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Systematic Literature Review

This study employs a systematic literature review (SLR) to assess the impact of kinetic
architecture on thermal comfort in various buildings, with a focus on offices in hot-dry climates.
Comprehensive searches were done using Google Scholar, Semantic Scholar, and Scopus,
respectively, applying the PRISMA method. The search yielded a selection of 109 relevant
articles spanning from 2008 to 2024. The study's findings examine how kinetic fagades help
mitigate the issues in hot, dry climates, where prolonged exposure to the sun and rapid
temperature fluctuations are common. Simulation tools are the preferred method for evaluating
the performance of kinetic systems. Such systems are especially important in hot and dry
regions because they help control solar radiation, ventilation, and thermal comfort, thereby
decreasing energy usage while ensuring comfort inside buildings. In dry areas with extreme
temperature fluctuations and limited water or energy resources, these systems can enhance
natural ventilation, encourage nighttime cooling, and automatically provide shade to buildings
during intense sunlight. The reviewed literature gap is that relevant studies often rely solely on
simulations, resulting in limited experimental validation in real-world contexts. This study
suggests that large-scale experiments are necessary to assess the practicality and durability of

kinetic fagades.

Copyright: © 2025 Faeza Bakr Muhammed Amin, Zhiyar Raad Fayeq, and Husein Ali Husein. This article
= is an open-access article distributed under the terms and conditions of the Creative Commons Attribution (CC

BY 4.0) license.

1. Introduction

In hot, dry climates, office buildings are among the highest energy consumers due to the high energy
demand required to maintain indoor thermal comfort, a fundamental factor in employee health, well-being,
and productivity. Building facades play a vital role as a protective barrier against harsh external conditions
and a regulator of the indoor environment, serving as a primary interface between interior spaces and the

outside. As they are utilized in contemporary building design, the visual appeal of glass fagades frequently
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exacerbates preexisting conditions by permitting excessive solar radiation. The energy efficiency of
buildings is compromised by the high transparency in their designs, which also introduces discomfort in
workstations exposed to direct sunlight [1, 2]. This further increases energy consumption and CO2
emissions, emphasizing the need for efficient solutions [3]. In kinetic architecture, as described by
Elmokadem, et al. [4], buildings are designed with transformative and automated features. The shape of the
structures may be modified to suit people's needs and adapt to the surroundings. Kinetic architecture is the
dynamic and adaptable response to these challenges. Kinetic facades actively respond to environmental
conditions, reducing energy demand while enhancing thermal comfort in extreme climates. Studies show
that kinetic fagades in office buildings can reduce cooling energy consumption by as much as 40%, while
also providing a sustainable means to achieve thermo-visual comfort [3, 5]. Alternative strategies, such as
using solar control glass, aim to reduce cooling loads and glare but often fall short in hot, dry climates due
to persistent, intense solar radiation [3, 5]. Emerging technologies, such as semi-transparent photovoltaic
(STPV) modules, offer a dual function, filtering sunlight while generating electricity, and have
demonstrated promise when integrated into building envelopes, particularly in sun-drenched regions [6]. In
parallel, climate-responsive fenestration design, including optimized window orientation, appropriate
glazing, and external shading, significantly contributes to reducing thermal loads and improving visual
comfort in hot-dry climates [7]. These strategies highlight the evolving toolkit of passive and active facade
systems, reinforcing the potential of kinetic fagades, especially when synergized with STPV and optimized
fenestration, to enhance occupant comfort and energy efficiency in extreme environmental conditions.
Advances in technology and a greater interest in energy-efficient designs have driven a growing
interest in kinetic fagades. Approximately one-third of global energy consumption is attributed to buildings,
making them significant contributors to greenhouse gas emissions [8]. In addressing this, recent facade
designs are evolving into passive systems by integrating renewable energy sources and innovative features
that can absorb the intensity of solar radiation and enhance energy efficiency [9, 10]. One such development
is the kinetic fagade, developed to achieve environmental adaptation through stable interior environments
as external conditions change [11]. Based on the coupling of nature, technology, and architecture, kinetic
facade concepts incorporate flexible components and interdisciplinary strategies to solve complex design
issues [4, 12]. Studies have also examined the relationship between daylight and productivity in office
environments [ 13, 14]. Daylight has recently been shown to impact workers' health, sleep quality, physical
activity, and overall well-being, all of which are directly related to productivity. For instance, office workers
with abundant daylight exposure sleep 46 minutes longer than those without access to natural light [15, 16].
Furthermore, employees of offices with limited window views experience lower vitality and physical
activity [16]. These findings highlight the importance of integrating well-designed facade systems to allow

maximum daylight use without compromising thermal comfort and energy efficiency. Through their ability
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to adapt to environmental stimuli, kinetic facades play a critical role in enhancing thermal comfort,
improving daylight quality, and promoting efficiency in office buildings [17].

Architects' continuous use of these systems is integral to creating sustainable and productive work
environments in hot-dry climates. Over the past decade, kinetic fagades have been a popular subject of
architectural research. However, the function of different shading devices is not well researched, and their
effect on thermal comfort in office buildings in hot-dry climates is scarcely being investigated. This study
addresses the following three questions:

1. What are the main kinetic system types used to improve thermal comfort in office buildings?
2. How do kinetic fagades perform in hot-dry climates?

3. How much do kinetic facades reduce energy usage and cooling loads in office buildings?

2. Methodology

This study employs a systematic literature review (SLR) as a qualitative method to investigate the
influence of kinetic architecture on thermal comfort in various buildings, with a specific focus on offices
in dry, hot climates. Using the PRISMA method, an extensive search was conducted on Google Scholar,
Semantic Scholar, and Scopus. The focus on literature post-2008 is directed toward sustainability and
energy efficiency in the built environment, which has received heightened attention since then. This change
was prompted by global frameworks, such as the 2007 report by the Intergovernmental Panel on Climate
Change (IPCC) and related international agreements, which emphasized the urgent need to address thermal

comfort as a critical component of climate change adaptation strategies worldwide [17].

2.1. Data Sources

This study involves a systematic literature review (SLR) investigating the role of kinetic architecture
in enhancing thermal comfort in office buildings in hot-dry climates. This research adheres to the PRISMA
guidelines to ensure a transparent, rigorous, reproducible review. A systematic search for relevant literature
was conducted using Google Scholar, ScienceDirect, and Semantic Scholar, as well as relevant publications
between 2008 and 2021. In the Title, Abstract, and Keywords fields, the carefully selected keywords of
"kinetic facade", "thermal comfort", "energy efficiency", "adaptive facade systems", "hot-dry climates",
and "visual comfort" were used.

