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Abstract
Global change of architectural identity is under the influence of
sustainable awareness. Sustainable built environment became
an inevitable principle to drive architecture today. Biomimicry
is applied science that studies nature in depth, examining
living creatures in all their diversity. By investigating physical
form, process, system and strategies, biomimicry also provides
platforms for finding solutions to support and improve problems
that humanity is beings facing today. Biomimicry work side by
side with sustainability, as nature and living creatures live in
harmony in a steady life cycle that adjusts to environmental
changes. This paper focuses on the life mechanism of a micro
bacterial organism species named Staphylococcus aureus (S.
aureus), looking into its survival strategies with the aim to
extract sustainable approaches that can be applicable to an
existing building in Dubai. S. aureus bacteria, in particular, is
the main focus of this study due to its high survival approach
in terms of the habitat body. The selected case study of an
existing building was examined in Autodesk Ecotect Analysis
and the findings have been further discussed.
Keywords: Biomimicry, Survival Strategies, Energy
Performance, Sustainable Built Environment, Ecotect Analysis
1. Introduction
With the rising awareness of the consequences of human
activities on earth since the industrial revolution, sustaining
life has become everyone’s responsibility as the population
expands. The need to utilise resources with efficient measures
in all areas of human activity became vital. The following figure

shows the damaging relationship between air conditioning and
global warming, which can only be changed by reducing cooling
demand in energy efficient buildings, and through more efficient
HVAC systems that could be also running on renewable energy
as seen in Figure 1.

Figure 1. Relationship between Air Conditioning and
Global Warming [1]
In recent years, there has been an increasing interest in
biomimicry science. Biomimicry is applied science that studies
nature in depth, examining living creatures in all its diversity by
investigating its physical form, process, system and strategies,
finding a solution to support and improve problems that
humanity is facing today [2]. Biomimicry works side by side with
sustainability, as nature and living creatures live in harmony in
a steady life cycle that adjusts to the environmental changes
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without effecting on each other’s balance; hence it can help to
develop many sustainable innovations inspired by nature.
The global change of the architecture’s identity is under the
influence of sustainable awareness, developing sustainable
built environments inevitable top criterion to apply. Observing
nature in closer angle and extracting lessons from living
organisms has led to many brilliant solutions to environmental
problems, such as the innovation of reducing usage of fossil
fuels to get more efficient use of the consumed energy inspired
by shark skin’s ability to reduce drag [3].
Another example of biomimicry practice is new polymer
composite material called self-healing plastic, stimulated by
the body’s power to heal itself of cuts. The new material is
made from hollow fibers filled with epoxy resin that is released
if the fibers suffer serious stresses and cracks. This creates
a ‘scab’ nearly as strong as the original material. Such selfhealing materials could be used to make planes, cars and even
spacecraft that can be lighter, more fuel efficient, and safer [3].
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Moreover, architects started to look into solutions derived
from natural habitats. Architect Mick Pearce designed an office
complex in Zimbabwe inspired from termites. The building air
conditioning system mimicked termite’s ability to maintain
its nest internal temperature compared to the surrounding
temperature. This strategy effectively reduced 90% of total
energy consumed on ventilating the building and saved more
than 3.5 million dollars in air conditioning costs [4].

energy efficiency adapting to the extreme climatic change in
Dubai. These sustainable solutions were tested with the use
of building simulation software, in this case, Autodesk Ecotect
Analysis [7] to evaluate the energy efficiency in the existing
building before and after the implementation of the sustainable
strategies.
2.1. Case Study Specification and Location
The case study is located in Dubai, United Arab Emirates,
positioned on the south west of the Burj Khalifa, Emaar
Boulevard in Downtown Dubai. Dubai is famous for its extreme
hot, humid and dry summers due to Dubai’s geographical
situation. Throughout the year, the temperature generally
shifts between 15°C to 14°C. Due to the geography of Dubai,
seasonal temperature swings between a warm season and
cold season. Relative humidity generally ranges from 26% to
92% throughout the year.
‘The Pavilion’ is a one story building serves as a contemporary
art space, library, cinema room and restaurant and café. The
pavilion is considered as a business and designer’s hub, thus
having sustainable features will influence the visitors to
consider sustainable lifestyle. The surrounding of the building
includes green area and spacious parking space.

