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ABSTRACT:
Contemporary architecture has been deeply influenced by the urgent
need for reducing harmful emissions in the atmosphere. The building sector
constitutes in fact, one of the most energy consuming sectors of the world
economy. Sustainable building is often directed at energy-efficient use of fossil
fuels and the generation of renewable energy through technical appliances.
From this perception, the building needs to be fine-tuned to its environs
and interact intelligently with local characteristics such as climate, type of soil
and surroundings. This interaction is most logically performed by the building
skin: the roof, the ground floor and the façade (mainly for a response to desired
or undesired climatic conditions) where in changeable climates the use of
building mass or the thermally constant subsoil is an effective means to smooth
big temperature differences
We present the role of building facades and particularly ‘Smart Skin’ as
an innovative solution that makes buildings sustainable to different conditions
and responsive to different environmental needs; this will be achieved by
considering some sub objectives: firstly, bringing up the main principles and
design parameters of building facades, secondly, identifying sustainable building
façade features and then role in buildings’ energy performance and finally,
analyzing three case studies in different regions with different climates (hot,
humidity, tropical climates) of office buildings that deal with technological and
environmental aspects in sustainable building skins and its role in fulfilling three
of environmental demands: ventilation, shading and energy conservation.
This paper is studying the main objectives for an efficient sustainable
building façade taking into account the environmental sustainability aspect,
where it has introduced the main principles for developing building façade
concept and the governor concepts for this development for forming sustainable
building skins, also it is focusing on the different façade techniques in terms of
natural ventilation, shading techniques and energy conservation and its role in
enhancing the internal environment.
Conference Topic: Building Sustainability
Keywords: Building Sustainability, Building
Facades, Energy, Efficiency
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1. INTRODUCTION
In the recent years, contemporary architecture has been deeply influenced by the urgent
need for reducing harmful emissions in the atmosphere. The building sector constitutes in fact
one of the most energy consuming sectors of the world economy. However, buildings are also
potential and powerful agents able to carry out with effectiveness and in relatively rapid
time’s actions to minimize emissions, through the drastic reduction of their energy
consumption. Monitoring the building life-span throughout the whole year is one of the most
interesting aspects that could challenge contemporary approaches if conditions of change and
variability are reflected in a continuous refinement of the design.
With regard to energy consumption, sustainable building is often directed at energyefficient use of fossil fuels and the generation of renewable energy through technical
appliances. These measures may be considered adjustments to a furthermore traditional way
of building, ignoring the fact that the building itself can be innovated to an intelligent,
responsive or even proactive device.
From this perception building is to be fine-tuned to its environs and interact intelligently
with local characteristics such as climate, type of soil and surroundings (Dobbelsteen &
Linden, 2007). This interaction is most logically performed by the building skin: the roof
(mainly for the generation of energy in whichever form), the ground floor (for the exploitation
of the soil) and the façade (mainly for a response to desired or undesired climatic conditions)
where in changeable climates the use of building mass or the thermally constant subsoil is an
effective means to smooth big temperature differences. In this paper, we present the role of
building facades and particularly ‘Smart Skin’ (Compagno, 1999) as an innovative solution
that makes buildings sustainable to different conditions and responsive to different
environmental needs; this will be achieved by considering some sub targets: firstly, bringing
up the main principles and design parameters of building facades, secondly, identifying
sustainable building façade features and its role in buildings’ energy performance and finally,
analyzing three case studies in different regions with different climates (hot, humidity,
tropical climates) of office buildings that deal with technological and environmental aspects
in sustainable building skins and its role in fulfilling three of environmental demands:
ventilation, shading and energy conservation.

