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ABSTRACT 

 
Building façades play a major role in improving the effects of outdoor environment 
conditions on indoor comfort conditions. Façades, which are designed as energy 
efficiency, are created according to different performance parameters and can offer 
solutions appropriate for the climatic condition. This paper aims to describe and 
highlight the role of design and application determinants in building façade types 
according to energy efficiency in different climatic classes. For this purpose, 12 
building façade types in different climate types were investigated and analyzed by a 
purposive or judgmental sampling technique. Façade analyses have been carried out by 
considering double skin, adaptive, photovoltaic panel, vertical green, media and 
structural membrane façades created as a result of developing technological 
opportunities. Balance of heat loss and gain, preventing overheating, providing daylight 
and natural ventilation, active and mechanical solutions for climate-sensitive, noise 
control, recycling and evaluating the initial investment cost are presented. With 
examinations, it has been determined that different façade systems are innovative 
construction systems in creating energy efficiency. It has been concluded that the effect 
of improving indoor comfort conditions of the building by controlling the outdoor 
environment conditions with the construction of different facade systems is very 
important in the architectural process. With the development of technology and smart 
systems, the impact of the façades on the climate analysis and energy efficient design 
strategies will be much more important in the future. 
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1.  Introduction  
 

In the process from past to present, there has been a great increase 
in the amount of energy used on a global scale. The increase in 
energy use causes the deterioration of the natural systems 
globally. Depletion of the existing energy resources makes it 
necessary to turn to alternative energy sources. The sustainability 
of human and nature harmony in order to meet the basic needs of 
the users is created by analyzing the energy production-
consumption at the optimum level. Especially when the energy 
uses of the century we live in is considered, the need for clean, 
inexhaustible and renewable energy resources is increasing day by 
day. Solar energy (passive, active, thermal and daylight), wind 
energy, biofuel energy, hydroelectric energy, ocean energy, 

geothermal energy and hydrogen energy are used as renewable 
energy sources (Lechner, 2015). 
 
The most of the energy is consumed by buildings. Buildings aimed 
at providing the comfort conditions of the user are in an 
important position in terms of consuming energy. Considering the 
building life cycle, energy is an indispensable element for the 
building. There are differences in the increase in energy use in 
buildings and its global distribution. By following the traces of the 
past in sustainability and energy use, future evaluations and 
inferences are made. Recently, buildings that are self-sufficient 
within the framework of the building life cycle and independent 
buildings for energy have been designed and constructed (Oh et 
al., 2017). 
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Building envelope is of great importance in evaluating energy use 
in the building. In balance of heat loss and gain, particular 
attention should be paid to façade (exterior wall, door and 
window and façade openings), roof / ceiling and floor elements in 
proportion to heat losses (Shoubi et al., 2018). Approximately 
60% of the heat losses occurring throughout the building in the 
residential where the most intensive vital activities are carried out 
are due to façades, 25% due to roofs / ceilings and 15% due to 
floors (Figure 1). In this case, building façades, one of the 
components of the building envelope elements, are of great 
importance in creating and improving indoor comfort conditions 
and in sustainable design. 
 

 
Figure 1. Distribution rate of heat losses in the building envelope 

(Haringey Council, 2017) 
 
The evaluation of energy uses at the building and its systematic 
regulation in the building life cycle reveal the energy efficient 
building design process. In energy efficient building design, 
climatic data, context, building location, building form and façade 
components of the building can be taken as performance values. 
They are the building envelope that separate the outdoor 
environment and the indoor environment in the determination of 
performance properties, control the outdoor environment and 
enable the indoor comfort conditions to be design in the most 
appropriate solution. From this perspective, façade elements 
should be investigated in the design process and equipped with 
high performances in order to create the most appropriate values 
desired in the indoor environment (Manioglu and Koçlar Oral, 
2010). In the design of the façade; the location of the façade, the 
location of the façade relative to other building façades, the 
orientation (direction) and form of the façade, the properties of        
the building façades, natural ventilation systems applied to the 
façade, and solar control systems applied to the façade are 
important parameters. In buildings, it is necessary to create a 
façade design that can adapt to the climatic conditions of the 
location, reduce energy and resource consumption and control 
outdoor environmental effects. The availability of different façade 
materials and advanced technical facilities play an important role 
in the development and advancement of façade construction 
systems.  
 