This paper aims to analyse and adopt sustainable strategies
inspired by a microorganism in order to improve energy
performance or to solve a particular problem with an existing
architectural case study. As mentioned before, biomimicry
science is a vast field of application. Generally, practices
of biomimicry have obtained visible or tangible biological
creatures, such as plants and animals. The approach to
biomimicry in this study is rather deeper, taking inspiration
from the human body and its system of defence.
The main reasons for choosing bacteria is that 3.6 billion years
ago, life began in the form of simple single-celled creatures
and one of these creatures were bacteria [5]. Bacteria’s ability
to survive major climatic changes is remarkable, reproducing
new species with a strong immune system to cope with the
new environment.
2. Methodology
Data was collected from multiple sources through a literature
review about S. aureus and human body defence in order to
understand the biological reaction of the bacteria in new
environment. Sustainable design strategies were extracted
from the bacteria’s surviving mechanism and transformed into
design solutions for an existing building in Dubai. The focus of
sustainable solutions is around the occupant’s comfort and

Figure 2. Case study architectural plan and view from the
front elevation
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As shown in Figure 2, the east-facing vertical side of the
building receives more sunlight causing glare and excessive
heat gain entering three significant spaces of the pavilion: the
main seating area, dining area and gallery two. The reason
for allowing large amounts of sunlight inside is due to the
wide window walls with long height along the three spaces
causing discomfort, which will be taking in consideration in the
proposed building strategy.

S. aureus cell is enveloped by three layers of different chemical
substances where each one of these layers has different role.
Nonetheless, these layers play the biggest role of S. aureus
survival mechanisms.
In order to understand the survival mechanisms of S. aureus
bacteria, each presented design strategies will be reviewed in
three sections. The first section will explain the human body’s
defence mechanisms against alien bodies, and how S. aureus
reacts to defeat these mechanisms. The second section will
explain the strategy intent from the bacteria and the third
section outlines strategy implementation and the findings of
the computer environmental analysis using Autodesk Ecotect
Analysis [7].

Figure 4. Natural concept- S. aureus bacteria
Figure 3. Sun path for existing building

Below are summary of the inspired strategies.

3. Analysis and Results

3.2 Improving Building Envelope Thermal Insulation

This section will present analyses and results of this study.

The first defence mechanism of the human body immune
system is to engulf the alien body and release enzymes to
digest the alien body. The exterior layer of S. aureus is called
‘Capsule’. The chemical formation of the capsule works as a
barrier protecting the organism [8].

3.1 Natural Concept: Staphylococcus Aureus (S. aureus)
The main reason of this choice is due to the fact that 3.6
billion years ago, life began in the form of simple singlecelled creatures where one of these creatures was bacteria
[4]. Bacteria’s ability to survive major climatic changes is
remarkable, reproducing new species with strong immune
system to coop with the living measures. Murray et al (2005)
[6] defined S. aureus as “a gram-positive spherical bacterium,
which on microscopic examination appears in pairs, short
chains, or as bunched, grape-like clusters. Some strains are
capable of producing a highly heat-stable protein toxin that
causes illness in humans”.
Microorganism creatures are basic in their physical form,
however their ability to adapt in new environments and feed
from the habitat body enables the microorganism to survive
and grow. S. aureus is responsible for many types of diseases;
most commonly is food poisoning, scalded skin syndrome,
toxic shock syndrome and wound infection. Moreover, it causes
organ dysfunctions that ultimately cause death.
Figure 4 illustrates a simplified schematic diagram of S. aureus
depicting basic structure and a selection of virulence factors.

The strategy is inspired by the S. aureus’s protection mechanism
(capsule layer), which works as a barrier. A similar system can
be applied to the building envelope by using cavity wall and
insulation. To achieve better thermal resistance, insulation
material with a lower U-value is needed. By improving the
building envelope insulation a great reduction in thermal heat
gains and heat losses will accrue. As a result there will be
reduction in the electrical demand of cooling and heating loads.
The general interior structure of the existing case study is created
as open zones with minimal division resulting in less internal
barriers to heat gains and losses. This means that the building
envelope is the main source of heat transfer from the exterior
climate to the interior climate and vice versa. As the building is
absorbing heat, the heat will continue to flow deeper in the space
with the absence of barriers. Hence the indoor climate will rise
and the need to increase the usage of air conditioning (AC) will be
needed to sustain thermal comfort of the occupants.
The selected existing building was examined in Autodesk
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Ecotect Analysis and the findings have been further discussed.
Figure 5 demonstrates monthly heating and cooling loads of
the gallery area within the building. It is noticeable that the
majority of energy consumption is for cooling loads due to the
hot climate in Dubai, which increases the demand on using AC
to reach the thermal comfort of the occupants. Reading for
total annual cooling load is of 67,643 MWh/year with maximum
of 54,572 W at 15:00 on 19th August.

