design treatments that achieves the objectives of thermal control
strategies suitable for a hot, dry climate, it becomes clear that these treatments have their diversity and variation in
their impact on the design. Such treatments should be integrated with the architectural product within a thoughtful
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intellectual, functional, and aesthetic system consistent with the designer’s ideas and the requirements of the basic
design situation. Therefore, it is necessary to take these treatments, in whole or in part, into consideration during the
design stages because they directly affect the level of thermal performance of the building and its overall efficiency, as
well as the levels of thermal comfort and the level of performance and activities of users. Based on what was mentioned
in the inductive and analytical parts of the study, the design process, according to the environmental perspective, goes
through several stages. They were extracted in four stages that move the designer from the main design decisions
related to generalities to decisions regarding the finer details.

Therefore, a design vision can be proposed that employs, incorporates climate control treatments, and links
them according to the sequence of the design process stages, as in Fig. 8. These treatments will be addressed and
focused on treatments compatible with the hot, dry climate as the prevailing climate in Egypt, without focusing on the
rest of the climates and classifying them into summer and winter, as in Table 6.

These treatments are classified into four thermal control strategies for each season, two for hot seasons and
two of cold seasons:

e The hot climate strategy is to resist heat gain and allow heat loss.
e The cold climate strategy is to heat gain and resist heat loss.

As shown in Fig. 8, the proposed design vision steps and levels consider the cost factor and the type and
degree of treatment, whether preventive or curative. Then, the designer can adopt one of the thermal control strategies
according to the climatic conditions affecting the project and throughout the year. In addition, the designer can endure
the opportunity to determine one of the four stages of the design process to deal with his design freely, treat all parts
of the building, and raise the level of its thermal performance and response to environmental conditions. Finally, the
designer reviews and ensures the treatment performance as an integrated whole with all the building elements or other
employed and integrated treatments during the remaining stages of the design process. If the performance is not
accepted, the designer can refer back to the environmental treatments that achieve each strategy within any of the four
stages of the design process.
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To determine the procedure to be followed to integrate environmental control strategies

and principles into the project or building.

Preventive decisions ensure high performance efficiency, great
flexibility and are more thoughtful.

v

Depending on the
building condition,
design stage and cost,
Table 3

Corrective decisions are made as trials to improve performance
or enhance the internal environmental conditions.

The designer determines the thermal strategy according to the climatic period, Table 6

Support heat gain
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To select and employ possible treatments according to the four thermal control strategies year-round
for appropriating to the building condition and design stage and achieving the environmental
requirements of the design project within the hot, dry Egyptian climate.

To check the performance of the selected processors as design elements. The quality and efficiency

of a single component cannot be judged without testing its composition and application with a group
of other components within a project or building to come up with a single, integrated composition.

The performance is acceptable for producing
a building (thermally balanced and responsive
to the surroundine environment).

Unacceptable building performance
thermally unbalanced and unresponsive

Fig. 8. The proposed design vision structure that employs and integrates climate control treatments according
to thermal control strategies and links them to the building condition and design phase according to the

sequence of design process stages throughout the year.
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Table 6: Environmental treatments achieved for heat gain resistance, heat loss allowance, heat gain allowance,
and heat loss resistance strategies in the hot dry Egyptian climate throughout the year according to the design

stages.
No. Design Environmental treatments achieved for each strategy
processes and Heat gain Heat Heat Heat
stages resistance loss allowance gain loss resistance
allowance
1 Site To reduce the To To To
planning and | external surface area of | attract summer | form reduce the
design stage and | the building envelope. | breezes through | Building external surface
building mass To shape and | shaping and | mass and | area of the
orient the building | directing the | orientation. building
mass. building mass. To envelope.

To achieve To wuse | increase the To
thermal equivalence of | adjacent  areas | solid surfaces | bury the
the building envelope. | and plants to | to absorb | building

To bury the | attract summer | solar structure under
building structure | breezes. radiation. the ground
under the ground layer layer or raise
or raise the ground the ground
layer  for  ground layer for
protection. ground

To cover the protection.
ground and plant trees.

To use
adjacent areas and
plants for solar shading.

To reduce the
reflectivity  of  the
external ground
surfaces opposite the
windows.

To use the
central courtyard
within the building
plan.

