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Abstract

Adaptation strategies and principles can be learned from nature. It has
developed through their evolution various strategies to cope with the different
climatic aspects that suit different environmental conditions. Investigating and
analyzing these strategies and their dominating principles is essential prior to the
transfer of their strategies to adaptive building envelopes. From plant adaptations to
Building envelopes using biomimicry. This approach can help future building skins
to be more responsive and adaptive that change with time to adapt environmental
conditions to both external and internal conditions and satisfies thermal comfort
levels.
Keywords: Biomimicry - Adaptive Building Envelopes - Energy efficiency - Plant
adaptations — Building react with Climate change.

Research problem

Currently, the existing buildings in the Egyptian context have poor building
envelope; the buildings are not efficiently 'sealed' and are liable to the loss and gain
of heat more aggressively. This is translated in poor energy performance, where
higher amounts of energy are needed to maintain thermal comfort and compensate
for this leaking.

1. Introduction

Buildings represent a great environmental challenge, as they are globally
responsible for approximately 23% of the entire global primary energy usage and
30% of the entire global electricity consumption [1].About, 60% of the total consumed
energy in buildings is dedicated to space heating and cooling [2].

The building envelope plays the main role in controlling energy consumption
in buildings and maintains internal comfort [3], [4]. Conventionally, a building
envelope has been considered a thermal barrier to prevent heat loss or shade to control
solar gain [5] , [6] . In fact, most of the building envelopes are constructed to provide
static design solutions [7]. Ali et al. [8] stated that conventional solutions for building
envelopes lack the ability to adapt to contextual issues and needs.

Nature has much to teach us as architects. Natural world is ever changing. As
far as weather adaptability is concerned, plants and animals have various ingenious
adapting capabilities. So in our quest to create a more sustainable built environment,
it makes sense to learn from natural organisms and to mimic useful relevant
treatments in order to create more sustainable and energy efficient buildings [9].
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2. Defining Biomimicry
The term biomimicry was derived from the Greek bios, which means life or
nature, and mimesis, which means imitation; ‘imitating nature’ [10].

Biomimicry has many definitions. Lipholt (2019), defined biomimicry as “an
approach to innovation that seeks sustainable solutions to human challenges by
emulating nature’s time-tested patterns and strategies” [11] - According to Baumeister
et. al., 2012, Biomimicry is the examination of nature, its models, processes, systems,
and elements to emulate or take inspiration from to solve human problems. Another
definition by Scott & Vare (2012) is that Biomimicry is the science of copying natural
systems and designs, to create new industrial products. It is based on what we can
learn from the nature, not on what we can extract from it [12].

The biomimicry principles focus exclusively on nature's attributes. The
biomimicry principles focus exclusively on nature's attributes; there by implying that
humans have much to learn from the billions of years of the natural worlds
evolutionary experience. They are: [13] they are important checklists to be adhered to
in ensuring the application of biomimicry resulting in sustainable outcomes.
According to the Biomimciry Group, the six (6) major principles of biomimicry and
their constituting twenty-three (23) principles are: [14]

Table (1). The major principles of Biomimicry.®Y TheRessarcher)

Principles Description Secondary Principles

using multifunctional design

Resource This is skilfully and using low energy processes (minimise energy consumption
(material 15 15 SKITTUTLY an by reducing requisite temperatures, pressures, and/or time
and conservatively taking for reactions) : '
advantage of resources and - -
energy) > recycling all materials
iy opportunities. =2 :
efficient Fitting form to function (select shape or pattern based on
need).
This is the continuous replicating strategies that work (repeat successful
Evolve to incorporation and approaches)
; embodying of information to | integrating the unexpected (incorporate mistakes in ways
survive . )
ensure enduring that can lead to new forms and functions)
performance. Exchange and alter information to create new options.
maintaining integrity through self-renewal
Adapt to This is appropriately embodying resilience through variation
changing responding to dynamic redundancy
conditions contexts decentralisation

incorporating diversity

Integrate | This  entails  optimally | combining modular and nested components

developm | investing and engaging in building from the bottom up
ent with | strategies that promote both

growth | development and growth. self-organising
using readily available materials
Been locally This is fitting into and Use of solar/renewable energy.
attuned and integrating with the cultivating cooperative relationships

responsive | surrounding environment. | leveraging cyclic processes

using feedback loops

Using life- This entails the use of building selectively with a small subset of elements
friendly chemistry that supports life | breaking down products into benign constituents
chemistry processes. Doing chemistry in water (use water as solvent).
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Biomimicry can be categorized into three levels: (1) form, (2) process and (3)
ecosystem [15]. Benyus [16] stated that mimicking practice undergoes three levels.The
first stage is to copy the attributes of an organism, namely, appearance, visual shape,
components, materials and morphological features. In other words, it means
duplication of an organism’s design. The second stage is to look deeper into
reproducing a biological entity’s procedures within its medium to mimic the natural
processes. The third stage involves a more complicated set of processes: both form
and processes of an ecosystem are duplicated.