3.2 Improving Acoustic
Osmotic pressure is a vital biological process for cell membrane;
it is the exchange of solution outside the cell. Helmenstine
(2015) [9] explains the osmotic pressure as; “When the osmotic
pressure of the solution outside the blood cells in higher than
the osmotic pressure inside the red blood cells, the solution is
hypertonic. The water inside the blood cells exits the cells in
an attempt to equalize the osmotic pressure, causing the cells
to shrink or break”.
The second layer in the creation of S. aureus is called
Peptidoglycan layer. This layer works as a thick rigid wall,
balancing the difference between chemicals inside S. aureus
bacteria and chemicals surrounding it, thus preventing the
break of the bacterial body.
Referring to the existing building, one of the problems of the
space is the sound pollution. The library or study area in the
pavilion is considered to be the most used space, however, the
space is divided with panels of book shelves, being open to

Figure 5. Monthly heating/cooling loads of the gallery
space
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Strategy driven from S. aureus is creating a barrier such as
insulation in the building envelope. Insulating concrete form
(ICF) was selected for this study with thermal performance
of 0.030 (W/m²K). Roof material was also changed, adding an
air gap to reduce heat transfer from the rooftop with a total
U-value of 0.520 (W/m²K). The floor material was improved by
adding an air gap and insulation materials with a total U-value
of 0.880 (W/m²K).

the core zone of the building where all the main circulation of
visitors happen. Moreover, the other side of the bookshelves
is meeting area and dining tables and main openings to the
outdoor seating are directly in front of the library. As a result
sound pollution and noise is very difficult to control and
acoustic solution is needed.
The existing core zone area was tested in Autodesk Ecotect
Analysis [7] for visual rays and acoustical performance. As
shown in Figure 7, the green lines indicate sound rays coming
directly from the source. Visual ray and acoustic performance
results show dense rays penetrating the library area in the
existing plan.
Second strategy is to create a barrier in the core zone of the
building. Install a living green wall partition, separating the
library from the core zone. Plantation will be on the side facing
the core zone facing the window walls of the building. The
partition is implemented with layers of soundproof material
and an air gap to increase transmission loss of sound. Using a
green wall will:

Figure 6. Strategy implementation; monthly heating/cooling loads of gallery space

1) Enhance sound pollution
2) Produce fresh air from plantation.
3) Take advantage of sunlight entering the building

The new parameters of the building envelope were also
evaluated within Autodesk Ecotect Analysis [7]. Figure 6
demonstrates monthly heating and cooling loads of the gallery
space with existing building envelope materials (roof, wall,
and ceiling). The reduction on the cooling load is evident. A
decrease in electrical consumption to 35,686 MWh/year with a
maximum cooling load of 32,934 W at 15:00 on the 19th August.

4) Efficient use of vertical surfaces.
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Further acoustic analysis was undertaken to test acoustic
response in the core zone. Sound rays in the existing core zone.
Figure 9 shows a high percentage of masked sounds causing
discomfort for occupants. Reverberation time is the time that
takes for sound to drop 60 dB below the original sound level
after the sound is stopped. The following graph shows high
reverberation time (350 ms) and decay time (285 ms).

Figure 9. Sound rays, relative level of core zone

Figure 7. Direct sound rays analysis of core zone
The living green wall specification was recorded and further
testes have been carried out in Autodesk Ecotect Analysis [7]
for visual rays and acoustical performance. As shown in Figure
8, positioning the living green wall aligned to the bookshelves
as a space divider resulted in a significant difference. The visual
acoustic lines evidently reduced in the library space and are
reflected to outer spaces, the core zone.
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Figure 10. Strategy implementation; sound rays, relative
level of core zone
In Figure 10, acoustic analysis with the adapted sustainable
strategy shows a decline in the decay time (180 ms) and (280
ms) for reverberation time. Lower reverberation time increase
the performance of people using the library area and provides
acoustical comfort.
4.3 Improving Window Glazing
Going beyond the protecting layers of Staphylococcus aureus
from the body immune system. S. aureus relies on different
techniques to adjust to the new environment such as releasing
‘toxin chemicals’ that acts to damage tissues. This mechanism
helps the bacteria to penetrate through tissue layers to reach
blood vain, which automatically carries the bacteria to body
organs where it starts to colonies and grow.