2 Building To wuse the To To To use
plan design stage | central courtyard, wind | employ the | project and | an external
catcher. phenomenon of | plan open | wind barrier at

To form an air | evaporative spaces or | the entrance.
shaft inside the | cooling on site. courtyards
building. To and skylights

To plan and | optimal select the | in the
scheme spaces and | location of | building plan
activities with the sun's | spaces with | following the
movement. internal heat | sun's

To use | sources  within | movement.
compressed or | the  horizontal
integrated shapes - | plane.
shading the external To wuse
spaces. the open plan to

To design the | allow internal
internal ~ walls  and | airflow.
partitions of  the To
building. employ vertical

To shade | spaces to allow
balconies. internal airflow.

To use
air catchers.
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within ~ doors  and
windows in walls.

To wuse glass
with insulating
properties.

To employ
materials with
insulating properties.

To use
construction details for
openings to reduce air
leakage.

At the level of

solar energy protection

treatments  (choosing
opening  shapes -
shading openings -

reducing opening ratios
- choosing the building
opening pattern).

At the level of
natural day treatments
(using the phenomenon
of cross ventilation and
stack effect to get rid of
excess heat).

to increase
natural
ventilation.

To
control the area
of openings to
increase airflow.

To use
wing walls to
direct winds into
the building.

(glass use) on
the southern
facades.

Building To use To use To To use
envelope design | insulating materials | basin ceilings. employ glass | insulating
stage that resist heat flow To wuse | surfaces. materials to

through the building | insulators, To resist heat flow
envelope. materials ~ with | increase the | through the

To use | high thermal | surfaces building
materials with a high | capacity, others | exposed to | envelope.
thermal capacity in the | with low | solar To
building envelope. conductivity, and | radiation. utilize planted

To use | shading of walls roofs.
radiation-reflecting and ceilings. To
materials on the To employ
building's external | determine insulating
surfaces. finishing materials with

To shade | materials for the high  thermal
walls. surface and capacity.

To use double | external  walls To
walls and roofs to | (colors and control the
ventilate the building | texture of the shading of
shell. external finish). walls and

To use To ceilings.
climbing plants around | choose building
the building envelope. | materials,

To shed roofs. | interior finishing

To use planted | materials,  and
roofs. insulating

materials for the
ceiling and walls.

Opening To reduce To To To
design stage openings and control | orient door and | concentrate minimize door

the area of openings | window openings | glazing ratio | and  window

openings in the
walls.

To use
architectural
details for
doors and
windows to
prevent air
leakage
through.
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Based on Table 6, the heat gain resistance strategy is the one that has the most significant interest in working
and integrating environmental treatments into the design process stages due to the nature of the hot, dry climate in the
summer. As for the most significant design treatments with high repetitions that were identified from the previous two
Table 1 and Table 2, they were as follows:

1) The site and building mass design treatments were the most frequent treatments related to the building mass
orientation, the building mass design, the formation of the building surfaces, and the design of the building's
external spaces.

2) Building plan design treatments were the most frequent regarding the shading of building parts, the usage of
wind catchers, and the projection and placement of exposed spaces and courtyards following the sun's
movement.

3) Building envelope design treatments were the most frequent regarding insulating materials and materials with
high thermal capacities, shading or planting walls and ceilings, integrating them with the surrounding
environment, and determining the colors and materials of interior and exterior finishing.

4) Building opening design treatments were the most frequent treatments related to building ventilation,
controlling the area of openings, directing openings, shading openings, and using types of glass with insulating
properties.

CONCLUSIONS

The main conclusion is the design vision that ensures the fulfillment of the environmental requirements of the
design project through a set of treatments. They could be classified according to thermal control strategies into four
stages that correspond to the four stages of the design process, namely, the site planning and design stage, the building
mass, the building plan design stage, the building envelope design stage, and the design stage of the building openings,
which the building goes through from the initial stages to its final stages. Thus, the designer can choose between the
environmental treatments that are the most appropriate for each design stage or the design elements that could be
identified, namely, form, building materials, openings, and ventilation.

It should be emphasized that it is not required for the designer to employ all environmental design treatments
in the project or building. However, there is a scope in which variety can be achieved by integrating and investing in
the maximum number of appropriate treatments according to the surrounding environmental conditions. Due to the
difference in importance and priority of environmental design treatments according to the nature and location of the
building targeted for design.

