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ABSTRACT

Egypt has suffered several problems for applying the traditional building
materials on buildingenvelopeswhich resultsn degradatiorof building quality and
failure to stimulate environmental factofsccordingly, this papeipresentsnnovative
nanomatdals and their effect on envelopes in orderingrove the performance,
efficiency of building envelopesndreducethe total energy consumption of new or
existing buildings Furthermore,nanomaterials are considered one of the most
promising highperformance materials in construction applications asgbsyesgreat
features against environmental factors compared to traditional pehirgsesearch also
demonstrates high performance thre adaptation anthe response of buildings to
external factorsThe paperalsodiscusses the concept of hanomaterial application on
building envelopes in Egypt in order to enhance the knowledge about adaptive
envelopes area and innovative technologldanomaterials are capable of saving
energy,reducing costsextending the life span of buildings and reducing maintenance
if new technologies are considered to be a crucial factthre innovative architecture.
The innovation in materials wilbe affectedoy nanotechnologywhich will have an
impact on architecture and its concept.

KEYWORDS: Nanomaterials,Responsive,Nano coatings,Innovative envelopes,
Energyconsumption

1. INTRODUCTION

At presentthe technological developments have a direct impaetrcimtecture,
as nanotechnology is considered as one of the most interesting reseasth emeovate
unique featuresyhich have the capability to be used on an atomic and molecular scales.
This revolutionary technology has many possibilities to chdngedesign process of

building envelopes. In addition, the recent researches suggest thatnihmaterials
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used in the built environments have such many advantages that they can fix current
problems in constructioas well agprovide the building requireemts[1]. Therefore,
this methodology explains the change of thinking through the use of nanomaterials in
order to achieve innovative forms in building enveloplsalso clarifies how
nanotechnology continues toferf a lot in all areas of lifegspecialy in architecture,
with global tremls towards energy conservatigmopduction ofeccfriendly materials,
and contribution to the low cost of operating in the long tddmfortunately, some
architects are unaware of the dimensions and importance of nanotechbhekidgs
how these materials can be practically leggpto the building envelopes. Sogwvill
highlight this technique through introdagi it with identifying itsuses,as well as its
classification and applicability in architecture. Consequently, this research discusses the
uses of these materiatsaddition totheir applications on the building envelop2k

Global market size rates for nanomaterials are eotigtincreasing due to the
continuots innovation in architecturgradual development of construction technology,
continuous reduction in costs for producing nanomaterials and new application areas.
Global and Chinese market standards for nanamétevhich appear in the pagitesent
and future are shown in Figs. 1 ahf8].

The application of nanomaterials in construction, especially in the building
envelopes, leads to the preservation of energy, environment and resources.

Consequently, the market demgbcontinues to grow.
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Fig. 1. Nananaterials market rat@ast Fig. 2. Nananaterials market ratéuture
present 2010 to 2019 [3]. 2020 to 20233].
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2. STATEMENT OF THE PROBLEM

The main problem discussed in this paper is that many buildinggilhnesing
traditional materials in the building envelopes whether in their conventional or refined
forms. Consequently, buildings with the traditional materials increthge energy
consumptionmaximize initial and operational costs as well. Furthermibris, paper
demonstrates the value of adding nanomaterials to building envelopes and its effect on
the interactive performance of these envelopes. However, the question that researchers
need to answer is twofold: firstly, what is the role of nanomatenmalexploring
innovative envelopes®Becondly what are the main obstacles to implementing

nanotechnology projects in Egypt?

3. RESEARCH SCOPE AND PURPOSE

The research purpose is to improve the performance of buildings by applying
nanomaterials to buildingnvelopesand to assesthe degree to which the use of
nanomaterials influences them through the following poingsluction of energy
consumpion, reduction of maintenanceelf-cleaning, aesthetrequirementsxtended
life span, and beingco-friendly materials Thus, this paper aims to identify responsive
nanomaterials, which affect the architectural development, aesthetic and functional
appearance of the building. In addition, it shows how to impbotiequality, efficiency

of thebuildingsas well

4. RESEARCH METHODOLOGY
4.1 Theoretical Approach
Thisis based on the inductive method of studying the concept of nanomaterials

and their evolutionclassification according to their innovative applications in the
building envelopes besidesthe role of nanomatials and their applications in
architecture

4.2 Analytical Approach
This is based on analyzing the applications of nanomaterials on building

envelopes in order to use lowewst, moreeco-friendly and adaptive materials as a
performanceébased methodologfpr controlling thermal comfort and moisture within

the internal spaces of buildings according to the changing climate conditions.