The articles focused on adaptive or interactive fagade systems as part of their contribution to the link
between kinetic architecture and thermal or visual comfort, particularly in hot and dry climatic conditions.
These studies covered a range of topics, including parametric simulations, literature reviews, and climate-
based daylight metrics (CBDM). Visual and thermal comfort, the mechanisms and regulation of kinetic
facades, biomimetic fagade systems, and other topics were also discussed. The papers were published in

prestigious journals, such as Building and Environment (Elsevier) and the Journal of Building Engineering,
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and were written by authors from research institutions in Egypt, the Netherlands, Italy, and Turkey. These
investigations have yielded significant insight into how kinetic architecture can enhance employee comfort
in hot and dry climates in office buildings. The research methodology data processing followed three

phases, as shown in Figure 1.

Records identified by searching keywords “kinetic architecture,” “thermal comfort,”

Iden “energy efficiency,” “adaptive facade systems,” “hot-dry climates,” and “visual comfort,”
tific
atio

Google Scholar (n=56) Science Direct (n=8) Semantic Scholar (n=45)

Records retained after removing duplications (n=56)
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Figure 1. Study screening and selection according to the Preferred Reporting for Systematic Review

Protocol (PRISMA) guidelines.

2.2. Inclusion and Exclusion Criteria

First, searches on Google Scholar, Semantic Scholar, and ScienceDirect for the selected keywords
yielded 109 results. From the original 88 studies, 53 duplicates were removed. The remaining studies were
reviewed according to the following inclusion and exclusion criteria to confirm their relevance and high
quality.

e Criterion 1: The title and/or abstract needed to have at least two of the selected keywords: "kinetic
architecture", "thermal comfort", "adaptive facade systems", "hot-dry climate", "energy efficiency",
"reactive facade", or "daylight performance". This led to the removal of nine studies.

e Ciriterion 2: To focus on recent advances in the last decade, most updates and studies reported before
2015 were excluded. Six studies were excluded as they failed to meet this criterion.

e Criterion 3: The study had to be either a review or a research paper. Thus, 10 research theses were removed.
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e Criterion 4: The thermal comfort and kinetic architectural interventions addressed by the study had to
be at the building scale, especially in office buildings in hot-dry climates. Six studies were excluded due
to interventions in climates other than urban or metropolitan scales.

e Criterion 5: The relationship between kinetic architecture and thermal comfort needs to be analyzed
using an established methodological approach, literature reviews, parametric simulations, or
performance-based metrics. Studies that had no methodological rigor were excluded.

Applying these criteria resulted in 16 studies being included in the systematic review. This provided

a concentrated dataset to explore further the importance of kinetic architecture in sustaining thermal comfort

in hot, dry climates (Figure 1).

2.3. Data Extraction and Data Synthesis

In the first data extraction phase, the research team systematically collected all necessary details from
each study to ensure conformance with the research goals. The extracted items were (1) names of author(s),
(2) year of publication in the last decade, (3) geographical context, (4) study design and methodology, (5)
building type, (6) biological analogies, (7) type of kinetic fagade, (8) mechanism for operation, (9) system
and regulation, (10) analysis methods, and (11) impact of kinetic fagade. The selected articles were
reviewed in detail, and specific factors and design interventions associated with kinetic architectural
systems, as well as their impact on thermal comfort in an office building, were identified. Particular
emphasis was placed on the significance of these interventions in addressing problems specific to hot, dry
climates, including wide temperature variations, high solar radiation, and energy conservation needs.

All the collected data were then summarized within an analytical framework. This research
investigated kinetic building systems to enhance thermal comfort, reduce energy consumption, and improve
indoor conditions, presenting the results within a relationship framework. The results were summarized and
presented in an analysis diagram ranking factors and design interventions according to the corresponding

authors and methods.

3. Results and Discussion

3.1. Bibliometric Analysis

Results from the bibliometric analysis (Figure 2) indicate the distribution of reviewed articles by
publisher, type of publication, publication year, country of origin, and journal. Over the analyzed period,
Google Scholar was the main platform of publication (50% of the articles), followed by Semantic Scholar
(42%) and ScienceDirect (8%).

Regarding the publication type, research articles were the most common, accounting for 81.2% of the

total, followed by review papers at 18.8%. As noted earlier, research theses were excluded. Between 2022
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and 2024, there was a noticeable increase in publications, peaking at 11 in 2024. The scientific community's
growing interest in this field is a contributing factor to this increase.

The geographical distribution reveals that most authors were affiliated with Egypt, Iraq, Turkey, and
the surrounding areas. This may be attributed to the focus of the research area being on hot-dry climates.
Authors from other countries made minor contributions.

However, journals such as the International Journal of Sustainable Energy, Automation in
Construction, and Journal of Green Building have made notable contributions. Taken as a whole, these
journals exemplify the interdisciplinary approach of this research domain, which brings together

engineering, sustainability, and architecture.
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Distribution According To The Published Journals

World Renewable Energy Forum, WREF
The International Journal of Design Education
tasarim+kuram
Sustainability
Renewable and Sustainable Energy Reviews(elsevier)
Proceedings of International Structural Engineering and Construction
Materials & Design (elsiever)
Journal of Science
Journal of Iranian Architecture & Urbanism
JOURNAL OF ENGINEERING AND APPLIED SCIENCE
Journal of Daylighting
Journal of Building Engineering (elsevier)
Journal of Building Appraisal
International Research Journal of Engineering and Technology (IRJET)
International Journal of Sustainable Energy
International Journal of Engineering Research and Reviews
International Journal of Computational Methods and Experimental.. .
International Journal of 3D Printing Technologies and Digital Industry
Engineering Research Journal
Diyala Journal of Engineering Sciences
Conference of Computer-Aided Architectural Design Research in Asia
Civil Engineering and Architecture
buildings
Building and Environment (elsevier)
Automation in Construction (elsevier)
Architecture and Modern Information Technologies
Architectural Engineering Technology
36th International Symposium on Automation and Robotics in Construction
2015 IEEE 7th International Conference on CIS & RAM
13th Conference on Advanced Building Skins
11th Conference on Advanced Building Skins
Sustainability
MSA ENGINEERING JOURNAL
IOP Conf. Series: Earth and Environmental Science
International Conference on Adaptation and Movement in Architecture
Frontiers in Built Environment

Civil Engineering and Architecture
0 0.5 1 1.5 2 2.5 3 35 4 4.5
Figure 2. Study screening and selection according to the Preferred Reporting for Systematic Review

Protocol (PRISMA) guidelines.