2. Energy Conservation
The idea of sustainable building uses a very little energy and depends mainly on renewable
energy resources in cooling, ventilation, and lighting processes. In addition there are passive
cooling systems which is considered the most efficient way in conserving energy where is
targets to make use of available technologies to cool building naturally without the need of
power energy and it’s mainly based on five main natural processes: radiation, evaporation,
ventilation, shading, and insulation (Francis Allard, 1999). So, this paper focuses on two of
these techniques: ventilation and shading and how building skins deal with it to create a low
energy profile which is a major goal for designing sustainable buildings that produce energy
more than it consumes. Clearer and efficient technologies are required to further develop and
expand the role of alternative energy sources. (Conservation and efficiency, 2008)
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That is why it is important for architects to consider some issues for energy-efficient and
sustainable design from the moment the decision is made to construct a building until the
building usage. Since buildings’ façades are considered one of the major components in
buildings industry where façade is considered the face of the building and its direct contact to
the outer environment; energy efficiency aspects need to be considered in buildings’ facades
technologies.
The building envelope or skin comprises the outer elements of a building, including the
foundation, walls, roof, windows, doors and floors (ASHRAE, 1999a). This envelope like the
skin of a human body is called upon to perform a multitude of simultaneous functions in a
relatively thin dimension. These can be divided into energy related and non-energy related
functions. In Addition to energy efficiency in its role as a building facade, the building
envelope often communicates important cultural and social information such as a sense of
grandeur or permanence.
3. Building Façade
There are several studies investigating building skin, building envelope and building
facades where they are different terms used to label the exterior elements of a building.
Powler and Kelbaugh (1990) defined a "building envelope" to be any surface that separates
the thermally conditioned interior of a building from its environment. According to this
definition, building envelope includes roofs, exterior walls, and floors, ceiling slabs and
foundation walls and each play an immense role in building sustainability and how buildings
respond to different requirements.
In order to determine building requirements, the American Society of Heating,
Refrigerating and Air-Conditioning Engineers (ASHRAE) classified the building envelope
into two parts: the exterior plus the semi-exterior portions of a building. These classifications
are defined as:
"The Building envelope, exterior is defined as: the elements of a building that separate
conditioned spaces from the exterior. Building envelope, semi-exterior defined as: the
elements of a building that separate conditioned space from unconditioned space or that
enclose semi-heated spaces through which thermal energy may be transferred to or from the
exterior, or to or from unconditioned spaces, or to or from conditioned spaces"(Stein and
Reynolds, 2000). With the emerge of technology and the rush into saving the planet building
aspects started to develop and new aspects have emerged such as intelligent facades which
interact intelligently with the external environmental through the integration of different
technologies such as sensors and automation system, responsive facades which responds to
the environmental demands through passive technologies to make use of natural energy
resource for example wind turbines and solar panels, sustainable skins that fulfill buildings
environmental demands through integrating both passive and active together and interactive
facades that changed the perception of building façade from static to dynamic as a response to
the outer environment; all of these aspects affected on the concept of building envelope and
how it’s related to buildings interaction to users and environment demands and this will be
discussed briefly in the following section.
3.1 Intelligent facades
In the recent two decades, the concept of the "intelligent building" has emerged. The term
intelligent building was employed as early as the 1980s. Since then several definitions for the
term have surfaced. Wigginton and Harris (2002) stated thirty-four definitions of "intelligent
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buildings" and thirteen definitions of "intelligent skin/ facade" and it can be combined into
one simplified definition according to Wigginton and Harris; where Intelligent facade is
defined as “A facade incorporating variable technology, which would amend itself to provide
comfort conditions inside the building whatever the external environmental conditions, might
be, in any particular building location” (Wigginton and Harris, 2002).
3.2 Climate responsive facades
As it was discussed previously building façade terms started to develop when the need of
understanding the climatic elements and the elements of heat exchange between human and
their thermal environment, has gained priority in the research agenda. Thermal comfort
became the main concern of many researchers, such as Fanger (2001), who started to develop
new aspects in terms of building facades.
Controlled experiments were the main method used to produce single scales that combine
the effects of the four environmental factors (air temperature, humidity, radiation, and air
movement) on the human body's heat dissipation process where buildings skin is similar in its
function to human skin.
With modern science and technology, the role of facades shifted from shielding inhabitants
from the exterior environment. They are expected to be waterproof and water-vapor resistant,
to provide thermal comfort and good interior air quality, and to control the transmission of
ambient noise and the fragile human "comfort zone" inside. The facade's new function is as
"environmental filter” (Houghton, 1998)
3.3 Energy conscious façade
The conscious for energy conservation started to emerge when the price the world had to
pay for ignoring environmental forces was enormous, where a lesson had to be learnt.
Building envelopes were called upon to perform a multitude of simultaneous functions, in a
relatively thin dimension. These functions can be divided into energy related and non-energy
related and new trends in building façade started to emerge as mentioned previously.
One of these trends is energy conscious facades where the envelope has construction
functions that are strength and rigidity, stability and durability, control of heat, air and
moisture vapor flows, control of liquid water movement cost-effectiveness and fire resistance.
The envelope is responsible for the building energy performance.
Wigginton and Harris (2002) identified seven related functions that address the influence
of envelope on building energy performance , these functions are performing as a thermal
valve; a radiant filter; an air infiltration barrier; a moisture membrane; an energy collection or
distribution device; a thermal, electrical, or chemical store and as a dynamic filter which are
as follows:
1. Function as a thermal valve: the building envelope, through its thermal resistance
(R value) regulates the flow of thermal energy from the interior to the exterior
environment (or vice versa).
2. Function as a radiant filter: the envelope transmits, absorbs or reflects radiant
energy.
4
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3. Function as air infiltration barrier: the envelope breathes by allowing exterior air to
seep through cracks and openings or by intentionally introducing air through vents
and fans. The design of the envelope is one of the principal factors that determine
the level of air infiltration into a building. The envelope also acts as a barrier to
airborne substances, such as pollutants and odors.
4. Function as a moisture membrane: the envelope controls moisture content within
the building.
5. Function as energy collection or distribution device: many solar thermal systems
collect radiant energy at the building envelope to enhance the building's thermal
performance.
6. Function as a thermal, electrical, or chemical store: the building envelope can store
energy. For example by using mass walls, the skin is utilized to provide thermal
capacity in which heat can be stored for later use.
7. Function as a dynamic filter: buildings envelopes have been able to change their
faces in the past using shutters, awnings and other movable devices.(Wigginton
and Harris 2002)
In general there have been arguments about these seven features but they vary according to
the climatic conditions and building requirements where the interaction between external
climatic conditions and the performance of the building organism, with a higher interplay
between the envelope, building services and environmental context is considered the governor
aspect for these features.
Consequently, the challenge here is to design an envelope with dynamic behavior that
reacts to the outside stimuli and selects entering energy flows according to the local climatic
context (external temperature, solar radiation, wind speed and direction, etc ), to seasonal
changes, to outside changing conditions and inside comfort requirements.