2207



M. R. ABDALLAH ET AL

4.3 Deductive Approach

This is based on applying nanomaterials to the building envelopes of two
different models of buildings in Egyptleducing the effectiveness of these materials and
their impact on the building envelopdken evaluating each one of them through the
points specified above.
S. THEORETICAL APPROACH

The theoretical approach provides a briekrwiew of nanomaterial role in
scientific and technological development through the concept of nanotechnology, the
discovery of these nanoparticles that are measured by nanometer unit and concentration
on applying the nanomaterials to building envelopes.

5.1 Nanotechnology Revolution

Scientists confirm that nanotechnology will revolutionize science because its
applications and inventions are dsm various fields of lifethe materials used in
processing the building envelopes can be classified into sixgategories as follows
nanomaterialsfor heat insulation regulate temperatureheat absorbent windows,
intelligentNanctechngues to control light and heaiy purification coatings, and self
cleaning coatings. Hence, this paper will explore theovative qualities and
characteristics of these materidlse potential advantages of using them in the building
envelopes.

5.2 Nanotechnology Definitiors

Nanotechnology is a technique that gives us the ability to directly control
materials, which granteié material new properties and behaviors. In addition, this point
refers to the concepts afanq nanotechnology in architecture, and the effect of
nanomaterials on the building envelopéss].

5.2.1 Nano and nanotechnology

Nano means extremely small or minute object, the wambfirst appeared at
the beginning of Greek age as it is derived from the Greek word $Naneaning in

English "dwarf ",the specifications afianoscale is shown in Fig. 3, where in science,
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it mears a part of a billion ofmeters(that is a part of thousands of a million) and in
numbers (18 m) or equal to onenillionth of a millimeter[6].

Nanotechnology has the ability to rearrange atoms and molecules for innovative
materials, which play a major role in architecture, particularly its applications to
envelopeslong with itsinteractionin face ofexternal influences. Thus, we can employ
these materials on structural or rstnuctural materials to improve the quality of
constuction and raise its efficiency [4, 7,.8[he plans for the future of envelopes

technologyareshownin Fig. 4

i .| Energy Revolution
a:&.' S Nal’lOte:hnology > Methods
I * P- . s 1nm=10"
Il‘; |- Innovative
e - e materials Structural
E. rx |- System
— Forms of R Innovative
buildings " Envelope
envelopes
Adaptable
Skin
Fig. 3. Nanoscale from the meter to thi Fig. 4. Plans for the future of
nanometer [4]. envelopes technology [7].

Nanoarchitecture is between nanotechnology and architeethieh contributes
to a new generation of architectudaisigns thavill affect the building envelopes in the
built environment7, 9]. The outline of nanotechnologies in architecture is shown in

Fig. 5.

Nano Architecture

v
Change the » New Forms
way of thinking -
v Nano Architecture:
» Nano Material »  Nanotechnology in building
Implementing Nano envelopes
technology in
buildings —»| Devices/ Technologies

Fig. 5. Nanotechnologies iarchitecture [7].
5.4 Nanomaterialsin Architecture
As stated earlier, nanotechnology deals with the properties of the materials.

Architects started to search for the use of this technology in their designs so that the

traditionalmaterials ould have different featuresshich result ina beneficial impaabn
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externalbuilding envelope$9-11]. The methodology of nanotechnology illustrates the
shift in the way of thinking through the use of nanomaterials. The technological
progression of nanomaterials is illustrated in Fig[1@]. Basically, this can be
implemented through the exploration of nanomaterials for developing new and creative
forms in interactive envelopes of building. With global trends towards energy
conservation and the production of environmentally friendly matenalspmaterials
still provide a great deal in all areas of life. An example of the global trends, US
nanotechnology federal funding from 2001 to 2018, is identified in Figwhich
deduced thathe usage rate of nanomaterials reached%5m2018,and therate of
application of materials in building envelopes incre§$8s14].