3.2. Overview of the results

This section presents a summary of the reviewed studies. It includes details about the author(s), their

countries of origin, the types of buildings studied, research methods, simulation tools, biological
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connections, and how kinetic architecture has impacted energy efficiency and thermal comfort. Table 1

summarizes the current research landscape and presents these findings.

Table 1. Application of kinetic fagades and their impact on thermal performance: a systematic literature review.

Categorizing
Articles Based Impact of Kinetic . . .
on Building Author Country Architecture Research Method Biological Analogies
Typology
Hosseini, et al.  Iran Daylight performance Visual Simulation (Rhinoceros- Plant's leaves stomata
[18] comfort Ladybug and Honeybee) Morpho butterfly
Electric lighting Energy and parametric simulation ~ wings
consumption. (Brute Force algorithm
Sankaewthong, Thailand Daylight factor (DF) LEED  Simulation Rhino Physical DNA,
etal. [2] Grasshopper Plugin phototropism
Climate Studio and Wallace behaviour, and
Eshelby twist
movement
Fikery, et al. Egypt Visual Comfort Simulation Diva Rhino Not specified
[16] Energy consumption Grasshopper Climate
Studio
Ben Bacha and Algeria  Energy performance Simulation Rhino GECO-  Not specified
Bourbia [3] Indoor thermal comfort Grasshopper
Sangtarash, et  Iran Control of light entering Simulation Rhino Capra Wall rotating
al. [19] Quality of daylight Grasshopper and Honeybee mechanism
Visual quality Plus with Ladybug
Ahmady, etal. Egypt Energy consumption Simulation Rhino and Monkey Puzzle Tree
[20] Interior thermal comfort Design Builder Leaf
Office Temperature
Moisture
Wanas, et al. Egypt Daylight performance Simulation Rhino Origami
[21] Grasshopper and Diva Kaleidocycle
Hosseini, et al.  Iran Real-time daylight control Simulation Rhino Not specified
[5] Visual Comfort Grasshopper and Diva
Daylight conditions are used
to determine occupant
positions in real-time.
Hosseini, et al.  Iran Daylight performance based  Simulation Rhino Orosi
[22] on occupants' position Grasshopper and Diva
Daylight glare
aesthetics and privacy
Jahanara and Italy Light to manage strategies Simulation Rhino Lotus
Fioravanti [23] Daylight performance Grasshopper and Diva plant's
Brzezicki [24]  Poland  Daylight comfort Simulation Rhino Not specified
Iran Minimizing solar heat gain ~ Grasshopper Ladybug and
Thailand Visual Comfort Honeybee, and

Illuminance levels

experimental analysis
(mock-up)
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Khraisat, et al.
[25]

Various
types of
buildings

Hosseini, et al.

(3]

Gongalves, et
al. [26]

Not
country-
specific

Not
country-
specific

Not
specified

Maintaining natural light
levels

Reducing heat gain
Providing an attractive design
Conserving energy
Diminishing daylight
illuminance

Reducing sun glare and
radiation

Lowering internal
temperature

Improving brightness
Filtering beneficial daylight
Preventing visual discomfort
Providing high daylight
performance

Maintaining the equilibrium
between daylight

View out

Energy balancing

User satisfaction

Permitting natural ventilation

Visual Comfort
Thermal comfort
Energy efficiency
comfort condition

Thermal comfort,
Energy efficiency
Daylight performance

Systematic literature review Not specified

Qualitative review
(Morphological Analysis
Biomimicry

Parametric Design
Microclimate Modifier

Systematic Literature
Analysis

Plant movements and
animal skin patterns

Not specified

Commercial
buildings

Jayakumari, et
al. [27]

Australia

Reducing energy
consumption

Ensuring thermal and visual
comfort

Reducing lifecycle costs
Occupant productivity and
comfort

Reduces heat gain during
summer and allows passive
heating during winter.

Simulation Rhino
Grasshopper

Not specified

Public
building

Alawaysheh,
et al. [28]

Dubai

Energy savings in terms of
electricity, cooling loads and
cost savings

Daylight illuminance levels
Aesthetic values.

Energy performance-based
design, daylight control-
based design

Thermal control-based
design and

Simulation Rhino
Grasshopper Integrated
Environmental Solutions
(IES)

Star configuration
movement
mechanism.

As shown in Table 1, the articles are categorized into four sections based on the type of building.

Kinetic architecture is an innovative approach to enhancing thermal comfort, energy efficiency, and lighting

in office buildings in hot, dry climates. These areas, characterized by extreme solar radiation, significant

temperature fluctuations, and intense daylight, necessitate responsive and adaptive architectural solutions
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that mitigate these environmental challenges. The harsh conditions are examined in the reviewed studies to
demonstrate how kinetic systems, such as dynamic facades and shading devices, operate. Buildings in hot,
dry climates are among the biggest beneficiaries of kinetic architecture, as they reduce solar heat gain,
lower cooling energy demands, and enhance indoor thermal comfort. Ben Bacha and Bourbia [3] have
shown a 43% reduction in cooling loads by applying 40 semi-transparent photovoltaic modules. To that
end, Ahmady, et al. [20] have demonstrated how adaptive facades can regulate office building internal
temperatures and reduce energy consumption [29]. These results support the reduction of environmental
requirements in hot-dry regions, where cooling is the dominant load.

Another significant benefit of kinetic systems in hot-dry climates is daylighting optimization. This is
due to office spaces frequently experiencing brightness and visual distress due to intense sunlight.
Jayakumari, et al. [27] have demonstrated that the use of kinetic fagades can enhance the productivity and
comfort of occupants [25]. Further, Sangtarash, et al. [19] and Wanas, et al. [21] have said that adaptive
shading devices, such as triangular geometric patterns and radiance materials, can control the amount of
light that comes in and make it more comfortable to work [17, 18]. Additionally, Hosseini, et al. [18] have
stressed the benefits of using see-through materials in kinetic louvers because they allow more natural light
to enter and reduce the need for artificial lighting, which helps save energy and improves the health of a

building's occupants [16].

3.2.1. Overview of Kinetic Facade Systems and Their Functional Components

Table 2 below provides an overview of the most critical studies on kinetic fagade systems, focusing
on their types, materials, operational mechanisms, and control systems. This summary lays the groundwork
for understanding how kinetic architecture can enhance the energy efficiency and thermal comfort of office
buildings.

Table 2 shows that systems operate through panels driven by advanced rotational, translational, and
folding motions. These panels are powered by actuators and motorized mechanisms that actuate precise
panel angles and openings. Biomimetic strategies are employed in various designs, including stomata-
inspired movements that enhance adaptability to fluctuating climatic conditions. Some researchers have
used biological examples to inform their design of kinetic systems. For instance, stomata-inspired
mechanisms [16] and star configuration movements [5] can make the systems more resilient in harsh
weather conditions. Employing biological analogies can generate strategies for designing facades that
actively adapt to changing environmental conditions, resulting in enhanced thermal comfort and improved
energy efficiency.