4. Sustainable Building Skins
After that the building envelope started to gain new role that goes beyond the protective
function of a fix boundary. Conceiving the overall energy behavior of a building as a system
capable of mutation gives rise to new concepts for an ‘intelligent’ skinning where building
skin plays a key role in the planning of buildings with optimized energy use and room climate
(Lars H.Ringvold, 2004).
The idea of sustainable skins developed through times starting from double skin facades up
to responsive kinetic skins where a very elaborate innovation in building components,
regarding especially glass, shading and insulation systems takes place to gain the “passive”
capacity of the building to modulate climatic variations. A sustainable building thus derives
by a sophisticated synthesis between design passive criteria and technological development of
materials and building elements all under the umbrella of sustainable building skins.
4.1 Double Skin Facades
Double skin facades are not a new approach for sustainable building skins, it actually
passed through different stages from the beginning of the 20th century where double skin
facades considered engineering solution passing over the Second World War during the 40’s,
the modern glass architecture was developed where the US was the main direction of this
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development. Then during the energy crisis in the 70th the designers’ main direction of
thinking was how to reduce energy consumption of the buildings (Lars H.Ringvold, 2004).
This fact created the ability for developing the conventional curtain walls so it will works
against energy loss and sun reflection through using double glazing walls and this where the
idea of double skin facades started to develop until in the 90’s the idea of double skin façade
was widely used all over the world in commercial buildings with increasing the
environmental concerns. (BBRI, 2002)
4.1.1 Double Skin façade performance
Before addressing the performance of double skin façade, it is necessary to mention that
double skin façade construction consists of: outer glazed façade to provide weather protection
and sound insulation, intermediate space (air cavity) which is used to protect thermal impacts
on the interior façade by presence of shading louvers and interior façade (Belgian Building
Research Institute, 2005). The concept of double skin façade performance differentiates
through the year where the performance of double skin façade in summer differing from
winter where:
Summer Performance
In very hot summer in particular hot arid climates, heat inside a building is mainly
produced by the penetration of the sun through transparent surface, in double skin facades
when solar radiation is high, blinds within the cavity provide excellent solar control protecting
the air inside the cavity from exterior environmental conditions. This can only cool the air
inside the cavity by several degrees lower than the actual external temperature (Gratia, E., and
De Herde, A., 2004). Moreover, the cavity has to be well ventilated to prevent internal
overheating (figure 1).

Figure 1: Idea of ventilation through the façade cavity in summer
Source: (http://www.battlemccarthy.com/Double%20skin%Website?analysis/doubleskinanalysis.htm)

Winter Performance
Beside the ability of double skin façade for natural ventilation in hot arids; it could make
use of solar rays in winter also. In contrast with summer, it would prefer to prevent solar rays
from entering interior spaces, while in winter opposite process is happened, allowing the solar
heat to enter the building and remain inside. The air located in the cavity between the two
glass skins is heated by solar rays in case of closing the outer openings; this leads to heat the
air in the cavity to enter
interior spaces (Gratia, E., and
De Herde, A., 2004). (Figure
2)

6

The role of intelligent façades in energy conservation

4.1.2 Advantages and disadvantages of Double skin façade
Figure façade
2: Winter
in double
façade
Although double skins
is Performance
considered one
greatskin
technology
in the field of building
Source: (http://www.battlemccarthy.com/Double%20skin%Website?analysis/doubleskinanalysis.htm)

sustainability, it’s, like any other methods, has advantages and disadvantages which Harris
Poirzais has addressed them as follows:
Double skin façade advantages

Double skin façade disadvantages

Better acoustic insulation and improve noise Need higher construction costs compared to
protection.
conventional facades.
Reduce the cooling and heating loads.