It is to be noted thatni addition to building materials performance, distinct
characteristics and their superior ability to interact with changing factors, the amount of

savings m using this technology has reached (25%).

5.52% Instrumentation, research,

metrology, and standards .
[ Nano } 22.1% Nano scale 4.2% Nano

Material Devices and systems Manufacturing

2 . . 10.9% Major research
v v & 15.4% facilities and instrument
Change { Nano [ acquisition
[Traditiona} [NGW Matefiéﬂ s, Ma’rprialq;:jo 5.17% Environment,
Material Architecture ROV health, and safety
33.9%Fundamental 2.76% Education and
Nano scale phenomensa issues
15.4%Nanomaterial
Fig. 6. The technological Fig. 7. Trends in US nanotechnology
progression of nanomaterials [1 federal funding, 20012018 [13].

6. ANALYTICAL APPROACH
6.1 Nanomaterial Applications and Functions

Nanomaterials have created an innovative world of functionality for materials
andinnovative construction capabilities. Therefore, the use of nanomaterials in building
envelopes assess in resolving several energy related problems. Nano engineering uses
both materials and techniques for the purpose of producing multifunctional composite
materials of superior properties and durahilifthe Innovation of sustainable

nanomaterials is shown in Table 1 [15].
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Tablel. Nanotechnology axes enalitgovation of sustainable namaterialg15].

> T Structural materials Nonstructural materials
c_c:” o Nanoteclcement Joncrete Nano Glass
2 g NanoSteel Plastic and polymer
§ 2 NanoWood Nano Aluminum
o2 g New structure materials Drywall
g 2 . . .
2 T T > _ i S ecledning (Louts EffeePhoto Catalytic), Easy to Cleanin
o %_ S RS Coating  (ETC), Anti finger print, AntiScratching, AntiReflection, UV
s2 3 g S Material protection, AntiGraffiti, and AnttBact er i a ¢
5] =55 — . —
L2 § < 8 o 6o Application of Nano Material Insulatioi T h e r ma | I
7 <3 § § 5‘% Panels, Vacuum Insulation Panels (VIPs), Aerogel (Nano C
< og TEZ Thin-Film Insulation, and PCMS (Phase change materials
O F—<< Z 2u S

o

AEner gy Producti on

Nanomaterials are useth building envelopes to enhance the efficiency of
traditional building materials such as concrete, steel, and glass. Furthermore, increased
strength and reliability are also a part of the drive to reduce the environmental footprint

of the built environmet which minimize energy consumption [15].

6.2  Structural Materials
6.2.1 Nanotechcementconcrete

Concrete is the most widespread and even used building material in the
construction sector, as it is used to establish the structural framework of the building,
wheremany studies have been carried out on concrete to develop its properties [16].
Conventional concrete combined with the ratio of silica ¢bikkat make up the concrete
[17, 20].In concrete, nanotechnology was used to enhance its properties by adding
mateials (e.g.nanosilica, carbon nano tubes, and nano titanium digxttat gave it
new propertiesvhich have the ability to feature durabilityigh efficiency, and increase
strength[17].
6.2.2 Nano-wood

In general, wood is one of the most ofiesed structal materials, whereas wood
to some extent is considered as simple materials, so nanotechnology has been used in
the wood material in order to make it more coherent and stronger than the natural
material, where wood particles are gathered and rearrangbecavip materials. In

addition,nanosensors are also createdrignomaterials in order to identify fungi and
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corrosive points which help in sdlieatment procesgl8]. However, the high cost

accompanied with nar@ood materials restrain their propagation in Egypt.

6.3 Non-Structure Material
6.3.1 Application of nano coatings onglass
The nonstructure material is based on analyzing the applications of nano
coatings on glass for selfeaning (Louts Effect Photo Catalytic Easy tocleaning
(ETC), and disinfection properties of Natreated glasare addressed in Tablg 9.
Table2. Applications of nano coatings @hass[19].