Three levels of Biomimicry determine which aspect of ‘bio’ can be
‘mimicked’ and applied to a design problem: the organism, the behavior and the
ecosystem level repeated. Within each of these levels, a further five possible mimic
dimensions exist [17].

1) The design may be Biomimetic in terms of what it looks like (Form).
2) What it is made out of (Material).

3) How it is made (Construction).

4) How it works (Process).

5) What it is able to do (Function).

Levels of Biomimicry

Organism Behaviour Ecosystems

Form Material Construction Process Function

Fig. (). Levels and dimensions of Biomimicry.
Source: diagram by the Researcher.

In the field of architecture, one can see many examples that is influenced by
nature. Constructions similar to branches of a tree, analogies of flowers, network
configurations, etc. inspired the architectural design thinking since the ancient times.
This inspiration can be observed in two ways; (1) to reproduce the form with the
concern of form finding, (2) or to transfer the process of emergence of a living entity
(like material, form, structure, etc.) to design thinking. As it is just a concern of form
finding and most of the time does not refer to a functional and an ecological approach.
The second way is a different approach though, which offers to observe and
understand the functionality and harmony within the nature.

It is important to understand how each living organism has its own
functionality to create a nest to survive in its environment, to endure its conditions
but performing this with harmony and causing no harm to its environment. These
nests are built with instinct, as lightweight, stable, energy efficient dwelling based on
a genetic knowledge. Emergence of these natural forms inspired architects and
designers to study and research the field of biology and ecology to harness the
nature’s way of construction in a global network of harmony, with the objective of
creating a sustainable and an ecological built environment. Examples may vary; like
the material of a seashell or spider web’s endurance, geometries and spatial relations
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in a beehive, photosynthesis’ to harness energy from sun, etc. These examples all
point out the wisdom behind nature [18].

As architects, we can benefit from biomimicry to make buildings better by
pushing for more natural, integrated, efficient and healthy solutions. Perhaps this is a
way for buildings to harmonize with nature in renewed ways making built
environments more environmentally sound and healthy for occupants.

3. Adaptive Building Envelopes

Adaptive architecture as a concept has been given several alternative names,
such as interactive [19],dynamic [20], Kinetic [21], and Climate Adaptive Building
Shells (CABS) [22], and responsive [23], are examples of these systems, that when
applied to a building skin, it can actively adapt its behavior over time in response to
varying environmental conditions and performance requirements. Adaptive building
skins can contribute to reducing the energy demand for lighting and space
conditioning, positive enrichment of indoor air quality and thermal and visual
comfort levels [24] .

The building envelope represents the interface between the exterior
environmental factors and the interior demands of the occupants [25].

An adaptive building envelope should respond to changing environmental
impacts occurring in the exterior environs while managing indoor climate. The
concept of adaptive building envelopes aims at reduced energy consumption and
increased occupant comfort and control [26].

Adaptation of living organisms to their environment occurs in three main
ways: morphological, a physiological and behavioral. Following these types of
adaptation solutions are explained through plants [27].

Morphological or structural: Relating to an organism's shape, size, pattern
or structure dependent on their particular environment, and enables Dbetter
functionality for survival.

Physiological or functional: relating to an organism's chemical processes. An
organismic or systemic response of an individual to a specific external stimulus in
order to maintain homeostasis.

Behavioral: relating to how an organism acts. The actions organisms take for
survival. This type of adaptation is linked to a signal feedback system of signal and
response, where behavior marks an interaction between the organism and its
environment.

4. Methodology of Research
This paper focuses on adaptations of plants to environment. Plants, because of
their immobility have special means of protection against changing environmental
conditions (e.g. darkness, light, humidity, rainwater, fire, temperature, freezing, air
movement or air quality).

The methodology proposed in this study employed computational and building
simulation tools (BPS) for modelling, generating and simulating a broad range of
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Biomimicry solutions, by a parametric modelling software called “Grasshopper” in
Rhino, ladybug & Honeybee plugins [28].