Management systems and sensors are also essential parts of kinetic fagades. Light and thermal sensors

with parametric control algorithms can dynamically configure the facade configurations based on real-time
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environmental conditions. Tools such as Grasshopper, Honeybee, Diva, and Rhino further enhance the

design of these facade configurations by simulating multiple scenarios and improving climatic

responsiveness. These innovative systems enable kinetic facades to conform to environmental stimuli and

occupant needs for thermal comfort and visual satisfaction.

Table 2. Key features of kinetic facade systems in office buildings.

Citation

Material of
the Kinetic
system

Type of kinetic facade

System and Regulation

Hosseini, et al.
[18]

Sankaewthong,
et al. [2]

Fikery, et al.
[16]

Ben Bacha and
Bourbia [3]

Sangtarash, et
al. [19]

Ahmady, et al.
[20]

Wanas, et al.

(21]

Hosseini, et al.
[17]

Hosseini, et al.

(5]

Translucent Interactive Kinetic Louvers: louvers

material that adjust dynamically

Fabric Twisting Kinetic Facade:
Inspired by biomimicry principles, this
kinetic fagcade integrates DNA
structure, phototropism, and Eshelby
twist behaviour

Reflective  Adaptive Kinetic Shade with Light

materials, Shelf:

light shelf  Integrates horizontal, vertical, and
combined panel movements

Semi- Hexagonal-Patterned Kinetic Fagade

transparent

PV modules

Triangular  Triangular Geometric Kinetic Fagade

geometric

patterns (not

mentioning

material)
Parametric Kinetic Facade: spiral
pattern of parametric units

Radiance Kinetic Louvers System

materials

Not Adaptive daylight facades and

specified dynamic shading devices

Transparent Interactive Kinetic Facade

PV material

Smart system:

-Parametric and generative design algorithms

- Light sensors to detect daylight levels.

- Occupancy sensors are used to detect user presence
and preferences.

-Temperature sensors to manage thermal comfort.

Intelligent System: Environmental Sensors

-Light sensors to detect daylight levels.

-Systems to measure sunlight intensity for responsive
adjustments.

Smart system:
-Light sensors to monitor daylight levels and adjust
panel movements for optimal light control.

Smart system:

-Light sensors to monitor daylight levels and manage
solar radiation.

-Thermal sensors to adjust panel positions for
optimal thermal comfort.

Smart system:

-Light sensors to monitor and adjust daylight
penetration.

-Sensors to track solar angles for precise adjustment
of fagade positions.

Smart system:

-Light and thermal sensors monitor sunlight and
temperature levels to adapt the fagade's position for
optimal performance.

-Intelligent system: Light sensors monitor
illuminance levels to adjust louver configurations in
real-time.

Smart system:

-Light sensors to manage daylight levels.
-Temperature sensors for thermal comfort.

-Wind sensors to optimize ventilation and structural
stability.

Intelligent system.

-Sun position tracking sensors.

-Occupancy sensors to detect user locations and
adjust configurations accordingly.
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Hosseini, et al. Colored
[22] glass

Khraisat, et al. Not
[25] specified

Jahanara and  Not
Fioravanti [23] specified

Brzezicki [24] Not
specified

Jayakumari, et Photovoltaic
al. [27] S

Alawaysheh,  Not
et al. [28] specified

Gongalves, et  Not
al. [26] specified

Integrated Interactive Kinetic Facade

with Colored Glass

Dynamic Kinetic Fagade: Rotational
and translational kinetic systems

Hexagonal Biomimetic Kinetic Facade

Bi-sectional Kinetic Shading System

(KSS)

Dynamic Kinetic BIPV Fagade

Geometric Kinetic Fagade: rotating
panels with geometric transformations

Parametric Kinetic Facade with
Adaptive Modules: This fagcade uses
parametric modules inspired by
biomimicry and morphological design

principles

Smart system:

-Light sensors to monitor daylight intensity and
glare.

-Occupant position sensors to adjust the facade
elements dynamically.

Smart system:

-Light sensors to monitor daylight levels.
-Thermal sensors to manage heat gain and ensure
interior comfort.

Smart system:
-Light sensors monitor daylight levels to trigger
adjustments.

Smart system:

-Algorithm-Driven Control

-Internal illuminance sensors measure light levels to
trigger adjustments.

Smart system:

-Solar irradiance sensors monitor sunlight levels.
-Environmental sensors track seasonal variations in
solar angles.

Smart system:

-Sun-tracking sensors to monitor solar angles.
-Light sensors to measure indoor and outdoor
illuminance levels.

Smart system:
-Light and thermal sensors monitor environmental
conditions to trigger adjustments.

However, while not all studies mentioned material selection, this is one of the critical factors in the

success of kinetic systems in such climates. Polished metals [13] and STPV modules [3] are examples of

reflective materials with acknowledged outstanding performance in cutting down solar heat gain and

improving daylight distribution. Moreover, culturally integrated materials, such as colored glass inspired

by traditional Orosi windows [20], offer both aesthetic and functional benefits and are suitable for hot, dry

climates where cultural aspects often play a crucial role in architectural design, as shown in Table 1.

Table 3. Summary of operational mechanisms of kinetic fagade systems in office buildings.

Mechanism for

Citation Sketch .
Operation
Reacting in harmony
within area and
independent from
.
Translational,
Hosseini, et al. Regular and equidistant rotational, and
rows: Grid Form
[18] resizing
mechanisms

==\ Pores are symmetrical

Hunting new position, |/

size and shape in real-
time operation

Journal of Studies in Science and Engineering. 2025, 5(2), 344-365. https://doi.org/10.53898/josse2025547 https://engiscience.com/index.php/josse


https://doi.org/10.53898/josse2025547
https://engiscience.com/index.php/josse

F. Amin et al., 2025

356

Sankaewthong,
etal. [2]

Fikery, et al.
[16]

Ben Bacha and
Bourbia [3]

Sangtarash, et
al. [19]

/tily_—/—‘\—‘L

Twisting
Mechanism and
Controlled
Flexibility

Panel Rotation
and Tilt and
Light Shelf
Integration:

Panels operate
with rotation

angles ranging
from 0° to 35°

Dynamic
Opening
Variation

Dynamic
Movement:
Folding and
rotational
mechanism

Journal of Studies in Science and Engineering. 2025, 5(2), 344-365. https://doi.org/10.53898/josse2025547

https://engiscience.com/index.php/josse


https://doi.org/10.53898/josse2025547
https://engiscience.com/index.php/josse

A Systematic Review of Kinetic Architecture as a Strategy for Improving Thermal Comfort in Office Buildings in Hot-Dry Climates

357

Ahmady, et al.
[20]

Wanas, et al.
[21]

Unit 3D
Command
*  Meshsrf
* Planarsrf
« Adjust Vertex
* Rotating 30*
* Meshsrf
* Rotating 60*
to its Center
s =
Lme 8:00 12: 00 16 : 00 .\"%
Date =
DL = 52% DL=91% | DL=47 %
UN = 4.89 4 |un=320 | 4 |UN=5.14 s
UL = 48% ‘ / UL=1% _ / UL= 53 % .
o |OL=0% O OL=8% OL=0% 3 ;/ 63%
£ |L1=233m 4 L1=2.67 m. L1=233m. | 7
= |12=133m L2=2.30 m. L.2=1.67 m.
= |L3=1.25 m/ SN L3=225m. i L3=1.17m. |
A =-45" A=-45" I A= -45°
DL=58% }—0— DL= 88 % DL=45 %
UN=4.46 UN=2.70 == | UN=4.36 =
g | £ |ui=36% 1 ———= |uL=0% 1 UL=52% [} =
2| § |oL=5% | - oL=12% ¢ —|oL=3% 1 63%
o g Ll= 233m L1= 3.00 m. Ll= 233 m. ——
‘5 = |L2=205m L2= 2.00 m. L2= 1.38 m.
(== & |L3= 2.00 e o L3= 1.75m. L3= 1.33 m. |
A= -15° A= -5° A= -15°
DL=48 % p——— DL= 90 % DL=48 %
UN=4.95 UN=3.30 UN=5.19
‘g UL=49 % — UL=1% UL=49%
\ OL=9% | OL=3% %
= |- 233 m = L1=2.67 m. Li= 2.00 m. v 6228
£ 1.2= 1.38m 1.2=230 m. L.2= 2,05 m.
L3= 1.33 m] L3=225m. L3= 2.10m, | 4%
A= -25° A= -35° A= -35°
B e 52% 90% 47% 63%
DL=126 % DL=56 % DL=26 %
UN=3.17 UN=3.90 UN=3.17 .
UL=74% = | UL= 36 % UL=74 %
_§. OL=0% — |oL=8% OL=0% ~ | 36%
% |r1=233m. i — |L1=233m. L1=2.00m, —
o | 1L2=2.00m. L2=2.00 m. L.2= 1.50 m.
L3= 1.25 m, | L3=1.25m. L3= 1.13 m.
A= -5' A= -5° A= 15" I
DL=23% p——— DL=52% DL= 14 %
2 |un=395 > |Un-2:s § UN= 4,09 ﬁ’ §
£ |uL=74% < UL=44% UL=83% f
g OL=3% % X |oL-4% X |ot=3% b X | 0%
S L1=3.00m. L1=3.00m. Ll= 3.00m.
% |12=250m. 1.2=2.50 m. L2= 2,50 m.
g = |L3=2.13m, L3=2.13m. |[SE—. L3= 2.13m.
= A= 25° A= 35° A= 35°
DL=34 % DL= 53 % e DL=34 % o
UN=4.67 UN=4.21 UN=4.63
-g UL=64% N [ur-a2% ' ‘ N |ui=6a% i‘ "
OL=3% OL=5% S OL=3% .
= |L1=267m § L1= 3.00 m. N0 300m. = 402
= ; L2= 2.00 m. ) I
= : L3= 125m, | 48
A= 35°
1 1
Rkl 28% 549 259% 35%
The abbreviations in the table are: 3
DL = Day-Lit , UL= Under-Lit , OL= Over-lit , UN= Uniformity , A= Angle, +Angle
L1, L2, L3 = Louver 1, Louver 2 and Louver 3 distances from room’s floor I2 -Angle

Dynamic
Rotation
Mechanism

Movement
Mechanics:
Rotational
Movement and
Vertical
Transition

Journal of Studies in Science and Engineering. 2025, 5(2), 344-365. https://doi.org/10.53898/josse2025547

https://engiscience.com/index.php/josse


https://doi.org/10.53898/josse2025547
https://engiscience.com/index.php/josse

F. Amin et al., 2025 358

AL BAHAR FACADE DETAIL

rotational,
sliding, and
folding
movements,

Hosseini, et al.
[17]

AL BAHAR . ABU DHABI

Scaling

Movement
Patterns: modular
rectangular
elements capable
of (2D) and (3D)
transformations.

Hosseini, et al.

(5]

Simple Glass

b)

Kinetic Facade

Transformable Module

Journal of Studies in Science and Engineering. 2025, 5(2), 344-365. https://doi.org/10.53898/josse2025547 https://engiscience.com/index.php/josse


https://doi.org/10.53898/josse2025547
https://engiscience.com/index.php/josse

A Systematic Review of Kinetic Architecture as a Strategy for Improving Thermal Comfort in Office Buildings in Hot-Dry Climates

359

Hosseini, et al.
[22]

Khraisat, et al. No sketch

(23]
Jahanara and + + =
Fioravanti [23]
a) Hexagonal b) Triangular ¢) Blooming pyramid proposed geometry
axis of fin's
rotation
|
shading system :
frame 400x400 cm Ay 9
L

6 horizontal fins

5 }upperﬁns

inside

}luwer fins

| outside

Brzezicki [24]

axis of fin's
rotation

N\ inside 9
— I

(b) outside

Dynamic
Modular
Movements:

The fagade
elements pivot
and rotate in two
configurations:

-Rotation angles
between 0—45°
for fine-tuned
daylight
adjustments.

-Broader
rotations up to
90° for
maximizing
sunlight control.

