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Abstract 
Biomimicry inspired architects to solve complex design problems and develop adaptive solutions for enhancing the environmental 
quality. Fields of inspiration include energy efficiency, natural ventilation, daylighting, and structural stability. In this paper, 144 
biomimicry-inspired building skin alternatives have been developed to improve daylighting performance in office buildings in Assiut 
City, Egypt; 72 alternatives are of 0.5 m frame depth, and other 72 alternatives are of 1.0 m frame depth. Two levels of biomimicry; 
namely, the organism level (snakeskin) and the behavior level (plants tropism), have been adopted. Alternatives have been developed 
to be simulated ClimateStudio plug-in for Rhino in accordance with the international rating system leadership in energy and 
environmental design (LEED v4.1). The evaluation criteria are spatial Daylight Autonomy (sDA), Annual Sunlight Exposure (ASE), 
Annual Average Lux (AAl), and Spatial Distributing Glare (sDG). An evaluation point system has been developed to evaluate 
alternatives using Analytical Hierarchy Process (AHP) based on the feedback of 14 faculty of architecture members. Nine building skin 
alternatives developed succeeded to achieve notable improvement (from 16.69% to 33.73%) compared to the base cases. In general, the 
1.0 m frame-depth alternatives achieved better results in improving daylighting performance than the 0.5 m frame-depth alternatives. 
The most effective parameter in improving daylighting performance was the rotation angle of the skin unit used, to be followed by the 
distance between the skin and the building façade, the solid-to-void ratio of the skin, the number of units constituting the skin system, 
and the horizontal bending distance of the skin unit, respectively. 

© 2023 The Author(s). Published by solarlits.com. This is an open access article under the CC BY license 
(https://creativecommons.org/licenses/by/4.0/). 

 

1. Introduction
Daylighting was the main source of light in buildings until the 
1940s, to be supported afterwards by artificial lighting. Recently, 
the tendency to re-depend on daylighting in buildings, particularly 
in office buildings, has increased. According to a survey on 20 
office buildings, 60% of the employees prefer direct sunlight in 
their offices rather than artificial lighting; for at least one season 
of the year [1]. In office buildings, daylighting affects indoor 
environmental quality, occupants' mental and psychological 
conditions, absenteeism reduction, productivity, and visual 
comfort [2-6]. Poor lighting levels cause several symptoms (e.g., 
eye stress, headache, and seasonal affective disorder) [2]. 

Visual comfort: via controlling the amount of light and reducing 
glare, is pivotal to the indoor environmental quality [7], especially 

in hot arid regions, which are characterized by high solar radiation 
levels during the year. In these regions, building orientation and 
shading systems are commonly used tools to promote visual 
comfort [6,8]. 

In Egypt, there are nearly 12 million buildings; among which 
60% of these buildings are residential against 40% of non-
residential buildings (e.g., office, retail, and educational buildings 
[9]). The share of these buildings is more than 55% of the total 
energy consumption in Egypt. More specifically, artificial lighting 
consumed about 36% of the entire energy used in non-residential 
buildings during the years 2013 and 2014 [10]. Therefore, 
maximizing the use of natural lighting in buildings is one of the 
primary goals to reduce energy consumption, not to mention the 
expected improvement of the indoor environmental quality and the 
conservation of  resources [10]. 
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1.1. Overview of biomimicry 
Nature has been evolving over the past 3.8 billion years [11]. 
Natural systems provide a large database of adaptation strategies 
and mechanisms of organisms to the surrounding environmental 
conditions, from which we can inspire solutions for design 
problems [12]. Biomimicry is a philosophy that seeks solutions for 
sustainability in nature; by understanding the rules that govern 
natural forms rather than replicating them [13]. Concepts, 
principles, and systems of biomimicry inspired architects to 
develop adaptive solutions and solve complex design problems to 
promote environmental quality [14]. Mimicking has three 
different levels, including: organism, behavior, and ecosystem; 
each involves five dimensions, or sub-levels, including: form, 
material, construction, process, and function [15-17]. As Zari 
argues, there might be an overlap between biomimicry levels and 
between dimensions as well [15]. 

Two main approaches are prompted when adopting biomimicry, 
namely the problem-based approach (top-down or ‘design to 
biology’ approach), and the solution-based approach (bottom-up 
also known as ‘biology to design’ approach) [18-20]. As per the 
first approach, the problem is defined and reframed, the biological 
solution is identified, and then the biomimicry principles are 
extracted to be afterwards applied. On the contrary, the solution-
based approach implies starting with the biological solution, then 
investigating the problem that this solution might be suitable for. 
Figure 1 illustrates the levels, dimensions, and approaches of 
biomimicry. 