Non- Properties
structural Self-Cleaning Self-Cleaning Easy to Cleaning
materials (Lotusi Effect) Photo catalytic) (ETC)

Lotus leathas fine
hairs that reduce
stress on the

The SelfCleaning (Lotus
Effect) is used iuildings to
minimize maintenance and sawv

The photo catalysis is used
building air technology

Utilization . systems. As well as,
costs. Therdy allowing the > . surface and
o Fujishimai used oxidation
building envelopes to be self . L prevent water
properties of (T®.) in light. .
cleaned. absorption.
Application Building Envelopes
Application
forms

Technique  TiO2, Granule coating applied ¢ TiO,, Glass coating with
used fabrication. titanium dioxide.

- This eliminates dust and property does not
contaminants from the glas 50w ultraviolet
surface to enhance light to enable its
illumination and light role in such
indoors, thus reducing the  ¢\,faces that use
energy use used in lightin  \y5ter to clean.

- Its reduces maintenaac

costs

- Easyto-clean

- Excellent wateiflushing
capability. As well as
Buildings would be able to
maintain themselves
automatically andlirectly.

- The lotus effect has resulted i

a highly wateirepellent surface.

Critical
Commensg

6.3.2 Nanoaluminum

Aluminum is considered to be one of the lightest weight building materials
relative to thickness; aluminum density (Xg/cm?) is equal to one third of iron and
copperdensity [20] It has other important properties, including (high rust resistance,
fire resistance, and corrosion resistavekichis deemed to bEco-friendly. A strip for
composite panel of aluminum which displays the component layers is shown in Fig. 8
[21].
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Low density polythene (LDPE) interlayer without Characteristic:
High intensity antirust aluminum # Strong peelingesistance.
) A High resistanceweather

PVDF primer A Easy to process and Lightweight
PVDF face A Excellent properties for fireesistance.

; A Equality coating.
PVDF |I'ght A Assorted colors.
Protective A Easycleanfor maintenance

A Resistance to effects.

Application:
A Exteriorarchitecturecladding
A Interior designs

Anticorrosiveprimer A Advertisingsignage
High intensityanti-rustaluminum

Fig. 8. Strip of aluminum composite panel and its component Id2éts

6.4 Application Nano Materials in Building Envelopes
6.4.1 Ecological nanomaterial

AOff the Grido initiative design offer
of clean water, as well as global warming and environmental pollutiondd3eziption
of Philips sustainable habitat project that establishé&thina is illustrated iTable 3.
Table3. Off thegrid: Philips sustainabldabitat2020-China[22, 23].

Project Off the grid: Philips sustainablénabitat2020-China

Architect Phi | DepignBrabes

Location China.

Date Proposak020

Style/ Type ProposakkyscraperAdaptive and Intelligent Nano Architecture

Nan o ma tused NanoSensor§ Nanoenvelopgalive skin)
Emissions of C@ Zero carboremissions
Location (the effect on ecosystem)Vater (rain water collection

Achievement collection Humidity) Environment (COabsorb)- Energy (wind-
sustainability solar - biogas)- Materials (Nano envelope) Recycling waste (
(LEED points) water grey Bio- and human wasteNo energy consumption senso!

internal (fresh air daylight)

Eco-systems can also halpformulaing strategies for a sustainable urban future,
in which an example of a sustainabt®-systemwith the envelope imract strategy are
shown in Fig 9. Table 4 discusses the inclusion of inert materials of electronits a

biochemical functionalities (Nano sensors) in the built environment.

e
e

‘#

Fig. 9. Membranes used the envelope of the bU|Id|rtg carry water, air and Ilgr|j22]
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Table4. Interactivenanosensorsustainableskin featureg23].
Features Key Potential Factors

AThe active envelope response to rain, and
collecting rain water.

AAttracting humidity from the rain, and the
exterior absorbs water even dry times.

AWater is employed in a closed loop and
freshwater is optimized.

Water

AThe active building envelope response to
wind.
ADirect wind and air across the envelope,
Air produce energy and purify the indoor air
provide clean air.
AAir cooled, compressed and dissipated i
natural air conditioning cones.
AThe active envelope response to sun rays,
then automatically moves to the building to dir
) light and produce energy. :
Light AThe natural light collection and channeling, §
electricity will be not required for lighting
throughout the day.

The innovative envelop
functions as a membrane f

8 . . .. » Energy Efficiency.

S o carries in al, light and wate » Efficiency of thelnternal
5 from outside. As the Environment.