Movement
Mechanisms:
Panels rotate and
slide based on real-
time solar angles
and occupant needs

Dynamic Folding
and Blooming:

The panels fold
and extend based
on solar angles
and daylight
requirements

Dynamic
Rotational
Adjustment:

Fins rotate
around an
eccentric axis
located along
their edges

Journal of Studies in Science and Engineering. 2025, 5(2), 344-365. https://doi.org/10.53898/josse2025547 https://engiscience.com/index.php/josse


https://doi.org/10.53898/josse2025547
https://engiscience.com/index.php/josse

F. Amin et al., 2025 360
oss
L. 025
| = 041 x
- o4z =
02
— SRR Movement
m
 — R b @ “0020sam Mechanism:
c3 g |3 €3-0.025 sqm
C4-0.027 sqm . .
5: | ‘ C5-002859m The kinetic
c6 C6-0.027 sqm
= €7-0025 sqm facade employs
To C8-0.020 sq.m . 1.
T=8—TA €9-00135qm vertical tilting
~—1 Solar cell Area and rotational
Jayakumari, et T e ) PEERIN=0-200 8 m
T e ovements to
al. [27] e track solar
: altitude and
adjust PV panel
angles between
0% (fully open)
and 100% (fully
closed)
Rotational and
Scaling
Mechanism:
Alawaysheh, Panels rotate
et al. [28] around a central

Gongalves, et
al. [26]

axis and adjust
their openings

through scaling
transformations

Movement
Dynamics:

Individual
modules perform
singular
movements such
as rotation and
folding

As shown in Table 3, the operational mechanisms of kinetic facade systems exhibit a diverse range

of dynamic behaviours, including folding, sliding, rotating, and tilting, which enable them to adapt

effectively to environmental stimuli. These mechanisms are designed not only for visual and thermal

regulation but also to enhance energy efficiency and user comfort in real-time. Systems that incorporate

translational, rotational, and resizing movements enhance flexibility, while parametric and bio-inspired
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strategies, such as twisting, blooming, or modular transformations, improve climate responsiveness.
Several studies have utilized actuators to achieve fine-tuned motion control, enabling precise adjustments
of angle, shading, and opening based on solar angles or indoor light requirements. The integration of solar-
tracking and user-responsive features also supports optimized daylight harvesting and reduced heat gain.
Importantly, the modular and often biomimetic nature of these mechanisms makes them adaptable to
diverse architectural forms and functional needs, especially in hot, dry climates where environmental

extremes demand highly responsive envelope systems.

4. Discussion

4.1. Typologies and Functional Characteristics of Kinetic Facades

The review reveals a diverse range of kinetic fagade types used in office buildings to enhance thermal
performance and interior comfort. These include interactive kinetic louver systems that utilize rotation,
translation, and resizing mechanisms to dynamically adjust according to solar conditions [16, 19]. Twisting
kinetic facades, as demonstrated by Sankaewthong, et al. [2], reflect biomimetic principles and can adapt
flexibly to changing solar angles throughout the day. Adaptive light shelves and hybrid systems, which
incorporate both horizontal and vertical movement components, further enhance daylight control and
reduce overheating [13, 14, 24].

More complex configurations, such as triangular folding panels [17] and parametric kinetic designs
[24, 29], integrate computational design to optimize responsiveness and aesthetic integration. Many of these
systems are inspired by natural organisms (e.g., butterfly wings or leaves), offering both functional and
symbolic environmental adaptability.

Despite the variety of typologies, most studies focus on conceptual proposals or simulation-based
validations. Comparative field data assessing long-term comfort performance across fagade types is still

lacking.

4.2. Performance in Hot-Dry Climates

Kinetic facades are particularly effective in hot-dry climates, where extreme solar radiation, sharp
temperature fluctuations, and prolonged daylight exposure present significant environmental challenges.
These systems mitigate overheating by dynamically regulating solar heat gain, allowing buildings to
respond to solar angles throughout the day. For instance, twisting kinetic fagades and triangular folding
systems are designed to optimize daylight penetration while minimizing thermal discomfort [2, 19].

Studies show that kinetic fagades also support thermal stability, helping maintain indoor temperatures
without over-reliance on mechanical cooling systems [3, 28]. For example, semi-transparent photovoltaic-

integrated kinetic modules have been shown to reduce cooling loads by up to 43% while maintaining visual
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comfort and natural lighting [27]. Additionally, dynamic shading systems reduce glare and visual fatigue
in office environments [21, 28].

Despite these promising outcomes, most studies remain simulation-based. Very few assess
performance through post-occupancy or long-term field studies, particularly in regions such as Iraq, Egypt,

or the Gulf States, where the hot, dry climate context is highly relevant [3, 21, 28].

4.3. Energy Efficiency and Reduction of Cooling Loads

A major benefit of kinetic facades lies in their ability to enhance energy efficiency through adaptive
shading, daylight modulation, and responsive thermal control. By automatically adjusting to sunlight
intensity and internal heat loads, these systems reduce the need for artificial lighting and air conditioning
[5, 6, 20].

Smart control technologies, such as light and temperature sensors, actuators, and solar tracking
algorithms, are widely integrated into kinetic facades to achieve real-time responsiveness [18, 26, 29].
Several studies highlight the integration of parametric tools and generative design software that enable
predictive performance optimization, allowing the system to minimize cooling and lighting loads
effectively [18, 20, 24].

For instance, Ahmady, et al. [20] and Gongalves, et al. [26] demonstrated that parametric kinetic
systems can significantly improve thermal comfort and reduce energy demand in office buildings located
in hot-dry environments. Similarly, Biyik, et al. [6] emphasize the dual advantage of using building-
integrated photovoltaics (BIPV) in kinetic facades for both shading and energy generation. Nevertheless,
the current literature rarely includes comprehensive cost-benefit analyses or maintenance evaluations.
Questions related to system affordability, reliability, and usability remain insufficiently explored, posing

potential challenges for widespread adoption in real-world settings [3, 26, 27].

5. Conclusion

This study conducted a systematic literature review (SLR) to investigate the role and impact of kinetic
facades in office buildings in hot-dry climates. Comprehensive searches were conducted in Google Scholar,
Semantic Scholar, and Scopus, yielding a focused set of studies from 2015 to 2024.

The reviewed literature revealed several key trends. Most research was concentrated on office
buildings in hot, dry regions, with a strong focus on improving indoor environmental quality through
adaptive envelope systems. Simulation-based methodologies and performance-driven design were
commonly used, with an emphasis on thermal comfort, energy efficiency, and daylight management. There
was also an increased reliance on responsive technologies, including sensors and parametric design tools.

Based on these findings, the use of kinetic facades emerged as a critical strategy for enhancing indoor

thermal conditions, daylight performance, visual comfort, and overall energy efficiency. These systems not
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only contribute to a building's aesthetics and privacy but also dynamically manage solar radiation and
ventilation based on climate conditions. For example, during hot summers, responsive systems can reduce
cooling loads by blocking excessive solar gain. At the same time, in colder months, the same fagades can
be programmed to allow passive heating through solar radiation, thereby reducing mechanical energy
demands throughout the year.

Furthermore, kinetic fagades enhance occupant well-being, especially in work environments where
glare reduction and visual comfort directly impact employee productivity and satisfaction. The reviewed
systems encompass a range of dynamic components, including rotational louvers, folding panels, and
parametric shading devices. These are typically controlled by actuators and smart sensors (e.g., thermal
sensors, light detectors, and solar angle trackers) that allow real-time adaptation to environmental changes.