Adaptation in nature is the ability to maintain internal stability 
while tolerating changing environmental conditions 
(Homeostasis). It is an essential property in organisms and plants 
for survival [21]. In hot, dry areas, animals (e.g., foxes, gazelles, 
camels, and reptiles) have behavioral, morphological, and 
physiological adaptation strategies to avoid excessive heat 

gain/loss and protect their bodies [22]. For example: coloration is 
an important factor in reducing heat absorption, so light coloration 
is more common in animals living in desert. The skin of reptiles 
secretes a fatty substance that helps protect from heat; by 
reflecting the sun's rays so that the skin absorbs 20-30% heat in 
desert climates, 30-40% in tropical climates, and 40-60% in 
moderate climates [23].  

As plants have been evolving for almost 460 million years, they 
have mature adaptation strategies to the environmental challenges 
(e.g., high temperatures, UV and solar radiations, and  water loss) 
[22]. For example, flower leaves reduce heat gain, enhance 
chilliness, reduce water loss, and maximize photosynthesis; by 
optimizing their angles (phototropism). Having small leaves and 
thorns in abundance instead of large leaves minimizes surface 
exposure to direct sunlight and, therefore, reduces heat gain. The 
thick outer layers and a wax cover reduce the heat gained 
(selective reflection) [22,24]. 

 
1.2. Biomimicry and building skin 
There are common features between the skin of a building and the 
organisms’ skin, membranes, cuticles, or shells; both protect the 
building/body from external conditions, and all of them are 
composed of several layers [24]. The building skin is the interface 
element between outdoor and indoor environments. It works as the 
building shield that can adapt to the environmental changes. 
Creatures have rich and diverse adaptation strategies that can 
inspire the design of the building skin. Figure 2 highlights the key 
similarities between organisms’ skin and the building skin [25]. 

Biomimicry concepts, principles and strategies have been the 
base on which many building-skin designs have been developed 
to promote quality and/or respond to environmental challenges. 
The following studies provide biomimetic inspired building skin 
design solutions for office buildings in different climatic regions. 

 
Fig. 1. Levels, dimensions, and approaches of biomimicry [16,17,19,20]. 
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For example, a building skin inspired from the form of folding in 
leaves and cactus managed to effectively improve daylighting  and 
reduce energy consumption in office spaces in Cairo, Egypt, in the 
southern façade. It reduced annual insolation to 115.5 KWh/m2, 
and sDA to 62.9%. Further, the annual cooling loads dropped to 
2964.5 KWh [26]. Another design of office building skin in the 
hot humid climate of Lahore, Pakistan, inspired from the Oxalis 
Oregano leaf, managed to reduce energy consumption by 32% and 
decreased illumination level (500-750) lux to 50% of the total area 
[27]. Mohamed et al. developed building skin design inspired from 

the shape of mangrove flowers, Cactus, and the giant white 
Ipomoea flower movement, for an office space located in the 
Cairo, Egypt, succeeded to reduce more than 50% of glare and 
39% of the total amount of cooling energy [17]. 

Learning from plants and trees, a multilayered biomimetic 
kinetic building skin, that is inspired from plant’s Stomata 
movement and behavior for a southern façade of office space in a 
hot desert area in Yazd, Iran, managed to improve daylighting 
performance and prevent visual discomfort, increasing Useful 
Daylight Illuminance (UDI) by 85.5%, keeping Spatial Daylight 

 
Fig. 2. Key similarities between organisms’ skin and building façades [24]. 
 
Table 1. Studies of biomimetic inspired building skins for office buildings in different climatic regions [17,20,26-28]. 
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   O  Shading system inspired from the form 
of folding in leaves and cactus. 

  

BWh 2014 [26] 

   O + B 
Shading system inspired from the form 
and the movement of Oxalis oregana 
leaf (Redwood sorrel). 

 
 

Bsh 2019 [27] 

   O + B 

Shading system inspired by the shape 
of a mangrove flower, cactus, and the 
whirling motion of a white 
moonflower.   

BWh 2020 [17] 

   O + B Shading system inspired by stomata 
distribution and movement. 

 
 

BWh 2021 [28] 

   O + B 
Shading system inspired from the form 
of Lotus flower and the movement of 
the human body muscles. 

 
 

Csa 2022 [20] 

Köppen Climate Classification: BWh: Hot desert climates, Csa: Hot-summer Mediterranean climate, Cfb: Oceanic climate, Bsh: Hot semi-arid climates. 
"O" means: Organism Level, "B" means: Behavior Level. 
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Autonomy (sDA) in an acceptable range (50.6%), and decreasing 
Daylight Glare Probability (DGP). Further, the skin managed to 
reduce solar heat gains by more than 90% compared to the base 
case [28]. Another adaptable envelope has been developed by 
Sadegh et al, being inspired from the shape of lotus flower petal 
as well as the movement of the human body muscles, when 
moving the arm and the fingers. The aim was to improve 
daylighting performance in an office space in Tehran. Annual 
Sunlight Exposure (ASE) values, due to the developed envelop, 
ranged from 10% to 40%, Daylight Autonomy ranged from 55% 
to 69%, Useful Daylight Illuminance underlit reached 20٪, and the 
Useful Daylight illuminance overlit was 11% [20]. Table 1 
summarizes the previous studies, defining the Köppen Climate 
Classification of the study area, biomimetic façade design, 
biological inspiration, biomimicry Level, and achieved 
environmental elements [17,20,26-28]. 