Decrease fire protection.

Provide thermal insulation.

Reduction of building useful spaces.

Provide transparency.

Need additional maintenance and operational
costs.

Low U-Value (thermal transmission) and g- Overheating problems if not properly
value (Solar heat gain coefficient).
designed.
Low Construction costs.

Increasing air flow velocity.

Reduction of the wind pressure effects. Increasing construction weight. (Harris
(Harris Poirzais, 2004)
Poirzais, 2008)

5. Interactive Facades
Within the rush of various technologies into the field of architecture new aspects has
emerged into the idea of building façade and how it respond to the environment where more
complicated design approaches and technologies have been introduced to the building facades
using new high-performance glazing, improved shading and solar control systems, and greater
use of automate controls. These technologies are known as interactive facades which should
respond intelligently and reliably to the changing outdoor conditions and internal performance
needs where it will exploit available natural energies for lighting, heating and ventilation and
be able to provide energy savings compared to conventional technologies, and at the same
time maintain optimal thermal comfort conditions. As photovoltaic costs may decrease in the
future, these onsite power systems will be integrated within the glass skin and these facades
will become local, non-polluting energy suppliers to the building. (Stephen Selkowitz, Yvind
Aschehoug, Eleanor S.Lee, 2004)
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There are so many technologies of interactive facades; the next section will explain briefly
two of these facades as an approach that should be studied in the future. These two facades
are Nano vent-skin façade and Environmental responsive kinetic façade.
5.1 Nano Vent-Skin façade
Nano vent-skin is a conceptual personal project by Agustin Otegui aimed to trigger new
approaches into greener and more energy efficient structures. A skin that transforms two of
the most abundant sources of green energy on earth: Sunlight and Wind (figure 3)
The concept takes advantage of a structure’s maximum available surface space (Augstin
Dtegui, accessed 2010). Plus, the stunning superstructure incorporates micro-organisms to
soak up CO2 where Nano-structure components and working ideas are shown as follows:



Outer skin of the structure that absorbs sunlight through an organic photovoltaic skin
and transfer it to the Nano-fibers inside the Nano wires which then is sent to storage
units at the end of each panel.
Wind turbines on the panel that generate energy by chemical reactions on each end
where it makes contact with the structure. Polarized organisms are responsible for this
process on every turbine’s turn. (Figure 5)

Figure 3: Nano Vent Skin wind turbine contact study
Source: (http://nanoventskin.blogspot.com)



Inner skin of each turbine works as a filter absorbing CO2 from the environment as wind
passes through it. (Augstin Dtegui, accessed 2010)



In order to achieve the best outcome of energy, the blades of each turbine are
symmetrically designed where this feature, even if the wind’s direction changes, each turbine
adapts itself by rotating clockwise or anti-clockwise, depending on the situation.
5.2 Environmental responsive kinetic façade
This new technology in building skins consist of a hinged glass pane and spandrel panel
laminated with photovoltaic cells where magnetic control switch, actuators, and thermal
sensor are capable of the movement of the façade based on data received from the thermal
sensor, also weather sensors on the façade respond to changes of wind, temperature and light
conditions (figure 4).
8
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Figure 4: Structural details of environmental responsive kinetic façade
(http://www.core.form-ula.com/2009/04/15/som-sci-arc-on-cfresponsive-kinetic-facade)

By experimental study, it is found that even a small six degree angular shift of the façade
can result in a twenty-five percent reduction in the amount of solar heat gain inside the
building. (Vittorio Giorgini, accessed 2010) This new façade technology is the outcome of
extensive study to reach the optimum use of technology and make use of it to fulfill
environmental requirements.
A) Façade design objectives
There are two primary concerns were targeted within this façade technology. First is the
humanistic value: to maintain an optimal thermal comfort level for inhabitants within the
building taking into account the external variable environmental behaviors. The second
concern s the efficient and intelligent perform; where kinetic façade system will absorb
energy that is received by the façade as well as consume it in the façade movement. (Vittorio
Giorgini, accessed 2010)
B) Façade performance
The external skin of the façade will react to thermal conditions; the exterior skin opens and
closes in order to regulate the temperature of the entire building in winter and summer months
(figure 5) while the secondary ventilation on the interior skin gives local control to the
temperature of each space where users of the building will be able to manually operate
secondary ventilation and shading systems for the internal skin.
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Figure 5: Kinetic façade response in summer month (left hand side) and winter (right hand side)
Source:(http://www.core.form-ula.com/2009/04/15/som-sci-arc-on-cfresponsive-kinetic-facade)