In conclusion, kinetic facades offer a highly adaptable and climate-responsive solution for office
buildings in hot, dry environments. Their capacity to respond intelligently to varying thermal and daylight

conditions makes them essential in shaping energy-conscious and occupant-friendly architectural futures.

6. Future Research

Although there has been extensive progress, the field of kinetic architecture requires further
exploration to address many of its remaining gaps. Existing studies are primarily based on simulations and
have received limited experimental verification in real-world scenarios; therefore, testing the practicality
and durability of kinetic facades using large-scale experiments is essential. Furthermore, occupant
behaviour and preferences in the performance and acceptance of these systems remain underexplored.
Future research is encouraged to adopt a user-centered approach to gain a deeper understanding of how
occupants perceive and interact with kinetic facades. Furthermore, developing economic, sustainable
materials is necessary to support the scalability and accessibility of kinetic systems. These innovations must
strike a balance between cost, performance, and environmental impact to promote broader adoption. In
certain regions, such as hot, dry climates and Arabic nations, the application of kinetic facades is still in its
infancy, and research should be expanded beyond office buildings to other building typologies, including

hospitals, residential buildings, and public spaces.

Data Availability Statement: All data supporting the findings of this study are obtained from previously
published research articles. No new datasets were generated or analysed by the authors. All sources are

cited in the reference section.

Funding: The authors declare that no funding was received for this research.

Declaration of Competing Interest: The authors declare they have no known competing interests.

Research Involving Human/Animal Participants: This article does not involve any studies conducted by

authors on animals or human participants.

Journal of Studies in Science and Engineering. 2025, 5(2), 344-365. https://doi.org/10.53898/josse2025547 https://engiscience.com/index.php/josse


https://doi.org/10.53898/josse2025547
https://engiscience.com/index.php/josse

F. Amin et al., 2025 364

References

[1] K. Chaloeytoy, M. Ichinose, and S.-C. Chien, "Determination of the simplified daylight glare probability (DGPs) criteria
for daylit office spaces in Thailand," Buildings, vol. 10, no. 10, p. 180, 2020, doi: https://doi.org/10.3390/buildings10100180.

[2] S. Sankaewthong, T. Horanont, K. Miyata, J. Karnjana, C. Busayarat, and H. Xie, "Using a biomimicry approach in the
design of a kinetic fagade to regulate the amount of daylight entering a working space," Buildings, vol. 12, no. 12, p. 2089,
2022, doi: https://doi.org/10.3390/buildings12122089.

[3] C.Ben Bacha and F. Bourbia, "Effect of kinetic facades on energy efficiency in office buildings-hot dry climates," in 1/tA
Conference on Advanced Building Skins, Oct 2016, Bern, Switzerland. pp.458 - 468.

[4] A. Elmokadem, M. Ekram, A. Waseef, and B. Nashaat, "Kinetic architecture: Concepts, History and applications,"
International  Journal of Science and Research (IJSR), vol. 7, mno. 4, pp. 750-758, 2018, doi:
https://doi.org/10.21275/art20181560.

[5] S. M. Hosseini, M. Mohammadi, A. Rosemann, T. Schréder, and J. Lichtenberg, "A morphological approach for kinetic
fagade design process to improve visual and thermal comfort," Building and environment, vol. 153, pp. 186-204, 2019, doi:
https://doi.org/10.1016/j.buildenv.2019.02.040.

[6] E. Biyik ef al., "A key review of building integrated photovoltaic (BIPV) systems," Engineering science and technology,
an international journal, vol. 20, no. 3, pp. 833-858, 2017, doi: https://doi.org/10.1016/j.jestch.2017.01.009.

[71 A. A. Freewan, "Impact of external shading devices on thermal and daylighting performance of offices in hot climate
regions," Solar Energy, vol. 102, pp. 14-30, 2014, doi: https://doi.org/10.1016/j.solener.2014.01.009.

[8] M. Roser and H. Ritchie, "The International Energy Agency publishes the detailed, global energy data we all need, but its
funders force it behind paywalls. Let's ask them to change it," Our World in Data, 2022.

[9]1 A. Ferrante, "Zero-and low-energy housing for the Mediterranean climate," Advances in building energy research, vol. 6,
no. 1, pp. 81-118, 2012, doi: https://doi.org/10.1080/17512549.2012.672003.

[10] L. Wang, J. Gwilliam, and P. Jones, "Case study of zero energy house design in UK," Energy and buildings, vol. 41, no.
11, pp. 1215-1222, 2009, doi: https://doi.org/10.1016/j.enbuild.2009.07.001.

[11] L. Badarnah, "Form follows environment: Biomimetic approaches to building envelope design for environmental
adaptation," Buildings, vol. 7, no. 2, p. 40, 2017, doi: https://doi.org/10.3390/buildings7020040.

[12] R. C. Loonen, F. Favoino, J. L. Hensen, and M. Overend, "Review of current status, requirements and opportunities for
building performance simulation of adaptive facades," Journal of Building Performance Simulation, vol. 10, no. 2, pp. 205-
223,2017, doi: https://doi.org/10.1080/19401493.2016.1152303.

[13] M. Boubekri, I. N. Cheung, K. J. Reid, C.-H. Wang, and P. C. Zee, "Impact of windows and daylight exposure on overall
health and sleep quality of office workers: a case-control pilot study," Journal of Clinical Sleep Medicine, vol. 10, no. 6,
pp- 603-611, 2014, doi: https://doi.org/10.5664/jcsm.3780.

[14] M. G. Figueiro, M. S. Rea, A. C. Rea, and R. G. Stevens, "Daylight and productivity: a field study," in ACEEE Summer
Study, 2002: ACEEE Washington, WA, USA, pp. 69-78.

[15] N. Shishegar and M. Boubekri, "Natural light and productivity: Analyzing the impacts of daylighting on students’ and
workers’ health and alertness," in Proceedings of the International Conference on “health, Biological and life
science "(HBLS-16), Istanbul, Turkey, 2016, pp. 18-19, doi: http://doi.org/10.15242/IJACEBS.AE0416104 .

[16] A. A. Fikery, R. E.-d. Hamed, and N. A. Ali, "Improve Lighting Balance Performance and Energy Consumption by Using
Kinetic Adaptive Skin for Office Space in Cairo, Egypt," Architecture, vol. 12, no. 1, pp. 478-498, 2024, doi:
http://doi.org/10.13189/cea.2024.120135.