Figure 8. Strategy implementation; direct sound rays
analysis of core zone

The contemporary existing building is designed to convey the
feel of transparency and harmony between the interior and
surrounding landscape. Therefore, big portion of walls is made
from glass, mostly on the east and west side of the building
that faces Emaar Boulevard and Burj Khalifa. Having large
window openings in height and width will allow solar radiation
transmitted into the building. Consequently, heat convection
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will allow massive amount of heat transferred to the building in
summer and warm air will flow out from the building, moreover
air conditioning will increase to achieve thermal comfort.
Similar to the bacteria usage of toxins to adjust to the
surrounding tissues, this strategy proposes filled gas glazing
in a double paned window along with low-emissivity coating
and good window frame material. Double-paned windows with
an argon gas fill will be used in the suggested strategy. A gas
filled windows minimises convective currents of heat inside
the window, and therefore reducing heat transferred into the
building. The existing single-glazed windows were replaced
with an argon gas filling with low-emissivity coating. This
resulted in a relatively low U-value of 1.44 (W/m2K) reducing
the amount of heat transferring from outside to the interior of
the building and vice-versa.
Daylight factor analysis factor was testes on the second
gallery space, where the west sidewall consists of window
walls. Figure 11 shows a comparison daylight factor analysis.
The illustration on the left is the existing single glazed window;
the colour gradient on the west side is bright yellow indication
bright laminating light entering the space in addition to heat
transfer to the space. Heat range between 20% to 6.0% of total
daylight factors.
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The illustration on the right side is daylight analysis of the
proposed strategy of double glazed gas filled window. The
gradient colours near the window have reduced to an effective
decrease of approximately 12%, resulting in good distribution
of light in the space. Heat range between 20% to 4.0% of total
daylight factors.

4.4 Natural Air Filtration
Bacteria rely on multiple layer skin to survive and gain strength
against the fighting immune system. Following similar concept
of multi layering, this strategy uses landscape to create
another protecting layer protecting the envelope. Planting a
variety of locally grown trees around the pavilion (case study
building) massively reduces solar radiation. In a study guide
by Schrock (2010) [10], it was founded that tree in full leaf can
block 70% to 90% of solar radiation. Furthermore, shading
trees on the east side of the building will prevent heat in the
morning, while trees on the west and southwest will act like a
shield from intense afternoon rays. Species such as Ghaf tree is
largely common in the hot climate, one of the most advantages
of this tree is that it grows in hot climate and does not require
large quantities of water.
Moreover, the availability of different trees and vegetation
surrounding the building is considered visually pleasant for
the visitors and users of the building, and it helps in enhancing
air quality filters the seasonal dusty wind and reduced the
speed of strong wind. On the other hand, due to the location
of the building, being near one of the most iconic buildings in
the world (Burj Khalifa) and the UAE’s largest shopping mall
(The Dubai Mall), noise pollution from vehicles is one of the
disadvantages of the space in which plantation and trees can
help in reducing the noise pollution.
5. Discussion
By improving the building envelope insulation, a great reduction
in thermal heat gain and heat loss will accrue. As a result,
there will be reduction in the electrical demand of cooling and
heating loads.
Inspired from Staphylococcus aureus’s protection mechanism
(capsule layer), which works as barrier integrated to the
bacterial cell wall. Similar application can be applied on a
building envelope by using cavity wall and insulation. To
achieve better thermal resistance, insulation material with
lower U- value is needed.
The main purpose of implementing thermal insulation is
to reduce heat input resulting from direct exposure to solar
radiation in order to keep the interior space pleasantly cool.
A good insulated building envelope responds slowly to the
differences in temperature between outside temperature and
the building interior. The amount of heat transferred to the
building depends on the efficiency of the insulation material
used, the lower thermal conductivity of the material the better
resistance of the insulator.
Living walls will not only enhance the acoustics of the space, it
will also reduce air pollution of the space and provide fresh air
by converting carbon dioxide to oxygen.

Figure 11. Before and after, daylight factors

The key effectiveness of this strategy is by the air moving
through the plants. Moreover, placing the living wall in front

28 - 30th May 2015 | Ankara - TURKIYE
of window openings is a strategic way to benefit from sunlight
entering the space and the air coming from the openings. In
addition to its easy installation, minimal water requirement,
easy irrigation system, living walls encourage the use of local
plants.

[9].

[10].
[11].

6. Conclusions
This paper set out to determine the influence of biomimicry on
designing and building energy efficient buildings. The challenge
in this study was the choice of natural element, selecting a
microorganism like bacteria and understanding its survival
mechanisms. Moreover, it involved conceptualising the reverse
view of bacteria as a force that fights the immune system to
survive. This was then reflected on to the case study where
the aim was to find solutions in order to reduce energy
consumption. Three different survival strategies were obtained
from the Staphylococcus aureus bacteria and transformed into
sustainable strategies. These sustainable strategies were
then tested using Autodesk Ecotect Analysis software where
different categories of analyses were preformed to test the
viability of the obtained bio-strategies; Heating/cooling load
analysis was used to evaluate thermal insulation. Visual rays
and acoustical performances in addition to acoustic response
analysis were used to evaluate the living wall and acoustics of
the building. Finally, daylight analysis was used to determine
the effectiveness of window glazing in the existing area.
Significant energy consumption was found in all the three
strategies. Furthermore, this is a reminder for all practicing
design professionals to utilise the available building simulation
platforms to aid their designs by also learning from nature
through biomimicry science and incorporating strategies.
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