6. Case Study
The previous analysis for the development of building façade technologies and how
energy-efficient building facades of all types have developed through out the world in
response to the demands of climate and local conditions has proven that the role of a façade
with respect to energy and indoor climate is to bring indoor requirements into harmony to the
greatest possible extent with the dynamically changing conditions outdoors.
The better a façade perform this task, the smaller is the cost of the building services
technology and energy required and how it can reduce the cooling loads, carbon emissions
and global warming in addition to decreasing the mechanical ventilation systems and
minimizing the energy and maintenance costs.
The following section will illustrate the efficiency of building facades as a way to decrease
the energy consumption, eliminate greenhouse gas emissions, and enhance the indoor
environmental quality through presentation of three modern large scale sustainable office
buildings as case studies taking in consideration three main aspects: Ventilation, Shading and
energy conservation.
6.1 Council House 2 CH2, Melbourne, Australia
CH2 is Located in Melbourne, Australia, it was constructed under the supervision of City of
Melbourne, it was designed by Design Inc Melbourne in the period from 2004 to 2006 and it
10

The role of intelligent façades in energy conservation

has been the recipient of a range of awards in Environmental Planning or conservation:
National award for planning excellence 2007 (Planning institute of Australia), Sustainable
Design: Global Innovator’s Awards 2007 (CoreNet Global), Greenhouse Expenditure Award:
Eco-Buy Awards 2006 (Green Building Award), World Environment Day Awards 2005
(United Nation Association). (City of Melbourne official website, accessed 2010) (Figure 6)

Figure 6: Exterior overview, Council House 2 (CH2) Melbourne
Source:(http://www.melbourne.vic.gov.au/AboutCouncil/MediaCentre/ImageGallery/Pages/CH2imagegallery
.aspx)

6.1.1 Overview on Climatic Conditions
Melbourne city is the capital of the state of Victoria in the southeastern part of Australia; its
climate is classified as temperature climate with warm to hot summers. However, the weather
in Melbourne is highly inconsistent, and sometimes is described are “four seasons in one day”
(City of Melbourne official website, accessed 2010). This variability in weather and
environmental conditions had been taken into consideration before designing the CH2
building.
6.1.2 Building Sustainability Strategies
The main and the most important consideration in any office building design in hot climate is
the cooling and ventilation requirements where heat load is generated from many sources:
people, lighting, computers and other equipments, and heat gain through windows or through
the fabric of the building (Scott Drake, 2007). CH2 office building cares about these issues
where it has perfect solutions to overcome the cooling problems in hot climate and energy
conservation through the presence of some technologies in building skin:
 Ventilation: High performance energy efficient façade.
 Shading techniques.
 Energy Conservation: Natural lighting, Energy generation, and green façade.
6.1.2.1 Ventilation: High performance energy efficient façade
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Window on the north and south façades are treated by some features to assist the interior
cooling process where they are considered as barriers to the internal heat gain into the
building in summer, while prevent heat loss from the interior in winter (Dominique Hes,
2004). The windows existing in this building have some features to assist the cooling process,
they are as follows:
 Double Glazing to protect the internal space from heat gain.
 Timber windows frames which are a low conductor of heat when compared with
aluminum, so it reduces heat gain to the interior.
 Each window has blinds in the upper and lowers part of the window, the blind can be
set at the optimum level up the windows to protect from the direct sun rays without
reducing the amount of natural light.
 External plants on the northern façade to full height of the building. These plants
provide both, protection from sun’s direct rays and help control glare by diffusing
light. (Figure 7)

Figure 7: Sketch for maximizing day light strategies on the north façade
Source: (http://www.melbourne.vic.gov.au/AboutCouncil/MediaCentre/ImageGallery/Pages/CH2imagegallery.aspx)



A splayed framing is connected to the windows to decrease the contract between the
very bright outside light and the internal dark wall. (Dominique Hes, 2004)

6.1.2.2 Shading Techniques
The western façade is shaded by shutters made of recycled timber; it protects the offices
from the afternoon sun while enabling views for the occupants and permits natural light to
enter the building where the shutters are opened when the sun is in the eastern or northern
sky, and are closed only when the sun is in the west. (City of Melbourne official website,
accessed 2010)
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6.1.2.3 Energy conservation: Natural lighting and Energy generation
The CH2 building target is to maximize the natural daylight penetration to the inside spaces
while reducing electrical lighting (figure 8) where efficient natural lighting is achieved
through the following issues:

Figure 8: plan of north façade and the use of natural light to reduce electricity
(http://www.melbourne.vic.gov.au/info.cfm?top=171&pa=1943&pg=1944)