 
1.3. Office buildings and daylighting challenges 
In the Middle East, office buildings facades are characterized by a 
high Window-to-Wall Ratio (WWR) to best utilize daylight. This 
is considered the prime cause of visual discomfort; especially 
glare, in addition to increasing cooling loads [29]. Despite fixed 
shading systems have been argued to have the ability to control 
direct sunrays; and therefore, minimize heat gain and glare [17], 
these systems have not been adaptable to the changing 
environmental conditions [25]. A study on 51 office buildings in 
Egypt revealed that glare is the prime challenge for employees; 
due to the amount of glass provided in the façade without sound 
shading systems. This forces the employees to close all the blinds 
to reduce the intensity of the daylight and depend on artificial 
lighting [3]. 

The challenges of daylighting in office buildings, especially in 
high illumination rate countries, and the great potentials of 
biomimicry open the door wide for more investigation and 
elaboration. This can be done by either developing solutions 
learned from nature (problem-based approach) or identifying the 
architectural design problems that the wide spectrum of 
biomimicry solutions, principles and systems can solve (solution-
based approach). 

 
1.4. Statement of the problem 
This paper rationally reacts to the absence of architectural 
applications and solutions inspired from organisms and plants 
living in hot regions to improve daylighting performance in office 
buildings in hot, dry areas in Upper Egypt, Assiut. The study 
should not be limited to inspiring from one biomimicry level as 
this might limit the results expected. Rather, the study is open for 
the integration of more than one level of biomimicry for the sake 
of achieving best daylighting performance in office buildings. 

 
1.5. Aim and objectives 
The aim of this study is to develop a biomimicry-inspired building 
skin that can improve daylighting performance and promote visual 
comfort in office buildings in Assiut City, Egypt. For the aim to 
be attained, the following objectives are to be accomplished: 
• Identification of the daylighting challenges in office 

buildings in Assiut City, Egypt. 

• Development of biomimicry-inspired solution/s that have 
the potential to improve daylighting performance and 
promote visual comfort.  

• Development of a comprehensive evaluation system. 
• Evaluation of the solutions in terms of improving 

daylighting performance. 
 
2. Methodology 
For the aim of the research to be attained, the ‘problem-based 
approach’ is adopted; starting with the definition of the problem, 
reframing the problem, searching for the best biological solutions, 
defining the solution, extracting the design principles, applying the 
design principles extracted to the building skin design, and finally 
evaluating the solution developed in view of the set objectives. 

 
2.1. Identification of the design problem 
Assiut City is located at latitude 27.180134 and longitude 
31.189283 in Upper Egypt. According to Köppen's Climate Map, 
the climate in Egypt is typically desert; hot, dry summers with 
moderate winters (BWh: Hot deserts climate). The hot desert 
climate is characterized by a high intensity of solar radiation 
throughout the year, especially in Upper Egypt (i.e., the annual 
average of direct solar radiation ranges from 2000 to 3200 
kWh/m2/year [30]. Further, the average daily sunshine hours range 
from 9 to 12 hours [31]. In Assiut Governorate, the average daily 
solar radiation ranges from 8.0 to 8.3 kWh/m2/day [32]). 

The annual average lux values for the four main façades in a 
typical office building in Assiut City (namely, the northern, 
eastern, southern, and western facades), are 1662, 4714, 5747, 
5021 lux, respectively. The southern facade has the highest 
average annual illumination value of 5747 lux, therefore, the 
highest glare and visual discomfort possibilities [3,33]. The WWR 
as well as the use of a proper shading system/s strongly affect the 
daylighting performance; and therefore, the glare level and visual 
discomfort [29,34]. Thus, the research problem is to find a 
biological solution that can improve the daylighting performance 
in office spaces in Assiut City, which is typically characterized by 
high average annual illumination values, and great glare and visual 
discomfort possibilities. 

 
2.2. The biological solution 
Based on extensive research on the adaptation strategies of 
organisms and plants in hot, desert areas [22-24], reptiles 
(particularly snakes) have been selected as they successfully 
respond to high daylighting levels and illumination values. Further, 
plants have been selected as they can respond to a wide spectrum 
of changing environmental conditions (e.g., light, moisture, 
temperature, and wind speed) [23,35-39]. Therefore, the proposed 
biological solution is composed of two parts; the first has been 
inspired from the reptiles living in a hot climate (organism level), 
and the second has been inspired from the movement of plants 
(behavior level). 