Then, two experiments were analyzed: the Sea Towers in the Emirates and the Iraqi Central Bank as examples
of existing buildings that successfully achieved flexibility and integration with the surrounding environment within the
hot, dry climate as an example of the Egyptian climate. The results showed that the most common means and methods
in dealing with the climate and the surrounding environment have the most outstanding impact on the environmental
performance of buildings. These means and methods include studying the geometric shape of the outer envelope and
designing it in a way that is compatible with the orientation and climate. Besides, the proportions of openings and
shading methods depend on the orientation and sun path, choosing suitable envelope materials for the location, climate,
and local environment, and adopting compound ventilation systems, open windows, and fixed and mobile breakers in
buildings.

Thus, it is possible to identify the environmental climate treatments, design elements, and effective methods
used to show the benefit of their impact on improving the design of parts and components of existing buildings to be
more suitable for the climate and surrounding environment. Based on the statement of the influence of integrating
environmental control strategies and principles on costs during the project life and depended on identifying the
treatments related to the design elements supporting thermal performance control. To achieve the environmental design
concept and thermal control and its possible strategies for employing treatments according to the stages of the design
process so that the building design is as responsive and interactive environmentally and climatically as possible. Thus,
a design vision can be reached to integrate environmental treatments into the stages of the building design process and
is effective throughout the project life stages within the hot, dry Egyptian climate. The vast majority of modern designs
provide appropriate solutions to stop energy depletion by achieving thermal control in their performance to solve the
problem of energy conservation with the increase in the number of buildings.

Therefore, it is necessary to consider the environmental treatments available for use in the design project in a
broader way so that a number of them can be employed and exploited within the design decisions in a manner that
suits the special nature and multiple design requirements of each building. When environmental requirements are
considered from the initial stages of the design process, the designer has the potential to achieve a high climatic
response. However, if the environmental aspects are not considered except in the later design stages, the possibility of
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attaining intermediate requirements will be limited to parts and details. At these later stages, the designer's freedom to
achieve environmentally efficient buildings is restricted to a limited space.

Therefore, the designer must pay attention and focus on environmental treatments that are compatible in their

benefits with achieving the functional, symbolic, formal, and structural requirements of the project. Consequently, the
architectural product will be more integrated and more aware and contribute to rationalizing energy and resource
depletion.

RECOMMENDATIONS AND FUTURE STUDIES

1)

2)

3)

4)

5)

6)

7)

8)

9)

When designing a building, the designer should aim for the best possible quality to improve the built
environment and provide users with the right thermal comfort range. To achieve biodiversity and enhance air
quality, the designer must consider the requirements of the indoor environment. To provide users with the
right level of thermal comfort and conserve the most energy possible for lighting, cooling, and heating the
building, it should also be more sensitive to environmental factors.

It is necessary to halt the practice of creating uniform models for all building types and their diverse
applications and distributing them across the nation without considering regional variations in social and
climatic conditions.

Before beginning to design the building in general and the facades in particular, it is necessary to look into
the surrounding conditions and the factors that affect the increase in thermal loads. That is because windows
and walls are sources of energy drain and linked to the building's excessive energy needs.

Architects must be encouraged to use passive solutions to attain thermal comfort and include them in their
designs because they significantly and effectively reduce energy consumption and improve user thermal
comfort.

For determining which modern environmental technologies are suitable for the climate in which the building
is located and how well they meet the climatic requirements of the building's interior spaces, an analytical
study must be conducted before choosing any of the many types and shapes of materials that are used, as well
as their cost, method of use, and ability to withstand heat.

Architects' efficiency and understanding level regarding the significance of environmental standards and how
to apply them in design will increase with the activation of contemporary environmental design courses and
their dosage within engineering colleges, making them a vital component of the educational system.

To dispel the widespread perception that environmental design techniques provide a traditional look that is
not contemporary and that such techniques come with expensive construction and maintenance costs, besides
to increase public understanding and community culture regarding these techniques and their traditional and
modern terminology.

The methodology of researching thermal comfort within architectural spaces must be transformed into an
educational issue studied in all Arab regions to raise the value of applied scientific criticism of the construction
process within Arab cities.

The building codes should be activated to serve environmental design vocabulary and integrated into strict
laws and legislation, which force a designer and an owner to make buildings have sound climatic solutions
appropriate to the surrounding environmental conditions.

10) Architectural awareness of architectural treatments should grow within the design stages of each type of

building and according to the thermal control strategies of each season. This may affect correcting the current
urban path and highlighting a true identity for architecture in the Middle East that is based on realistic
scientific logic and aims primarily at human comfort throughout the year and supporting sustainability plans
and visions.
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