A) Window location: The building windows s located in a way so that to take maximum
advantage of natural daylight. Moreover, windows on the north and the south facades are
lager on the lower floors than the upper ones as lower floors receive less daylight.
B) Glazing: the glazing is specified to have a visible light transmittance above 50%, with a
solar transmittance below 35% (C.K. Cheung, 2005)
C) Day lighting sensors: provided on the north and south facades; they can monitor the
amount f daylight coming in and adjust the artificial light required according to the amount of
natural light entering the space in addition to different sustainable features integrated in CH2 .
(Figure 9)
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Figure 9: Schematic for the energy efficient and sustainable features in CH2 building façade
(http://www.melbourne.vic.gov.au/info.cfm?top=171&pa=1943&pg=1944)

The previous sustainable strategies are working together to achieve energy efficient, comfort
and productive environment associated with the building façade technologies (figure 14) it is
expected the following benefits:
 Reduction of electricity consumption by 85%.
 CH2’s emissions will be 64 % lower.
 Reduction of air temperature in the interior space was reduced between 4 and 13
degrees Celsius.
Although how successful these various technologies but it may not be suitable for
developing country due to its cost but some of these technologies are suitable from cost
point of view such as shutter used in shading and planted facades.
6.2 Pearl River Tower, Guangzhou, China
Pearl River Tower is Located in Guangzhou, China , it was constructed under the supervision
of CNTC Guangzhou Tobacco Company, it was designed and constructed by Skidmore,
Owings & Merrill with partner Adrian Smith and Gordon Gill during the period from 20062010 and it has been awarded in 2008 for Green, CarbonLowering& Environmental Category: Gold Award (figure 10)
6.2.1 Overview on Climatic Conditions
Guangzhou is in southeastern China which has a hot and humid
with heavy rain climate with predictable prevailing north, south and
southwest winds. Summer season is long, wet, hot and humid; where
winter is mild, dry, and free of snow with average mean temperature.
(Roger E.Frechette, Russell Gilchrist, 2008) these climatic conditions
played an immense role in terms of different design and
sustainability integrated either on building scale or façade scale
which will be discussed in the following section.
Figure 10: Perspective view of Pearl River
Tower, Guangzhou, China
Source:(Roger E.Frechette, Russell Gilchrist, 2008)

6.2.2 Building Sustainability Strategies
The office tower integrate different sustainability strategies in terms of sustainability and
cooling techniques by a combination of passive cooling and ventilation strategies, and by
blocking direct solar radiation from entering the space by using high performance glass
double skin façade and energy efficient building form (Roger E.Frechette, Russell Gilchrist,
2008) through the presence of some sustainable strategies such as:



Ventilation: High performance energy efficient façade.
Shading techniques.
14
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Energy conservation: natural lighting and energy generation
6.2.2.1 Ventilation: High performance energy efficient façade

Pearl River tower integrate various technologies in building skin design as follows:
 Double glazed wall system: The north and south façade double layer curtain-wall
system offers insulation that reduces heat gain and leads to less demand on the HVAC
systems where it consists of a double glazed insulated unit with integral spandrel panel
as shown in figure 11.

Figure 11: North and south facades: supply and exhaustion of air
Source: (Michelle Wong, 2007)



Exterior gazing materials: exterior glazing is insulated, tempered glass with a low-E
coating; the inner layer is an operable clear glass panel on the building south face
(Roger E.Frechette, Russell Gilchrist, 2008) where low-emittance glass is coated with
a microscopically thin, virtually invisible, metal layer that reduces thermal
conductivity.



Triple-glazed facades: East and west facades are associated with external shades and
automated blinds within the façade’s cavity. A photovoltaic system is integrated into
the building’s external shading system and glass outer skin.
6.2.2.2 Shading Technique

As all facades of Pearl River tower are double glazed facades, then, shading blinds are
placed within their cavities where a motorized Venetian blind is in the east and west double
façade (figure 17). The blind position is determined by a photocell that tracks the sin position
and is connected to the building management system which activates the blind position to
ensure occupancy comfort from both solar gains and glare. (Roger E.Frechette, Russell
Gilchrist, 2008)
6.2.2.3 Energy Conservation
Pearl River tower is targeting to combine different energy conservation strategies that
could reduce the building’s energy use by nearly 65% over a baseline of Chinese building
codes (Preston Koerner, accessed 2010). To each goal a net zero energy, the building design
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incorporated three power-generating technologies integrated within building facades: wind
turbines, integrated photovoltaic and hydrogen fuel cells.
A) Wind turbine: The most innovative of Pearl River’s elements are the vertical axes
integrated wind turbines that are used for catching prevailing winds from the south
and the north with minimum loss where building’s east and west facades are flat while
the south façade is the façade facing the south wind (figure 12)

Figure 12: South façade is curved to catch all
prevailing wind to the mechanical floor- (Michelle
Wong, 2007)