 
2.2.1. Organism level (form dimension): saharan horned viper 
snake 
At the organism level, the biological solution is inspired from 
reptiles living in hot regions, especially snakes living in the deserts 
of Egypt. Specifically, the Saharan horned viper snake is one of 

http://creativecommons.org/licenses/by/4.0/
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the most famous snakes that lives in the desert of North Africa, 
parts of the Arabian Peninsula, and Egypt [35]. Light brown is a 
common skin color of the desert snake. Nevertheless, this color 
alternates between dark and light grades to reflect sunrays and 
therefore reduce heat gain [40]. Further, the snake has diamond-
shaped units covering its entire curved body. They are effective in 
ultraviolet protection, as they contain a structure of small flat scale 
units connected to each other [41]. Each unit contains a network 
of small concave holes. The curved-surface mesh structure reflects 
light more than other reptiles [37]. This unit-overlapping shape 
provides protection for the body of the snake from direct sunlight 
[23] and from heat as well [38]. 
 
2.2.2. Behavior level (process dimension): plants tropism 
In another sense, plants respond to several environmental changes 
such as darkness, light, moisture, rainwater, fire, temperature, 
freezing, and air movement [42] by dynamic mechanisms. They 
respond to the environmental stimulus through a biological 
phenomenon called ‘Tropism’ [39]. Accordingly, the building 
skin can be influenced by the rotation of the plants as per the 
location of the sun [43]. Figure 3 summarize the sources of 
inspiration of the biological solution developed. 
 
2.3. Extraction of design principles 
Being inspired by the skin structure and behavior of Saharan 
horned viper snake as well as the movement of the plants, the 
following design principles have been extracted, to become the 
basis on which the building skin alternatives have been developed 
and evaluated: 
• The main building skin modular unit is diamond-shaped to 

suit both flat and curved building facades. 

• The size of the modular unit, and therefore the total number 
of units covering the same area, varies to suit a wider 
spectrum of fenestration sizes. 

• The design of the modular unit should allow the full control 
of the amount of sunrays/daylight reaching interior spaces. 
Bendable modular units would help achieving this goal via 
controlling the soli-to-void ratio of the building skin 
developed. 

• Since the amount of natural lighting falling on the building 
facade varies according to the position of the sun during the 
day, modular units should be able to rotate; around a 
vertical axis, at an angle of up to 180 degrees. 

Figure 4 illustrates the design principles extracted from the skin 
of Saharan horned viper snake and the movement of plants. 
 
2.4. Application 
2.4.1. The base case 
There are two types of office work environments: (1) open-plan 
office space; where many employees can share the same space, 
and (2) the cellular offices, which is the most common style in 
office buildings in Assiut City (i.e., the office building consists of 
small rooms that one or two employees can use [44]). The base 
case is suggested to be a room located on the southern façade of a 
cellular office building in Assiut city, Egypt, with an area of 24 
m2; 4 m (W), 6 m (L), and 3m (H). The size of the office room is 
like office spaces in Egypt, and in Assiut City as well [45,26]. The 
area of the window is set to be 9.36 m2 (2,60 m × 3,60 m), and thus 
the WWR is 70%. As per the common brick sizes in Egypt, the 
thickness of the wall is assumed to be 0.12m. Working hours are 
from 8 am to 6 pm. Simulation context (building surroundings) is 
neutralized. To prevent the daylight from reaching the window 
from the top and the two sides, the building slabs and walls have 

 
Fig. 3. Sources of inspiration of the developed biological solution. (a) Saharan horned viper [35], (b) Form of the snake scales [23], (c) The module constituting the skin 
of the snake [36], (d) Exterior surface of snake scales [37], (e) The bottom surface of Lampropeltis Getula californiae snake [38], and (f) The plant's response to 
environmental changes (Tropism) [39]. 
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been extended outside the building facade to the location of the 
proposed skin. The extension of slabs and walls (frame width) is 
proposed to be 0.5 m in Base Case 1 and 1.0 m in Base Case 2. 
Figure 5 illustrates the main features of the three base cases, 
namely Base Case 0 (frameless façade), Base Case 1 (0.5 m frame-
width façade), and Base Case 2 (1.0m frame-width façade). Table 
2 shows the finishing materials selected for the walls, floors, 
ceilings, and the glass used in the three base cases [45]. 
 

2.4.2. Building skin design: parameters and options 
As per the design principles extracted from the skin of Saharan 
horned viper snake and the movement of plants, 5 parameters have 
been selected, namely (1) the distance between the building façade 
and the proposed skin system, (2) the number of the modular units 
formulating the skin, (3) the solid-to-void ratio of the modular unit 
and, therefore, the entire skin, (4) the horizontal bending distance 
of the skin unit, and (5) the rotation angle of the skin unit. To 
control the number of skin-design alternatives, a limited number 

 
Fig. 4. Design principles of the biological solution. 
 

 
Fig. 5. Illustrating the base cases. 
 
Table 2. The finishing materials of the base cases [45]. 