__________________________________________________ Modelling Stage
start : -
i Parametric model Define climate zone Set up model
ie 1 of the base case 2 (Egypt Cairo) 3 properities
§ w Simulate by BB Thermal p'erformance of simulation the base case
:Simulate b Ladybug
s = ‘: ’irl Analyze Data
 :Parametric e R T S
: .epw .. I—‘ -y mmE
:programs weamanm ﬂ, j!}_ﬂ f:‘f_;f%lf
. ‘ ATET
: ____Climatedata ‘ Visualize Data
3 0O Weather data file
: QO Date & Time :
: O Location Analyze Geometry
: O Sky condition i
 {Grassho
I rasshopper | Setap
Biomimet
ic
solutions
on
building
envelope

Thermal performance of simulation
i on Biomimetic envelope 6

w Simulate by
i Honeybee (-

End

Fig.(2). Research Methodology of simulation to generate an environmentally conscious model .
Source: the Researcher .

5. Simulation of the case study

For the exploration stage, an open source environmental plugins for
Grasshopper 3D called Ladybug was used to help in creating a conscious regarding
the environmental architectural design. Ladybug imports standard Energy plus
Weather files (EPW) into Grasshopper and affords a variety of 3D interactive
graphics to aid the decision-making process during the early design stage. Thus, the
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main objective of this stage was to understand the thermal performance at all the
examined times and its interaction with the designed system using interactive
visualization for sun rays tracing [29].

40°C

T .. > Time zone discomfort
: From May to September

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
High C LowC
Fig.(3). All Year Climate & Weather Averages in Cairo.

Source : https://www.holiday-weather.com/cairo/averages/#chart-head-highlow_temperature
(Accessed 1-1-2020) .

The climate in Cairo is a hot arid climate. There is virtually no rainfall during
the year [30].

Thermal performance of simulation the base case

The simulation is performed using Energy Plus, which is a building thermal
performance simulation software. Simulation was performed on a sub-hourly level.
The features of Energy Plus make it ideal for this and other studies to assess thermal
comfort in building [31]. As it is based on an essential heat balance procedure where
surface temperatures are a part of the solution, the radiant effect of surfaces on
thermal comfort can be addressed. Without knowledge of the inside surface
temperatures, thermal comfort calculations are not possible [32].

000 V00O WEAHE R« m e b 4
2 it 5 e e -
e e e
H 7

= e w o i = Fin T e e (e
Fig. (4). Set up model in Grasshopper to evaluate biomimetic envelope for saving energy for cooling.
Source: by Researcher.

Thermal comfort is defined by ASHRAE [33] as "that condition of mind which
expresses satisfaction with the thermal environment”. Local climate greatly affects
the indoor thermal environment in buildings [34]. In hot climates, buildings are
overheated during the day due to solar heat gain through the building envelope and
solar penetration through windows
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A study has shown that in Cairo, a comfortable indoor ambient temperature
should be in the range of 25.5°C to 27°C for normal clothing. Humidity of the air
should be in the range of 30% to 60% and the optimum air movement in the range
0.3 m/s to 0.5 m/s depending on occupant activity (for a naturally ventilated
environment) [35].

As aresult of, a simulation was applied to get values of indoor air temperature
within day and outside air temperature of Cairo climate zone through the year.

Energy consumption in the base case:

It is observed in Fig (5) that energy consumption increases in May, June, July,
August, September, and October due to increasing solar radiation in these months.
The total yearly energy consumed by the base case model, is 31162 kWh/y, indicating
that the energy consumption in summer period is the highest consumption of energy.

Monthly Energy Consumption For base case

6000.0
5248.1

4890.8

5000.0 s
4218.3 :
: 3888.7
4000.0 3544 3
2962 2
3000.0
5000.0 1860. 3
. 915 1452 2
1000.0 -614.4 575 9 693.9
0.0

MONTHES = jan  Feb Mrch Aprll May June Jul Augs Sept Oct Nov Dec

CONSUMPTION KWH

Fig. (5). The base case simulation results that show Monthly Energy Consumption for base case and
maximum energy consumption during May to October (cooling period).
Source: Simulation by the researcher (Accessed 21-4-2020).

Calculating the overheating zone of the base case

For the thermal comfort part, to calculate the overheating zone we adopted the
adaptive comfort in ASHRAE 55-2010 intended for offices, where the comfort limit
is between 22.9° - 26.9° [36].

After analysis by using ladybug & honeybee simulation programs , the results
obtained, showed that the overheating period begin from April to October which
covers all the hour working from 8 am to 17 pm.