S & membrane is moving arour & Material and Recourse.
50 in the better possible Water Efficiency.

DG_) to be in the be P » Site Sustainability.

produce as much energy. » Smart Technology.

6.4.2 Biological nanomaterial

The Nano VentSkin (NVS projectsummarized in Table Bcludes different
types of micreorganisms thatvork together to consume and convert natural energy
from the environmentThe skin consumes two of the most abundant natural energy
sources on earth: sunlight and wind. The advantages of the absorption wb@Q@ir
are shown in FigQand Table 6.

It is to be noted thatamomaterials assist in achieving environmentally friendly
buildings by applying nanomaterials to conventional (structural orstroctural)
materials according to the following points (sellkaning external surfaces and thus

reduce lhe cost of maintenance after operation, as well as in the treatment of cracks and
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consequently prolong life span, and achieved energy savings in buildingss3. also

achieved interaction with nature to obtain responsive and interactive buildings.

Table 5. Nanoventskin of micrewind turbined 23].

EX Nano veniskin of micrewind turbines

Architect DesignerAgustin Otegui

Site Mexico

Date Proposal 2010

Type NanaNano Architecture / Bioengineering

Nano materials applied Photovoltaic envelope, Naifitber, and solar Nano technology
EmissiongCO, Strategy is to achieve null emissions

Performance Energy saving (wind solar- storage units) Atmosphere CO.

absorption) material (Nano bi@rganisms CO, emissions} internal
(Natural illumination)

S ; 1
oy u \ |
» |
v' v‘Q A | :
" P R
@ 22 3
. g r N

Fig. 10. Nanoventskin (NVS) [23].

Table.6. Features ohanoventskin (NVS) [23].
Scale To check the wind turbines and do changes that could improve the desuagle
Model model was created. Every wind turbine is 10.8 mm wide and is 25 mm tall.
Supply Each panel is equipped with Four round distribution units (one at each corner).
Units and groups are responsible for: supplying fuel for regeneratiaaioaged or disable
Storage turbines, and then collecting and storing the energy supplied by turbines.

(LEED metrics)

The ideal result on energy. If the = Energy Efficiency.
wind direction changes, each = Efficiency of the Interna)

Studying hine adjusts, depending on tt  Environment.
Wind tuati b tating in th . Material and Recourse.
Contact  Sttuation, by rotating in the ' Water Efficiency.

clockwiseor anticlockwise = Site Sustainability.
direction. = Smart Technology.

7. DEDUCTIVE APPROACH
7.1 Nanomaterial Evaluation Points

What has been drawn from the theoretical and analytical part is that
nanomaterials play an active role on building envelopes. Therefore, several evaluation

pointsareanalyzed in Table 7 in order to determine the extent to which the proportions
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of these pmts are acteved in the building envelopeloreover,how they are applied

to nanomaterials, through the following: economic standards, energy saving,
maintenance, seflfleaning, functional standards, aesthetic standards, life span, fire
resistance, andeliing ecefriendly. Adding to the full utilization of nanomaterials in
architecture, applying nanomaterials to building envelopes can help in achieving the
aesthetic and visual aspects, as they are one of the most important elements affecting
bothquality and efficiency of buildings

Table7. Evaluationpointsfor nanomaterials

Economic w o Parameters Performance o o
Norms e E Studied Consideraton 2 £

& = < ()
c o) e s 29 I= £ = s o
Se £ 8 2z 2 3 o = 8 g 8 5 & O
© E F S ®We ¢ ®W F 9 - & £ WS E ¢ ¢ £
=9 » ¢ WS © 5 w T S &8 € g 2@ £ 8 g
< > & o©& 2 2 £ 4,8 ¢ E 5 5E = ® E ©
i © £ 29 3 28 - 28 5 o 5 £2 F S & 9
d © Y O 5 [©) c £ < Fg 0 E T &

c = c 0 < m o] @ © = 2 = ()

L o w £ z Z = n

2
Evaluation metrics

Metrics Very Good Good Weak Not Available $
Code 10% ® 7.5% w 5% ® zero O S
—

Rating 10 10 75 5 5 75 5 5 10 5 5 10 5 10
Number ofcriteria: 14 criteria

7.2 Analytical Case Study

The analytical study aims to shed light on the role of nanotechnology, so two
buildings under study have been seleadte€airo. One is under construction and the
other is a virtual building, where the purpose is to apply hanomaterials to each one of
them besidestudyng the impact othesenanomaterials on building envelopes. As well
as that, the two buildings will lessessed through the proposed evaluation points, along
with to which extent they respond to nanomaterials and their interaction with the
environment Also, to which extent they affect the reduction of maintenance and the
prolongation of the life obuilding, and the role of nanomaterials in saving costs during
operation.