 Material Reflection 

Walls Wall LM83 50% 

Floor Floor LM83 20% 

Celling Plastic Ceiling Vent E14 548 80% 

 Material Tvis 

Window Glass Atlantica Transparent Glass Single Layer 66.3% 

 

http://creativecommons.org/licenses/by/4.0/
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of options has been set for each parameter. The distance between 
the building façade and the developed skin is proposed to have two 
options: 0.5m and 1.0m. These options allow for cleaning and 
maintaining both the building façade and the developed skin. 
Having an adequate surface area ranging from 0.217 m2 to 0.054 
m2, the number of the modular units formulating the building skin 
is suggested to be either 10, 12 or 14 units. The solid-to-void ratio 
(SV ratio) options of the modular skin unit and, therefore, the 
entire building skin, are set to be 40%, 60%, and 80%. The rotation 
angle of the skin unit, which normally ranges from 0° to 180° is 
divided into 4 intervals: resulting five rotation angles (0°, 45°, 90°, 
135°, and 180°). As the results of 0° and 180° rotation angles are 
identical, the results of 180° rotation angle are neglected to avoid 
duplication. Summing up, a total of 144 building skin alternatives 
have been developed and evaluated. Figure 6 introduces the design 
parameters and options of the developed building skin, and Fig. 7 
illustrates the structure of the skin. 

To determine the material used for the biomimicry building skin 
units, simulations were preformed using ClimateStudio software 
on 3 different materials and building skin options were constant 
(e.g., distance between the skin and building façade was 1m, 
number of units 12, solid-to-void ratio 80%, and  rotation angle 
45°). According to the daylighting performance when using the 

three materials, Opaque Roller Blind material was the best in 
reducing ASE and AAl criteria without affecting on sDA. 
Simulation results of suggested 3 materials compared to base cases 
are provided in Appendix A (Table A1), while Table 3 shows the 
skin finishing materials that have been used in this study. 

 
2.4.3. Simulation 
The modeling of the building skin alternatives took place using 
Rhino v6 and Grasshopper, and the simulations were performed 
using ClimateStudio (v1.8.8244.25334), which is based on the 
validated daylight simulation software Radiance and the novel 
path tracing technology; via performing hundreds of daylight 
simulations with different sky conditions throughout the year [46], 
[47]. All data related to the weather file for the case study area 
(building orientation, materials used for the room and the skin, 
measurement surface level, and determining the occupant's’ 
working hours (from 8 am to 4 pm) during which the program 
measures the lighting values) have been entered. Simulation 
results included glare and daylighting performance criteria, to be 
collected in a numerical form (Excel file), reports (pdf files), and 
images (jpeg files).  

 
Fig. 6. Design parameters and options of the building skin. 
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To satisfy the LEED v4.1 requirements; concerning the work 
plane height (no less than 76 cm) and the calculation grid standards 
(no more than 60×60 cm), the work plane height for all alternatives 
was set to be at a distance of 80 cm from the finished floor level, 
and the calculation grid was 60×60 cm [48]. 

 
2.4.4. Daylighting evaluation criteria 
The simulation has been conducted using Dynamic Daylight 
Performance Metrics (DDPMs), in accordance with the LEED 
v4.1, which examine the daylight performance considering the 
quantity and conditions of daily and seasonal variations of 
daylight. Calculations are based on the location, and consequently, 
the annual solar radiation and illumination levels [45]. (DDPMs) 
give accurate and comprehensive study of daylighting 
performance in the space during the whole year, not for a 
momentary and specific time [45]. LEED v4.1 Daylight Option (1) 
has been selected when using ClimateStudio plug-in [46]. 

Acceptable Annual Average Lux (AAl) range is assumed, 
according to the Daylight Availability and Useful Daylight 
Illuminance (UDI), to be between 300 lux and 3000 lux; satisfying 
LEED v4.1 requirements [3,33,49]. 

As for glare, several metrics have been developed, such as 
Daylight Glare Probability (DGP) and Spatial Distributing Glare 
(sDG) criteria. DGP index, developed by Wienold and 
Christofferen, measures the possible visual discomfort in the scene, 
being categorized into four levels of probability that a person 
would experience (i.e., imperceptible (DGP ≤ 34 %), perceptible 
(34 % < DGP ≤ 38 %), disturbing (38% < DGP ≤ 45 %) and 
intolerable glare (DGP> 45 %) [28,47]). ClimateStudio performs 
annual hourly glare simulations by sDG which is based on 
Daylight Glare Probability (DGP) [33]. sDG is the percentage of 

views, across the regularly occupied floor area, that experiences 
Disturbing or Intolerable Glare (DGP > 38%) for at least 5% of 
occupied hours [50]. The 5% exceedance time in glare 
assessments is defined in the European daylight standard EN 
17037 [47]. 

As a result, the following four criteria have been selected to 
evaluate daylighting performance: 
• Spatial Daylight Autonomy (sDA 300/50%): The 

percentage of floor area that meets target illuminance levels 
(300 lux) using daylight alone for at least 50% of occupied 
hours. 

• Annual Sunlight Exposure (ASE1000/250hr): The 
percentage of floor area that receives direct sunlight (>1000 
lux directly from the solar disc) for more than 250 occupied 
hours. 

• Annual Average Lux (AAl) (Mean Illuminance): The 
average illuminance on the floor area over all occupied 
hours.  

• Spatial Distributing Glare: is the percentage of views across 
the regularly occupied floor area that experiences 
Disturbing or Intolerable Glare (DGP > 38%) for at least 5% 
of occupied hours. 