In the historical process, depending on the technological 
possibilities and the development of building materials, the 
building façade systems have changed and transformed. When we 
systematically examine building façades according to the number 

of layers; we see it as single skin and double skin façades (Yesilli, 
2016). However, in today's conditions, façade diversity has 
increased depending on different façade system solutions and 
performance requirements. Different façade configurations have 
been created as developed double skin, adaptive, photovoltaic 
panel, vertical green, media, structural membrane façades. 
Different performance requirements are revealed in the energy 
efficient use of façades with different design processes according 
to different climate types. In the scope of the literature, the 
efficiency obtained from the façades in energy efficient façade 
designs; climate data are shaped according to indoor comfort 
conditions and façade formation. Recently, buildings are created 
with Virtual Reality (VR) and Virtual Design and Construction 
(VDC) concepts are obtained. Simulations are used by means of 
Building Information Modelling (BIM) systems that develop with 
the stratification of performance evaluations and building 
integrated systems and future usage scenarios are estimated. 
Along with Virtual Reality (VR), optimization models for 
different parameters are also used for façade performance data 
(Loonen et al., 2014; Si et al., 2016; Huang and Niu, 2016; 
Giuda et al., 2019).  
 
In this paper, the design and application of different facade types 
in different climatic zones are emphasized. Study has been 
conducted through the responses of the facade types created 
according to different climate scenarios to indoor comfort 
conditions. Within the scope of the study, the contribution of the 
use of new generation materials and technologies on a global scale 
and the construction of energy efficient facade systems to the 
building has been analyzed and evaluated. As a result of the study, 
suggestions for energy efficient facade design strategies are 
presented. 
 

2. Literature Review 
 
Building envelope has a great effect on the creation of energy 
efficient building design. Precautions to be taken in the building 
envelope contribute to the creation of indoor comfort conditions. 
Precautions should be taken according to energy efficient building 
design strategies in the façade design, which are one of the most 
important components of the building envelope. There are some 
basic criteria for designing high performance and smart façades in 
terms of energy efficient buildings: 

 The position of the building and the shape of the form 
according to the influence of the sun, 

 Design of shading elements to control cooling and heating 
loads, 

 Use of natural ventilation to increase air quality and reduce 
cooling loads, 

 Minimizing the energy used for mechanical heating and 
cooling systems and artificial lighting by optimizing exterior 
wall insulation and natural lighting (Aksamija, 2015).  
 

The most important factor in the creation of high performance 
façades is the correct determination of the climatic conditions and 
their transfer to the process in façade system designs. Climatic   
properties; it affects the energy control mechanisms in façade 
design, material and system selection and façade setup according 
to the interior performance requirements (Kumar and Raheja, 
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2016) In general, there are performance characteristics expected 
from the façade according to heating and cooling-dominated 

climate, mixed climate types depending on climatic parameters 
(Table 1). 

Table 1 Façade performance characteristics according to climate types (Aksamija, 2015)

Climate Type Design Strategies in Sustainable Façades 

Heating-
dominated 
Climates 

 Solar collection and passive heating: collection of solar heat through the building envelope. 

 Heat storage: storage of heat in the mass of the walls. 

 Heat conservation: preservation of heat within the building through improved insulation. 

 Daylight: use of natural light sources and increased glazed areas of the façade, use of high-performance 
glass, and use of light shelves to redirect light into interior spaces. 

Cooling-
dominated 
Climates 

 Solar control: protection of the façade from direct solar radiation through self-shading methods 
(building form) or shading devices. 

 Reduction of external heat gains: protection from solar heat gain by infiltration (by using well-insulated 
opaque façade elements) or conduction (by using shading devices). 

 Cooling: use of natural ventilation where environmental characteristics and building function permit.  

 Daylight: use of natural light sources while minimizing solar heat gain through use of shading devices 
and light shelves. 

Mixed  
Climates 

 Solar control: protection of façade from direct solar radiation (shading) during warm seasons. 

 Solar collection and passive heating: solar collection during cold seasons. 

 Daylight: use of natural light sources and increased glazed areas of the façade with shading devices. 

 
When the performance parameters of energy efficient building 
design strategies are considered through the façade systems, 
system designs of different qualities can be created. Passive 
systems, active systems and mixed systems (hybrid systems) are 
examples of system configurations.  
 
Passive systems; are self-operating systems for the conservation and 
use of energy during the building life cycle. In passive systems, 
there is no need for energy in the design principles for the use of 
existing energy in natural resources (Altan et al., 2016). Design 
decisions are made to reduce heat losses for thermal comfort 
conditions and to prevent overheating in the interior within the 
framework of the precautions to be taken in passive systems in the 
façade installation. Designing shading elements according to the 
direction of the façades to provide natural light in the interior for 
optimum light control is frequently preferred in passive systems 
scale. The design of the parameters for removing the indoor 
exhaust air and ensuring the indoor air quality (IAQ) using 
pressure differences and wind are put forward on the basis of 
passive design strategies. At the same time, the provision of 
recyclable materials, initial investment cost and noise control 
mechanisms for the use of energy should be addressed in this 
regard. The development of material and system alternatives and 
widely used passive systems should be considered during the 
building design process and should be operated in integration with 
the building. As a result of the application of passive systems, 
different façade system proposals for heating, cooling and thermal 
energy storage emerge within the context of the building (Figure 
2).   