B) Photovoltaic panels: which is integrated into facades to transform the sun’s energy to
usable AC current where it was determined that the use of PV cells could be
productive if used on certain portions on building envelope as shown in figure 13.
(Preston Koerner, accessed 2010)

16
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Figure 13: Perforated Silver Ventilation blinds is in the east and west double façade (top)
PV panels mounted to the exterior sunshades on the western façade
(Preston Koerner, 2010)

C) Hydrogen Fuel Cells: Pearl River Tower is planned to
utilize Hydrogen fuel cells into building façade to store
excess generated energy and convert gas to electricity with
more than 50 percent energy efficiency which is also could
be used as power energy for cooling and ventilation.
(Preston Koerner, accessed 2010)
Pearl River tower is presenting a number of highly innovative
technologies (figure 14):
Wind turbines, ventilated facades and integrated photovoltaic.
These technologies work together to significantly achieve net zero
energy and ensure highest level of human comfort and indoor air
quality and reduce energy where the expected performance is 58%
reduction of energy consumption according to a hypothetical
comparison to a building of the same geometry.
Although Pearl River Tower is considered a successful example
for building sustainability its unlike CH2 building didn’t
incorporate the idea of recycled materials into façade design which
in return was responsible for increasing building cost.
6.3

Masdar Headquarters, Abu Dhabi,
United Arab Emirates

Figure 14: Pearl River Tower’s
facades energy efficiency
technologies- (Preston Koerner,
2010)

Masdar headquarter located in Masdar city, Abu
Dhabi, United Arab Emirates under the
supervision of The Masdar Initiative, Abu Dhabi,
United Arab Emirates, it was designed by Adrian
Smith and Gordon Gill Architecture and
constructed during the period from 2008 to 2010
This project far exceeds LEED standards; a similar
sized LEED platinum building would still emit
6,000 metric tons of carbon dioxide a year (figure
15).
6.3.1 Overview on Climatic Conditions
Abu Dhabi’s climate is considered to be
subtropical climate, with temperatures that vary
from warm in winter months to hot in summer with
sunny blue skies prevail throughout the year and
Figure 15: Layout of Masdar City – (Adrian Smith
rainfall is infrequent which have effected on
+Gordon Gill Architecture, Accessed 2010)
building
architecture
design
to
fulfill
environmental And climatic requirements either on building scale or landscaping scale.
(City of Dubai official website, accessed 2010)
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6.3.2 Building Sustainability Strategies
Masdar Headquarter is overcoming the desert climate by the presence of some
sustainability strategies integrated within building facades that limit external heat gains and
making use of natural cooling potentials as ground, sky and outside air. These strategies
include:
 Ventilation: High performance energy
efficient façade.
 Shading techniques.
 Energy conservation
6.3.2.1 Ventilation: High performance
energy efficient façade
Masdar Headquarter integrated different
energy efficiency strategies one of these
technologies integrated into facades is Highthermal-mass exterior glass cladding which
blocks direct solar radiations and decreases the
internal cooling loads, while remain transparent
to allow natural light into the building
(Bellerophon, 2008). (Figure 16)

Figure 16: High thermal glass façade will help
blocking solar radiation while permitting natural
lighting- (Adrian Smith +Gordon Gill Architecture,
Accessed 2010)

6.3.2.2 Shading Techniques
Masdar Headquarter is protected from direct sun radiation by lightweight rood with PV cells
on the external facades in order to reduce the solar gain (figure 17) where it creates a cool
environment beneath and reduces the demand for air conditioning. (Bellerophon, 2008)

Figure 17: Power generation from PV panels and shading techniques integrated in Masdar Headquarter –
(Adrian Smith +Gordon Gill Architecture, Accessed 2010)
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6.3.2.3 Energy Conservation
Masdar Headquarter aims to be the world’s first zero-carbon, zero waste headquarter in Abu
Dhabi where energy needed for cooling and lighting will be reduced by controlling the
building orientation and design and presence of green spaces to find a balance between shade
and sun, and to promote natural-air circulation. One of these systems is energy generation
system integrated into building facades which will produce more power than it needs by using
renewable sources of energy generation (solar and wind energy) where it will feature the
largest photovoltaic power generation system.(Adrian Smith+ Gordon Gill Architecture,
accessed 2010)
Solar and PV panels: the 72,000 sq m roof contains one of the world’s largest buildings
integrated PV displays; it provides energy during building construction and during the
building usage (figure 23). Solar panels on the building’s roof and external façade are
supposed to produce as much electricity over the course of a year as the building consumes.
(Adrian Smith+ Gordon Gill Architecture, accessed 2010)
In addition to Masdar headquarter being the first mixed-use positive energy building in the
world it will also be the first building to generate power through development of its solar roof
and façade before underlying complex, it will also reduce building energy consumption by
61.5% from the annual energy consumption. (Zach Mortice accessed 2010).