According to LEED v4.1 requirements for office spaces, 
(sDA300/50%) must be ≥ 40%, (ASE1000/250hr) must be <10%. 
AAl range is assumed to be between 300 lux and 3000 lux. sDG 
must achieve the lowest possible percentage [3,33,49,45]. 

 
2.5. Daylighting performance evaluation (DPE) 
The DPE system was developed to determine the alternatives that 
achieve the highest efficiency of the four criteria and, thus, 

 

 
Fig. 7. Building skin structure. 
 
Table 3. Finishing materials of the building skin. 

 Material Reflection 

Skin units Opaque Roller Blind 80.48% 

Skin frame and rotation axis Aluminum Grey Exterior Cladding 47.58% 
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achieves the best daylighting performance. To develop DPE 
equation, there were three main steps as follows: 

 
2.5.1. Analytical hierarchy process (ahp) method 
The relative weights of the selected evaluation criteria have been 
determined using Analytical Hierarchy Process (AHP), as each 
criterion differs in its own assessment (i.e., sDA is a positive 
criterion with percentage results, so it is proportional to the 
daylighting performance), ASE and sDG are negative criteria with 
percentage results (i.e., they should be as low as possible), and 
AAl is a negative criterion with numeric average of lux. AHP is a 
decision-making method used to compares multiple 
alternatives/criteria [51], and it was performed in the form of a 
survey in this study. 

 
2.5.2. Survey 
A number of 14 locally based, faculty members have been asked 
to participate in a questionnaire designed to prioritize the selected 
evaluation criteria. The sample included 9 experts specialized in 
the daylighting and 5 professional architects. One response has 
been excluded as it could not satisfy the Consistency Ratio (CR) 
condition required by the AHP method. Therefore, the number of 
questionnaires became 13. CR is an indicator whether the answers 

are consistent/not conflicting, so it should be CR ≤ 10% [51]. This 
indicator is among the results of any AHP method operation.  

As per the results of the questionnaire, sDG has the highest 
impact on evaluating daylighting performance; with a relative 
weight of 34.46%, to be followed by sDA with a relative weight 
of 29.68%, ASE with a relative weight of 20%, and AAl a with 
relative weight of 15.87%. 

 
2.5.3. Evaluate DPE equation 
Upon the calculation of the relative weights of daylighting 
performance criteria, DPE equation has been developed through 
multiplying the weight value of each criterion by the value 
achieved from simulation, resulting a score for each criterion. The 
sum of these scores is the DPE score of the alternative. Based on 
the DPE score, the 144 alternatives are put in order; identifying 
best and worst alternatives as per their daylighting performance 
scores. The equation that represents DPE has been developed as 
follows: 

DPE score (out of 100 points) = sDA score + ASE score + AAl 
score + sDG score 
sDA score (max. 29.68 points)  =  sDA value ×  29.68 (1) 
ASE score (max. 20 points)  =  (100% − ASE)  ×  20 (2) 

 
Fig. 8. Correlation between daylighting evaluation criteria. 
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sDG score (max. 34.46 points)  =  (100% − sDG value)  ×
 34.46 (4) 

 
3. Results 
The simulation results revealed positive correlation between the 
four evaluation criteria, namely sDA, ASE, AAl, sDG. The 
strongest correlation has been found between AAl and sDG with 
a value of 0.95 (i.e., strong positive correlation). On the contrary, 
the lowest correlation value was 0.53 (i.e., moderate correlation), 
it has been found between sDA and AAl. Figure 8 illustrates the 
correlation values between the four evaluation criteria. 

The evaluation revealed that 16 design alternatives managed to 
fulfill the LEED v4.1 requirements, among which only 9 
alternatives succeeded to achieve notable improvement (from 
16.69% to 33.73%) compared to their base cases (8 alternatives 
with 1.00 m frame depth and an alternative with 0.5m frame 
depth). As shown in Fig. 9, and Table 4, the best alternative (ID 

78) achieved 95.21 points (out of 100 points); 22.06% higher than 
the score of its base case (Base Case 2). Compared to the base 
case, this alternative managed to decrease the sDG value from 
45.5% to 10.2% (77.5% improvement), decrease the ASE value 
from 21.4% to 4.3% (79.9% improvement), and decrease the 
Annual Average Lux from 3382.6 lux to 1135.7 lux (62.14% 
improvement). It is worth mentioning that there was no 
improvement in the sDA value compared to the base case. More 
detailed evaluation results of the 9 alternatives are provided in 
Appendix A (Fig. A1). 

 
4. Discussion 
The experiment of developing, and further evaluating, 
biomimicry-inspired building skin alternatives has proved the 
potentials of biomimicry to enhance daylighting performance. 
Results showed that the frame added to Base Case 0 (frameless 
room); via extended walls and slabs, enhanced the overall 

 
Fig. 9. Evaluation of the building skin alternatives. 
 
Table 4. Best building skin alternatives. 