Table (2) illustrate the overheating period for the Base case. (8 researcher by Honeybee thermal simulation).
Operative temp

H Jan | Feb | mar | April | May | Jun | July | Aug | Sep | Oct | Nov | Des
8 188 | 198 | 20.7 | 22 | 28.2 | 27.6 | 256 | 27.1 | 269 | 255 | 21.1 | 204
9 19.1 | 20.2 | 21.9 | 22.7 | 285 | 27.8 | 258 | 27.6 | 27.3 | 26.6 | 228 | 22

10 20.2 | 21.7 | 23.7 | 242 | 28.8 | 28.2 | 26.1 | 28.4 | 28.1 | 27.9 | 24.7 | 23.7
11 22.7 | 243 | 25 | 26.2 | 293 | 28.7 | 26.6 | 29.1 | 29 29 27 | 2438
12 241 | 25.7 | 26.2 | 27.5 | 29.7 | 29.2 | 27.2 | 29.9 | 29.8 | 30.1 | 28.2 | 258
13 25.0 | 264 | 269 | 28.1 | 30.1 | 29.6 | 27.7 | 30.5 | 30.4 | 31 | 28.9 | 26.5
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14 26.2 | 26.9 | 27.2 | 28.6 | 30.4 | 30 28 31 | 30.8 | 31.7 | 29.2 27
15 26.2 | 271 | 27.4 | 288 | 30.7 | 30.4 | 28.3 | 31.1 | 30.9 | 31.8 | 29 27.2
16 260|271 273 289 | 31 | 308|285 | 31 | 309|316 28.7 | 269
17 253 | 26.6 | 26.7 | 28.8 | 31.2 | 31.2 | 285 | 30.8 | 30.8 | 31.1 | 28.1 | 25.9

6. Mimicking Plants movement in building envelop

Plants represent one of the main players of learned biomimicry in architectural
design. Plants have special features that can respond to changing environments, such
as darkness, light, humidity, rainwater, fire, temperature, freezing, air movement or
air quality, which make plants an inspiration of adaptive movements [37].

Plants, like buildings, lack movement and remain subject to a specific location,
so they have to resist weather conditions that affect them at all times and they have
special means of protection against excessive wind, drought, cold, heat and light.

Plants’ reaction to their environmental changes is the basis of this research
study. Several phases must be considered to enable us to apply the solutions from
plant reactions into executive solutions in engineering.

This intrigued the researchers to first investigate how plants react to
temperature through reactive mechanisms, then to decide whether or not such
mechanisms can be used to produce adaptive architectural envelopes suitable to
Egyptian climate, by evaluating the success of these alternatives in achieving thermal
comfort.

The building envelope controls heat gain and loss, allows views for visual
comfort, and provides natural light.

I inspired this idea but envelope = Sunflowers Harvest Solar Energy .
react for protect from sun . Design inspired from it by rotation

Fig. (6). Plants movement adaptation was inspired building envelope design that react with external climate
for achieve indoor thermal comfort (create idea mimicking steps) .Source: By Researcher.

Design inspired from Flower adaptation by scaling .

The adaptive behavior is accomplished via the changes in the envelope
configuration associated with the apparent movement of its parts, such as rotating,
folding, sliding, etc., for continuing these movements, electro motors that are
activated by an input from sensors and driven by outside energy input are usually the
driving principle behind this type of mechanism.

Translation plants mechanisms to the proposed design

The selected organism avoiding heat gain by Mimicking Cactus & plants
movement Mechanisms:

A. Mangrove flower

The design used a biological generative system approach for pattern
formalism, because it has been fascinated by Mangrove flower movement & Cactus
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form, while designing this pattern, the researcher has set the pattern rules, parameters,
and algorithms in order to mimic its shape and mechanism without making complex
geometries. The Mangrove flowers have small leaves and spine that reduces the
surface exposed to direct sunlight and isolate plants from gaining heat, while allowing
fresh air and sun light to pass between them without heat [38].

Fig. (7).The proposed design (left) inspired by Mangrove flowers pattern (right).
Source: Batanouny, K. H. (2001). Climatic Aridity in the Deserts of the Middle East.

B. Cactus form

Cacti stay cool by having ribs that provide shade and enhance heat radiation.
Shading system inspired its geometry from cacti with cooling ribs. These ribs shade
the surface against the scorching sun and simultaneously improve heat radiation [39].