7.2.1 CaseStudy 1. Eastown District, New Cairo (EDNC) commercial project,
Egypt, Cairo, Mearaj city.

As long as over 3 of the construction work has been established, the current

Eastown District New Cairo commercial project in Egypt is on target to be released
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starting from next year. This is according to Magued Sherif, the managing director of
the projects developing cqrany acknowledged as SODIC development, one of Egypt
largest real estate developers, contributing to the-gnaving need for high quality
residential, commercial and retail propertiegshe North African countriesThe case
study specifications will belarified in Table 8.

Table8. Case study specifications
Eastown District New Cair(EDNC)

Project Title . .
commercial project.
Project main . . . .
consultant Sodic .design and engineering.
. Egypt, Mearaj City, Cairo Ring Roac
location Bldg. No: 2075 To 2078
Drawing title  Building 02- All floor plan.
Area 199144 m
Status Under construction
Type Office Building, B2
: : . AY Blip 1
Started in 2019, with completion e
Year B R

[T

Slatedfor 2021. : e
EDNC perspectivg24].

The EDNC commercigbroject is the commercial portion of Eastown, SODIC
mixed-use development on the same road directly adjacent to the American University
in Cairo (AUC), situated on route 90 brings 90,000n? of prime commercial and trade
space. Its trade space contains a total of nearly 22,290 built-up space including a
combination of highly creative ground floor and singtery buildings. Some of Cairo
optimum restaurants, entertainment concepts asilidn brands will be located in this
location, along avibrant walkway with access to a beautiful 13,634 park with an
amphitheater.

The improvements also involve approximately 63,08@fibuilt-up area, which
comprises office complex constructed witfstorey cantilevered buildings. As shown
in Fig. 11 a sustainably developed with facades of Ipginfformance curtain wall
doubleglazing with highquality precast concrete insulated panels to promote a healthy
productive environment with a reduced envim@mtal impact. On a glass base
intersected by geometric eauts. Table 9 identifies the material used and the proposed

Nanomaterial in project EDNC.
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Fig. 11. Buildings facades featuring higierformance curtain wall.

Table9. Materiab used and the proposednomaterialspplied in EDNC.

No. Material used Proposed Nanomaterial Applied
Vision Panel: 24mm THK (@.2-6) ) .
double TEMPERED GLASS Curtain  Nano panel: Nano Glass coatiggl*

01 wall, clear inside, reflective outside, on gclaeaarnilr?sgilo_lgturz;lsgf\g iﬂ?;ggzrr?ot
thermal break silver anodized satin fini alumi ' . I d s | .
aluminumsections, (Darllue), uminumcomposite panel and its layer:
Spandrel Panel: 6mm THK tempered ) .
glass (external pane) insulated spandr (I\;lg;?,ﬁ] arl]_(?)lfuli?g?fg? Siﬁszcl)sgég (S;‘;r(]alf

02 panel, with color coating, on thermal h Igb K sil ’ dized " finic
break silver anodized satin finish t Ie”‘f'a reax silver anodized satin finis
aluminumsections, (DariBlue). aluminum sections.

Vision Panel: 24mm THK (@.2-6) Nano Panel: 24mm THK {62-6) double
double tempered glass curtain wall, cle tempered Nano glass curtain wall, Anti

03  both sides, on thermal breaitver Reflective Coating, on thermal break
anodized satin finish aluminum section silver anodized satin finish aluminum
(Light Blue). sections
Spandrel Panel: 6mm THK tenmee :
glass (external panel) insulated spandt CN:EZ?]Eatgig?r;fg?%sﬁggiein

04  panel, with color coating, on thermal h I% K sil ’ dizedti g h
break silver anodized satin finish tle”‘?a reak silver anodizedts finis
aluminumsections, (LighBlue). aluminum sections.