6.4

Discussion

The case studies in this section has proved that the challenges of zero energy buildings can
take place not only on the residential scale or on small scale commercial buildings but also on
large scale and high rise commercial buildings. These case studies were taken in different
regions with different climates (hot, humidity, tropical climates) to encourage the main idea
that it could be possible for large scale and high rise commercial buildings to be totally
sustainable and ventilated even in tough climate taking into account the role of building
facades to achieve that (Table 1) where in each case study have been clarified building façade
role to achieve significantly decrease in energy consumption, better environmental quality and
a net zero energy buildings.
Table 1: Comparative Analysis between three case studies
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Council House 2 (CH2)

Pearl River Tower

Masdar Headquarters

Melbourne, Australia

Guangzhou, China

Abu Dhabi, United Arab
Emirates

-Blinds in the upper and
lower part of the
façade.
-External plants on the
northern façade.
-Double glazing in the
western façade.
-Low conductor timber
facades.

Consists of a
double glazed
façade with integral
spandrel panels and
cavity space for air
cooling

High-thermal mass exterior
glass cladding blocks direct
solar radiations and decreases
the internal cooling load

A motorized
perforated venetian
blind is in the east
and west double
facade

Roof and façade with PV
cells in order to reduce the
solar gain

Comparison between
three case studies:
Applying various
facades techniques
on large scale office
buildings

Ventilation

High performance
double skin facades

Glass
Louvers
Shading
Wood
Louvers
(Recycled
materials)
Energy Efficiency

Natural Lighting

Façade Effect

Western façade is
shaded by shutters
made of recycled
timber
-Visible light
transmittance glazing.
-Lighting shelves.
-Glare Control
Energy is 65% less

Integrated glass
façade to provide
visual
transmissions,
enhancing daylight
and reduce artificial
lighting
Energy is 44% less

Staggered cones bring
daylight in addition to side
facades

Energy is 61.5 % less

7. Conclusion
This paper has studied the main objectives for an efficient sustainable building façade taking
into account the environmental sustainability aspect, where it has introduced the main
principles for developing building façade concept and the governor concepts for this
development for forming sustainable building skins, also it has focused on the different façade
techniques in terms of natural ventilation, shading techniques and energy conservation and its
role in enhancing the internal environment.
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According to the case studies reported in this paper building facades plays an immense role in
building energy efficiency and building performance where:


Double skin façade is the more widely used in commercial buildings to permit natural
light over the working hours, its considered also an efficient innovative ventilation
system if properly designed.



The most advantageous shading schemes have proved to be external shading device
and movable overhangs installed on building facade, considering also the other
benefits of external shading as it could be suggested as a very effective design solution
against overheating where only the application of external shades reduces the
overheating up to 20%.



Solar control glazing is considered very important issues for decreasing the internal
cooling loads for sites which enjoy sun shines all over the year where in summer the
sun radiations should be blocked from entering the space. The most effective shading
system is the adjustable exterior shading louvers, where it is considered to be the most
effective shading devices as it as verity in colors and materials.

8. Recommendations
In this section some recommendations about the appliance of sustainable building facades
technologies in Egypt will be interviewed taking into account the environmental, economic
and climatic conditions. Egypt lies within the North African desert, this geographical location
give the Egyptian climate some characteristics which affects on designing any building.
Egyptian climate is arid characterized by hot dry summers, moderate winters and very little
rainfall which will encourage designers to design passive building skins which will be able to
provide natural ventilation, shading and reduce energy consumption. Following some
recommendations for the architects and Governments in order to enhance the appliance of
sustainable buildings skins strategies on sustainable office buildings.
8.1 Responsibilities of Architects
Designers should consider important issues for efficient building facades; these issues affect
on the technologies applied into building facades taking into account its cost and how
appropriate it’s for the building requirements, therefore energy saving, designers should:






Properly select site for building, as the design feature changes with site climatic
characteristics.
Be aware of any significant change in climatic conditions in the site.
Properly decide the best façade technology that serves the target of the building.
Choose appropriate ventilation strategies that are suitable for the building usage.
Be updated to all computer modeling that can lead the designer to exact performance
of the chosen the perfect facades’ strategies.

8.2 Responsibilities of Governments

The role of intelligent façades in energy conservation

Governments own and maintain a wide range of buildings and facilities, including
administrative and office buildings where there are a variety of tools that could help the
governments to develop and operate building resources for applying efficient passive cooling
strategies in a sustainable manner, following some of these tools:




It could create community boards and commissions to study local sustainable issues
and provide economic motivation for sustainable building development
It should permit training ad education programs that focus attention on building
sustainable development.
The government building projects can incorporate and promote energy efficient
facades that harmonize with the Egyptian climate.
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