Alternatives  Parameters 
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Distance = 1.00m  

1 78 0 0 60 14 1 98.6 4.3 1135.7 10.2 95.21 22.06 

2 77 0 0 60 12 1 97.1 8.6 1260.7 12.7 93.06 19.31 

3 87 0 0.1 60 14 1 98.6 8.6 1357.4 14.3 92.93 19.15 

4 86 0 0.1 60 12 1 100 8.6 1446.1 15.9 92.80 18.98 

5 76 0 0 60 10 1 100 8.6 1408.8 16.4 92.62 18.74 

6 88 0 0.1 80 10 1 85.7 2.9 1115.3 9.6 91.86 17.77 

7 89 0 0.1 80 12 1 81.4 1.4 1036.5 8.2 91.37 17.14 

8 144 135 0.1 80 14 1 100 8.6 1056.2 21.1 91.02 16.69 

Base case2 with 1.00m frame depth 100 21.4 3382.6 45.5 78.00 - 

Distance = 0.50m  

1 7 0 0 %80 10 0.5 %75.7 %0 1598.8 %7.3 90.27 33.73% 
Base case1 with 0.50m frame depth %100 %30 4659.7 %51.4 67.50 - 

 
AAl score (max. 15.87 points) =

�
If AAl value < 300lux, AAlscore = (100% − (300 − AAlvalue)/300) × 15.87

If AAl value is between 300 and 3000 lux, AAl score = 100% × 15.87 =  15.87
If AAl value > 3000 lux, AAl score = (100% − (AAl value − 3000)/3000) × 15.87 (minimum score of 0)

 (3) 
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daylighting performance by 15.8% in Base Case 1 (0.5 m frame 
depth) and by 33.9% in Base Case 2 (1.0 m frame depth). This 
seems consistent with the results of several studies that argued the 
ability of the shading system to control daylight and minimize 
glare and visual discomfort [29,34]  .The best 0.5 m-depth 
building skin alternative managed to improve the daylighting 
performance by 33.73%, while the best 1.0m-depth building skin 
alternative managed to improve the performance by only 22.06%; 
due to the improvement already made by the frame itself. 

In another sense, only 11.1% of the building skin alternatives 
developed (16 alternatives out of the 144) succeeded to fulfil the 
LEED requirements against 88.9% of the alternatives (128 

alternatives) that failed to fulfil these requirements. The 
improvement made by successful alternatives; compared to the 
base case, ranges from 33.73% (alternative ID 7: 0.5m frame 
depth) to 7.23% (alternative ID 81: 1.0m frame depth).  

As for the evaluation parameters used, results show that the 
average score of 1.0m frame-depth options (87.75 points) is 
relatively higher than the average score of 0.5m frame-depth 
options (84.54 points). Concerning the number of the modular 
units developed, 14-unit options managed to achieve an average 
score of 86.81 points, to be followed by 12-unit options with an 
average score of 86.08, and then by 10-unit options with an 
average score of 85.54. Further, 80% SV-ration options and 60% 

 
Fig. 10. Average score achieved by biomimetic skin options. 
 
Table 5. Highest average score options in each parameter category. 

Parameter Highest average score option Average Score (points) Illustration 

Rotation 0° 88.84 

 

Distance 1.00 m 87.75 

 

SV Ratio 80% 87.05 

 

Number of Units 14 86.81 

    

Horizontal Bending Distance 0.10 m 86.29 
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SV-ration options achieved nearly equivalent scores of 87.05 and 
86.93 points, respectively, to be followed by the 40%  SV-ration 
options with an average score of 84.45 points. Horizontal bending 
distance options achieved nearly equivalent average scores of 
86.29 points for 0.1m options and 86 points for 0m options. As for 
the rotation parameter, options achieved notably disparate average 
scores (i.e., 88.84 points for 0°-rotation options, 86.22 points for 
45°-rotation options, 86.06 points for 135°-rotation options, 83.44 
points for 90°-rotation options). 0° rotation-angle options are 
revealed to have the highest potential to improve daylighting  
performance, whereas 90° rotation-angle options appeared to have 
the least potential to do. In general, the rotation angle is argued to 
be the most significant design parameter in enhancing daylighting 
performance, being followed by distance, SV ratio, number of 
units, and horizontal bending distance, respectively. 

Figure 10 illustrates the average scores achieved by building 
skin options, while Table 5 introduces the most significant option 
in each parameter category that have the highest average score 
respectively. 

 
5. Conclusion 
Daylighting affects occupants’ comfort and productivity, 
especially in office buildings located in hot climate areas that are 
characterized by high solar radiation levels during the year. 
Biomimicry is an approach that mimic nature strategies to solve 
design problems for enhancing the indoor environmental quality. 
In this paper, biomimicry-inspired building skin alternatives to 
improve daylighting performance and promote visual comfort in 
office buildings in hot, dry desert BWh (climate) areas, in Upper 
Egypt, Assiut City, Egypt have been developed and evaluated. The 
proposed biological solution adopted the problem-based approach 
and integrated two levels of biomimicry: organism level (the 
Saharan Horned Viper Snake) and the behavior level (Plants 
Tropism).The proposed method in this study presents the steps of  
development biomimicry-inspired solution that have the potential 
to improve daylighting performance, and development of a 
comprehensive evaluation system for the used different 
alternatives.  