Precashano concrete louverddded to

05 Precast Concrete Louvers, (Light Grey it self-healing concrete and titanium

dioxide (TiOy).

06 PoweredCoated Aluminum Louvers,  Powder Coated Aluminum Louvers, witl
(Dark Color). Poly Vinylidene Di-fluoride (PVDF).

. . Aluminum Composite PaneAdded to it

07 Aluminum Composite Panel, (Dark Poly Vinylidene Di-fluoride material

Color).

(PVDP).

The proposed nanomaterials affected the building envelope, resulting in energy

savings,which could improvethe buildings efficiency and qualityn addition to

obtaining the aesthetic and functional elements. This is shown in Table 10.
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Table10. Performing nanomaterials on the EDNC project.

" Case  Economic =, Parameters Performance « .2

L2 c study Norms £ E studies  consideraton 2 @ ¢
D O S & < © c = T E o
E B _ 28 o2 2 82 % 835 _8 s 3 8
c £ S5 £8 ¢ 8 33 2 &£ g E 55 E
32 = L 88 co & < Q e T o I c &8 &
= v © B c = © o @ T = £ 2 = Q
T o 0o © 2 a6 8§H € 8 £ 8 ¢ £ 5 SE = g E ©
S E ¥ S JE o2y © 4 2@ 2 s 286 » S5 6 ©
3 £ E DL Og @ < S 0 @ - £& ®© £ o
g 2 o o 8 £33 g 7 8 c S S Fg O E 3

w > > c £ [} 6 L c < Zz = o N o

m T w n E z
Style V o 0 = ® ® « © O 060 ® o ® @ 92.5%

A Performance resultsafter applying nanomateriaif was found that itcan help
simulatechangingclimate factors, completely treat thermal conditions and humidity,
save energy, and reduce operating costs. The EDNC project reflects the achieveme
of measurement points in relation to thelding performancebesideghe building
energy saving has enhanced pineject metricdo a rate of up to 92.5 %, illustrating
the need to use nanomaterials in Egypt for their positive effect on the building and
the great interaction with nature. This is shown in Table 11.

Tablell Themain factors affecting cost recovery of nano coatings and the
conventional cating in project.

Main Factors ConventionalCoating Nanocoating
Value of money Constant Factor
Labor .
Finishing Time Fixed Factor
Initial Cost 50% 80%
RunningCost Higher30% Less30%-40%
Maintenance Each7- 10year. Eachl5- 25year

. . Erosionof the building over Preservingouilding paints
Building quality time. extendthelife span
EnergyConservation 20-30% Up to 80%

7.2.2 CaseStudy 2: Vincent callebaut designs sustainable mixedse complexfor
Cairo, Egypt

The French company Vincent Callebaut Architectures (VCA) has unveiled a new
multi-use complex for Nasr City in Cairo. The building was built to receive standing
LEED Gold Plus featuringa ®lar roof, green terraces, sky villagertical system of

gardensand solar heating pipeshe case study specificatioare listedn Table 12.
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Tablel12. Cas&tudyspemflcatlons

Project THE GATE RESIDENCE
Location Heliopolis District, CairgEgypt
Architects Vincent Callebaut Architectures
Local Architect K&A Design, Injaz Development
1 Apartmen ffi n
Surface Area 450000z
Budget EGP 4,5 bn.
Current Phase Schematic Design / Building Permit

Abraj Misr, Cairo, EgyptUrban

Client
Development
Agnes Martin, Jiaoyang Huang,
VCA's Team Fabrice Zaini, Maguy Delrieu,
Vincent Callebaut
Green Certification LEED Gold Plus
Year Started !n March 2015, with o
completion slated for 2019 Gateresidencd25].

The residential levels are wrapped by layers @6 Nano glass and polished
white stone, accompanied in the courtyard by suspended balconies widiffevent
facades on the commercial floos.Voronoi panel is inspired by the architecture of
coral reefs. It points to the patio areas and the inner street between the offices and
housing. This panel offers additional protection for the climbing planggdw along

its foundation. The materials used in building envelopes can be seenl2.Fig.