}I“ | ' U‘x ] b A‘ \‘///—T’\:. ‘f—// s . M\ 4
Fig. (8).Set up model in Grasshopper to evaluate biomimetic envelope for saving energy for cooling.
Source: by Researcher.
C. The Giant White Ipomoea (Morning Glory)

The researcher inspired from Morning Glory plant rotation to react with sun
and envelope shading system rotate its elements to change their shape to protect from
direct intense solar radiation during the day which opening in the morning and closing
in the afternoon [40].

AL

)
|

Fig. (9).The Giant White Ipomoea (Morning Glory) which opening in the morning and closing in the
afternoon. Source: https:/mww.gardeningknowhow.com/ornamental/vines/morning-glory/ (6-3-2020).
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And simulating the movement of plants by rotating leaves which enable the
plant to orient its leave away from maximum exposure to the sun [41].

Movable part ] X _’_’The parts of the shading

Fixed part : ‘ device resemble the leaves of

a flower that attempts to

"sl'yl;i;necofxgl‘arthit;l’:gu?: { . rotate to overcome intense
similar to plant branches. solar radiation.

The motor responsible for
the movement of the shading
device, which may be
automatic or manual.

The main structural
system for the shading
device is similar to the
stem of the plant.

Fig. (10).Elements of the design of the Biomimetic building envelope and explains how it spins to deal
with the sun. Source: by Researcher.

7. Model description

The designed pattern used in this model was inspired by the adaptation
strategies of plants in hot, dry climates. Such plants can dynamically alter their
physical shape in response to climate conditions to maintain predefined performance
criteria throughout the year. These kinetic mechanisms for environmental adaptation
are essential as can now be found in building skins in recent architectural design
practice.

The proposed dynamic shading system is a screen comprised of rectangle units
that act as individual shading devices that rotate to various angles in response to the
sun’s movement in order to obstruct the direct solar radiation.

Table (3) : Biomimetic design that responses to the sun in order to protect the direct solar radiation in hot
times.

%

Step 2: connect between other shapes | Step 3: designing of rotating shading
to form the unit. device unit. "

.0.0.0.0.4
s
OXXXXD

Step 6: the relation between other Step 5: final design of each module Step 4: final design of each module
modules in facade. in close position. in open position.

The shading device systems contain stainless steel supporting frames,
aluminum dynamic frames, and fiberglass mesh infill. The rotating system transforms
the shading screen from a seamless veil into a lattice-like pattern to provide shade or
light. Each shading device comprises a series of stretched (PTFE) panels.
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PTFE Panels is a material that can stand against wind, dust, sand, and
ultraviolet radiation, it also considered as a self-cleaning material and has long life
expectancy of 150 years. The material has a pattern of perforations with a suitable
density that enables light and air to go through it [42] .

Each unit comprises a series of stretched PTFE (poly tetra fluoro ethylene)
panels repeated and is driven by a linear actuator that will progressively open and
close once per day in response to a pre-programmed sequence that has been calculated
to prevent direct sunlight from striking the facade and to limit direct solar gain to a
maximum of 400 watts per linear meter 2. The entire installation is protected by a
variety of sensors that will open the units in the event of overcast conditions or high
Winds [43] .

8. Rotation motion mechanism of the proposed shading

The proposed shading screen is computer-controlled to respond to optimal
solar protection and light conditions. The folding shading devices are grouped into
sectors and are operated through sun tracking software that controls to open and close
sequence according to the sun’s intensity angle. Each shading device comprises a
series of stretched PTFE panels and is driven by a linear actuator. The actuator is
responsible for opening and closing once per day based on a pre-programmed
sequence to prevent direct solar radiation. Under overcast conditions or high wind
conditions, a series of sensors integrated on the building envelope will send its logged
signals to the control unit to open all units.

In this case of a shading device having different rotation angles are calculated
which are -45°, -22.5°, 0°, 22.5°, 45°, Starting from Step 1 to step 5. Here, -45°
represents the fully opened state of a shading device. As shown in Figure 4, 45°
represents the fully closed state of a shading device.

Rotation motion

45 degree
Close position
Fig. (11).Pattern transformation of the five cases for rotation motion inspired by (The Giant White
Ipomoea) plants adaptation mechanism. Source: the researcher .modelling by parametric program
“Grasshopper” .

And it can also be provided with manual motors to suit the desire of users, due
to the ease of the mechanism used to control the opening and closing of it.
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9. Thermal Performance and Comfort Analysis

After completing the simulation using the proposed methodology, by
simulation tools and data were created. In order to analyze thermal performance of
the building envelope, Zone Air Total Cooling Energy [J], were focused in the case
study.