[17] S. M. Hosseini, M. Mohammadi, and O. Guerra-Santin, "Interactive kinetic fagade: Improving visual comfort based on

dynamic daylight and occupant's positions by 2D and 3D shape changes," Building and Environment, vol. 165, p. 106396,

Journal of Studies in Science and Engineering. 2025, 5(2), 344-365. https://doi.org/10.53898/josse2025547 https://engiscience.com/index.php/josse


https://doi.org/10.53898/josse2025547
https://engiscience.com/index.php/josse
https://doi.org/10.3390/buildings10100180
https://doi.org/10.3390/buildings12122089
https://doi.org/10.21275/art20181560
https://doi.org/10.1016/j.buildenv.2019.02.040
https://doi.org/10.1016/j.jestch.2017.01.009
https://doi.org/10.1016/j.solener.2014.01.009
https://doi.org/10.1080/17512549.2012.672003
https://doi.org/10.1016/j.enbuild.2009.07.001
https://doi.org/10.3390/buildings7020040
https://doi.org/10.1080/19401493.2016.1152303
https://doi.org/10.5664/jcsm.3780

A Systematic Review of Kinetic Architecture as a Strategy for Improving Thermal Comfort in Office Buildings in Hot-Dry Climates 365

2019, doi: https://doi.org/10.1016/j.buildenv.2019.106396.

[18] M. Hosseini, M. Heiranipour, J. Wang, L. E. Hinkle, G. Triantafyllidis, and S. Attia, "Enhancing visual comfort and energy
efficiency in office lighting using parametric-generative design approach for interactive kinetic louvers," Journal of
Daylighting, vol. 11, no. 1, pp. 69-96, 2024, doi: https://doi.org/10.15627/jd.2024.5.

[19] F. Sangtarash, N. Nikghadam, R. Fayaz, and M. R. Matini, "A comparative study of the kinetic movement pattern of a
triangular geometric facade regarding natural lighting in an office building in Tehran," Journal of Iranian Architecture &
Urbanism (JIAU), vol. 14, no. 2, pp. 159-175, 2023, doi: https://doi.org/10.30475/isau.2023.360937.1976.

[20] Y. A. Ahmady, I. Shimi, and N. A. Mahmoud, "A study of the impact of parametric fagade openings’ design on thermal
comfort and energy consumption of office spaces in Egypt using simulation based techniques," MSA Engineering Journal,
vol. 2, no. 3, pp. 173-184, 2023, doi: https://dx.doi.org/10.21608/msaeng.2023.309315.

[21] A. Wanas, S. Aly, A. Farghal, and R. El-Dabaa, "Use of kinetic facades to enhance daylight performance in office buildings
with emphasis on egypt climate," Journal of Engineering and Applied Science, vol. 62, no. 1, pp. 339-361, 2015.

[22] S. M. Hosseini, M. Mohammadi, T. Schréder, and O. Guerra-Santin, "Integrating interactive kinetic facade design with
colored glass to improve daylight performance based on occupants’ position," Journal of Building Engineering, vol. 31, p.
101404, 2020, doi: https://doi.org/10.1016/j.jobe.2020.101404.

[23] A. Jahanara and A. Fioravanti, "Kinetic Shading System as a means for Optimizing Energy Load. A Parametric Approach
to Optimize Daylight Performance for an Office Building in Rome," in Shock!-Sharing of Computable Knowledge!, vol. 2:
eCAADe; Dep. of Civil, Building and Environmental Engineering, Faculty of Civil and Industrial Engineering, Sapienza
University of Rome, 2017, pp. 231-240. https://hdl.handle.net/11573/1204896

[24] M. Brzezicki, "Enhancing Daylight Comfort with Climate-Responsive Kinetic Shading: A Simulation and Experimental
Study of a Horizontal Fin System," Sustainability, vol. 16, no. 18, p. 8156, 2024, doi: https://doi.org/10.3390/sul6188156.

[25] D. Khraisat, N. Taib, C. H. Y. Sern, and M. Al-Ruwaishedi, "Application of kinetic facades and its impact on daylighting
performance: A systematic literature review," Architecture, vol. 12, no. 4, pp. 2693-2704, 2024, doi:
http://dx.doi.org/10.13189/cea.2024.120415.

[26] M. Gongalves, A. Figueiredo, R. Almeida, and R. Vicente, "Dynamic fagades in buildings: A systematic review across
thermal comfort, energy efficiency and daylight performance," Renewable and Sustainable Energy Reviews, vol. 199, p.
114474, 2024, doi: https://doi.org/10.1016/j.rser.2024.114474.

[27] S. D. S. Jayakumari et al., "Energy and daylighting performance of kinetic building-integrated photovoltaics (BIPV)
fagade," Sustainability, vol. 16, no. 22, pp. 1-24, 2024, doi: https://doi.org/10.3390/su16229739.

[28] A. Alawaysheh, H. Taleb, and M. Kayed, "The impact of a kinetic facade on the lighting performance and energy efficiency
of a public building: the case of Dubai frame," International Journal of Sustainable Energy, vol. 42, no. 1, pp. 1317-1363,
2023, doi: https://doi.org/10.1080/14786451.2023.2248514.

[29] IPCC, "Climate change 2007: synthesis report," ed: IPCC Geneva, Switzerland, 2007, p. 104.

Journal of Studies in Science and Engineering. 2025, 5(2), 344-365. https://doi.org/10.53898/josse2025547 https://engiscience.com/index.php/josse


https://doi.org/10.53898/josse2025547
https://engiscience.com/index.php/josse
https://doi.org/10.1016/j.buildenv.2019.106396
https://doi.org/10.15627/jd.2024.5
https://doi.org/10.30475/isau.2023.360937.1976
https://dx.doi.org/10.21608/msaeng.2023.309315
https://doi.org/10.1016/j.jobe.2020.101404
https://hdl.handle.net/11573/1204896
https://doi.org/10.3390/su16188156
http://dx.doi.org/10.13189/cea.2024.120415
https://doi.org/10.1016/j.rser.2024.114474
https://doi.org/10.3390/su16229739
https://doi.org/10.1080/14786451.2023.2248514

	1. Introduction
	2. Methodology
	2.1. Data Sources
	2.2. Inclusion and Exclusion Criteria
	2.3. Data Extraction and Data Synthesis

	3. Results and Discussion
	3.1. Bibliometric Analysis
	3.2. Overview of the results
	3.2.1. Overview of Kinetic Façade Systems and Their Functional Components


	4. Discussion
	4.1. Typologies and Functional Characteristics of Kinetic Facades
	4.2. Performance in Hot-Dry Climates
	4.3. Energy Efficiency and Reduction of Cooling Loads

	5. Conclusion
	6. Future Research
	References