According to the most common style in office buildings in 
Assiut City, the base case was suggested to be a southern façade 
24m2 office room. There were 3 base cases with different frame 
widths; Base Case 0 was frameless façade, Base Case 1 with 0.5m 
frame-width façade, and Base Case 2 with 1.0m frame-width 
façade. Five skin building parameters were identified: (1) the 
distance between the building façade and the proposed skin, (2) 
number of modular units, (3) solid-to-void ratio, (4) horizontal 
bending distance, and (5) the rotation angle. These parameters and 
the set options formulated 144 building skin alternatives. Rhino v6 
and Grasshopper were used for modelling, and ClimateStudio 
(v1.8.8244.25334) was selected as the proposed daylighting 
simulation tool. The related weather file data, building orientation, 
used materials, measurement surface level, and working hours 
have been fed. Simulations of 3 suggested materials were 
conducted to determine the best material used for the skin units 
and Opaque Roller Blind material was the best in reducing ASE 
and AAl criteria without affecting on sDA. Four evaluation criteria 
based on DDPMs have been used to evaluate the alternatives, 
namely sDA, ASE, Annual Average lux (AAl), and sDG. There 
was positive correlation between all four evaluation criteria. The 

strongest correlation has been found between AAl and sDG with 
a value of 0.95. While the lowest correlation has been found 
between sDA and AAl  with the value of 0.53 (moderate 
correlation). 

To determine the best alternatives in improving daylighting 
performance, the relative weights of the four criteria were 
determined based on the feedback of 14 faculty of architecture 
members using Analytical Hierarchy Process (AHP) method. The 
results of the questionnaire have shown that sDG has the highest 
impact on evaluating daylighting performance; with a relative 
weight of 34.46%, sDA has a relative weight of 29.68%, ASE with 
a relative weight of 20%, and AAl a with least relative weight of 
15.87%. After the relative weights were calculated, DPE equation 
has been developed, multiplying the weight value of each criterion 
by the simulation result. DPE score can be calculated via the sum 
of the score of the four criteria.  

Results have shown the potentials of 16 alternatives to fulfil the 
LEED v4.1 requirements, 9 of them  managed to achieve notable 
improvement of daylighting performance, compared to the base 
cases; from 16.69% to 33.73%. Further, the results showed the 
disparity between options capabilities, within each parameter, to 
improve daylighting performance. For example, the frame added 
to Base Case 0 (frameless room); via extended walls and slabs, 
enhanced the overall daylighting performance by 15.8% in Base 
Case 1 (0.5m frame depth) and by 33.9% in Base Case 2 (1.0m 
frame depth). So, the average score of 1.0m frame-depth options 
(87.75 points) is relatively higher than the average score of 0.5m 
frame-depth options (84.54 points).The most significant options 
that revealed to have the potential to improve daylighting  
performance were the (0°) rotation-angle options, whereas the 
least significant options that had potential to improve daylighting  
performance  were the angle of rotation (90°). Summing up, 
rotation angle is argued to be the most significant design parameter 
in improving daylighting performance, being followed by 
distance, SV ratio, number of units, and horizontal bending 
distance, respectively. 

This study showed that integration of various biomimicry levels 
to design building skins inspired from adaptation strategies of 
living organisms and plants in hot desert areas can improve the 
daylighting performance. In addition, different parameters of the 
skin have proven their different impact on daylighting 
performance. Further, it spots the light on the potentials of 
biomimicry applications to enhance building performance either 
pre-construction or existing buildings and quantitatively 
investigate the influence of using these applications by simulation 
programs. In future studies, more parameters of the proposed 
building skin, inspiration from other creatures and implications in 
other climate zones can be tested. 

 
Appendix A. 
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Table A1. Simulation results of the suggested 3 materials compared to base cases. 
 Base case (1) Grey Cubicle Fabric (2) Fabric White (3) Opaque Roller Blind 

Base 
case 0 

Base 
case 1 

Base 
case 2 

Base case 0 Base case 1 Base case 2 Base case 
0 

Base case 
1 

Base case 
2 

Base case 0 Base case 1 Base case 2 

Material 
parameters 

Reflection (%)    17.02   83.37   80.48   
Specular (%)    1.03   0   1.29   
Diffuse (%)    15.99   83.37   79.18   

Daylighting 
performance 
criteria 

ASE (%) 40 30 21.4 - 15.7 1.4 - 15.7 1.4 - 15.7 1.4 
sDA (%) 100 100 100 - 91.4 71.4 - 100 100 - 100 100 
AAl (lux) 5747 4659.7 3382.6 - 1420 903 - 1935 1252 - 1910 1229 

Description of materials in 
Climatestdio  

 

   
 

 
(a) 
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