To analyze the effect of the proposed experiment on building’s energy
consumption, a seasonal heating/cooling analysis and a peak energy analysis for each
of the heating and cooling were performed.

Energy consumtion &saving in cooling period

m Base case m on south fagade mon East facade2
on west facade3 on south&East facade4 on south&West fagade5
: mon south&East&West facade® :
6000
BOOO et R -
4000 savirj_g ene:gy' """ RS, -
3000 ................ E --------- ..“" ................
e RS TP B .
2000 - JMEs i e W
0 - o = = o
May June Jul Augs Sept Oct

Fig.(12). Comparison between base case and Biomimetic solution simulation results that show Energy
consumption &saving during May to October (cooling period) .

Fig (13) shows annual cooling energy consumption. The figure shows that
there is a reduction in cooling energy consumption across the year if applied in South
& West &East facades 16080.4 kwh respectively while base case 26448.3 kwh per
year that saved cooling energy by 39%.

Energy Consumtion for annual cooling energy

m Base case consumption. on south facade
mon East facade2 mon west facade3
mon south&East fagade4 mon south&West facadeb
on south&East&West facade6
Jennss . s
I 18699.8 I I 175207 171941 | 160804 |
COOLING LOADS illllllllllllle

Fig.(13). Showing Annual heating and cooling energy consumption & saving across the year.
Source : Simulation by the researcher (Accessed 21-7-2019) .
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Results and discussion

The results showed that After analysis by using ladybug & honeybee
simulation programs, the results obtained showed that the overheating period begin
from April to October which covers all the hour working from 8 am to 17 pm.

Simulation of the operative temperature is selected as significant indicator, the
most major to express the indoor thermal comfort. The simulation indicated that
applying biomimetic solution achieve a considerable reduction of heat gain, and
thermal comfort, especially in summer periods, as shown in table (4), as the
overheated area was reduced compared to table (2), and that the comfort hours
increased by 2873 hours per year.

Table (4) illustrate the reduction in discomfort hours after applying biomimetic solution, ® rearcher simition)
Operative temp the most major to express the indoor thermal comfort

H Jan | Feb | Mar Aﬁm
8 179 | 194 | 20.1 | 21.0 | 247 | 246 | 255 | 252 | 244 | 243 | 204 | 195
9 18.0 | 194 | 20.1 | 209 | 248 | 246 | 255 | 251 | 244 | 242 | 21.3 | 195
10 18.1 | 194 | 20.2 | 212 | 25.0 | 246 | 25.7 | 252 | 245 | 243 | 21.8 | 195
11 183 | 195 | 206 | 21.7 | 253 | 248 | 258 | 254 | 247 | 244 | 22.1 | 19.7
12 184 | 199 | 21.2 | 222 | 25.6 | 25.0 | 26.1 | 25.7 | 249 | 2477 | 225 | 19.9
13 185 | 203 | 21.8 | 229 | 26.0 | 253 | 26.3 | 259 | 25.2 | 25.0 | 228 | 20.2
14 186 | 21.1 | 224 | 238 | 26.3 | 2568 | 26.6 | 26.3 | 255 | 25.3 | 23.1 | 20.9
15 188 | 219 | 226 | 247 | 26.6 | 26.1 | 27.0 | 26.6 | 258 | 25.7 | 234 | 21.2
16 189 | 226 | 23.1 | 255 | 269 | 264 | 27.3 | 269 | 26.1 | 26.0 | 23.7 | 21.8
17 19.0 | 229 | 236 | 262 | 27.1 | 268 | 275 | 272 | 26.3 | 26.2 | 239 | 224

May | Jun | Jule | Aug | Sep | Oct | Nov | Des

Conclusion

Plants represent one of the main players of learned biomimicry in architectural
design. Plants have several unique features that help them adapt to improper weather
condition of humidity, temperature, darkness, light, rainwater, fire, air movement or
air quality, freezing, which make plants an inspiration of adaptive movements.

The current study succeeded in developing a conceptual biomimetic model of
adaptive envelop as a way of protection from excessive heat gain by building’s skins.
This new approach can help in enhancing cooling and achieving thermal comfort in
buildings located in hot climate such as in Cairo. This convert conventional envelope
into a dynamic envelop that respond to external environment to thermo regulate its
temperature.

The proposed system reduced glare, improved daylight penetration, less
reliance on artificial lighting, and achieved over 50% reduction in solar gain, which
results in a reduction of CO2 emissions and achieving indoor thermal comfort .
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