Fig. 12. Materials used in bundlng envelopes]2

The architects designed timeega trees structural to serve as passive cooling
systemsinspired by the wind catching tower technology, Nano vent skin, or
AMal gaf , 0 or i g medaval Caro8irawtandowsly, eliotovoltaic cells
can cover the solar roof to generate most of the energy required for the building. This is
shown inTable 13.
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Table13. Performance nanomaterial after applying it on project

* Case  Economic I Parameters Performance « 2
L2 c study Norms g E studies  consideration £ E X
+ = = o]
) ) c = )
S = 28 o 2 2 55 £ = ' 0] S o ©
c2 TS5 £5 08 8¢ 2 88E gS e ce& g
22 s £ 8c 5288 5 95,5 8E€ EE 2@ 2 & 8
cp ¢ 252805535 egd o2 35 S5 5
T S 5 238 Qv o S 3= 2 22 £t 8 E Lt 0
S = g o g L2 < 7 T §8<5 g0 59
w > > C L O < > =2 o

@ T w n J s
Style V @ @ ©® v ® v O w 060 w o ® ® 9%

This project applied nanomaterials, which Isaip simulate changing climate
factors, fully treat temperature and humidity conditions, save energy and interact with
reduced operating costs. This has resulted in energy saving in builth@gs=ds and
specifications of the project by up to 90%, which illustrates the necessity for the use of

nanomaterials in Egypt.

8. IMPACT OF NANOMATERIALS ON BUILDING ENVELOPES

The impact of nanotechnology on the two buildings under study is analyzed and
evaluated in Table 14. providesmany technologies in every building, including

economically saving for the following: energy, maintenance-de#ning, and life

span.
Table14. Evaluationof the casestudiesappliedto nanomaterials
Case Economic " Parameters Performance o L
@ study Norms & E studies  consideraton £ B
2 5 5 S ¢ = S = 2 E 9
E B _ 28 »n_Z 2 g5 ¥ 23 Y s 3 B
c ¢ 8 S5 £8 e 8 93 L2 oc g5 & g ¢ £
6 2 = £ @888 o 8 < o} E & o 8 5 O© & §
T > 8BS g 2 8 LZeees EES §E 8
S £E S BEC, B 2 228505 887 58 9
c O =@ 2% @ 5 o c S ¢ 5 A E Tt 0
o S S 8e B85 < 2 8 85 & a8
@ T W w3 g 2 “
Casel V " ) ® ® w © O e O @ v @© 92.5%
Case2 V o @ @ v © w O e 0 © v @ o @® 90%

Nanotechnology has a great influence in the two case studies. According to the
evaluation points and the natural effect of nanotechnology materials that have been
applied to the building envelopes, it can be concluded that (EDNC) project priogide t
best features compared to the other projecs. seen that bydding nanomaterials to

the envelopes of existing buildings in Egypt, it has raised the efficiency of buildings,
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improve their quality and adaptation to changing climatic factors. In addit its
ability to save energy and fulfill the requirements of the building itself, thus achieving
buildings that mimic the environment and provides a unique appearance to improve the

architecture.

9. CONCLUSIONS
Based on the above observations, we havadmut that nanotechnology works

to improvebuilding envelopes. Since materials with special properties tend to change
the general concept of using building materis¢ésne of the benefits of nanotechnology
are as follows:
A. Improving the properties of construction materials.
B. Nano technique allows thedade to be selfleanedthus reduces maintenance costs
and uses more environmentally friendly materials.
C. In nanotechnology, measurement points have been defined to assesgrte of
Efficiency of buildings. Furthermore, in terms of economics, in particular, the initial
cost of using materials in buildings would be comparatively large because of their
unavailability, thereby increasing the economic cost by 80%. In the mreanti
running costs are lowered by 30% due to a decrease in repairs, energy savings and
building life.
Finall YL omplalre s toneis bpilt by ppplging sanomaterials
while the other is built by using different materials. It is worth notichedt he EDNC
Building has saved energy by applying na
buil di ngé hh@fs esmergyc| euasniinngg snealnfo gl ass cut
out suUrluisght. he necessary degdeanadofthiher mg

i n energy savings ddeough in the sout hern
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