 
Figure 2 Designing passive system design strategies from the 

façade (Arch Monarch, 2020) 
 
Active systems; include systems that contribute to energy efficient 
building design by taking part in the construction and operation of 
passive systems. These are the subsystems that make the control 
mechanism of the façade elements mobile when the climatic 
conditions are variable and the day-night / yearly climatic data are 
not stable. Active systems are known as adaptable, adaptive and 
kinetic façade systems in building façade systems. Self-
extinguishing of lights, opening and closing of ventilation systems 
at different parts of the day, deflection of sunshade and 
photovoltaic elements on the façade and similar examples are used 
within the context of active systems (Kang et al., 2016). Having 
active systems creates a great performance value in energy 
efficient building design. The high initial investment cost is a 
design parameter that should be evaluated in today's buildings. In 
the evaluation of design and cost analysis, active systems should be 
considered as a future investment and cost-benefit analysis should 
be done in the long run. 
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The increase in zero-energy building designs in the future cannot 
be built only with passive or active systems. The location of the 
design, the resources it uses, the cost of formation and emission 
regulations should be designed and operated in the most 
appropriate way (Torcellini, 2006). This situation directs the 
designer to use active and passive systems together, designing the 
building in an energy efficient way according to the desired 
performance values at the building scale. Hybrid (mixed) systems 
emerge with the use of active and passive systems integrated with 
each other. Active sun shading elements, steam cooling systems, 
elements for indoor use of wind for ventilation purposes are 
within the scope of hybrid systems. 
 

3. Different Façade Systems in Energy Efficient 
Building Design Strategies 

 
Different performance properties affect the design and application 
of building façades. Providing performance properties for energy 
efficient building design has an important role in terms of user 
comfort conditions. For this reason, stability, utility, beauty 
(firmitatis, utilitatis and venustatis) should be established as the 
basic properties expected from the building façade. When we 
look at the time period we live in, it is observed that different 
detail solutions are produced with different materials. The use of 
different materials has provided the advantages and disadvantages 
of facade construction systems. In this context, the project design 
team is expected to apply energy-efficient building design 
strategies and create the most appropriate solution suggestions in 
the process of designing building façades in the light of stability, 
utility and beauty principles. 
 

3.1 Double Skin Façades 

 
Double skin façades are passive façade systems formed by adding a 
second façade to the first façade of the building. In the system, 
which is divided into two as inner layer and outer layer, the cross 
section gap layer varies between 20 cm and 200 cm. A continuous 
air circulation is provided from the gap. Air circulation can take 
place either naturally or mechanically. In the system, the outer 
layer is generally formed with a single transparent glass, while the 
inner layer is formed with low-e glasses or solar controlled glasses 
in order to provide heat control (Inan and Basaran, 2014). Double 
skin façade designs have advantages and disadvantages. Their main 
advantages are providing energy conservation, controlling 
daylight, reducing interior heating demands, providing 
ventilation, and providing appropriate acoustic comfort. On the 
other hand, the most important disadvantages of double skin 
façade designs are overheating of the gaps, high initial investment 
costs, and the need for maintenance and repair (Ahmed et al., 
2016). One of the most important disadvantages of double skin 
facade designs is the risk of flame and smoke being carried to the 
top points quickly with the chimney effect during fire (stack 
effect).  
 
Double skin façades have shown a lot of development space 
regardless of the building class. It provides the formation of high 
performance façades with the solution suggestions it brings to 
building materials and building performance. Double skin façades 
are classified according to the partitioning of the façade, type of 

ventilation and type of air flow (Figure 3). The expected double 
skin façade design should be made according to the requirements 
of the climate characteristics and indoor comfort conditions 
(Motevalian, 2014). 
 

 

Double Skin Facade Type

Partitioning of the Facade Type of Ventilation Type of Airflow

Box-window Facade

Corridor Facade

Shaft-box Facade

Multi-storey Facade

Natural Ventilation

Mechanical Ventilation

Hybrid Ventilation

Exhaust Air

Supply Air

Static Air Buffer

External Air Curtain

Internal Air Curtain

 
Figure 3. Double skin façade types (Motevalian, 2014) 

 

3.2 Adaptive Skin Façades 

 
These are active façade designs that are made to give a dynamic 
structure to the façade systems that separate the indoor and 
outdoor environment from each other and to give them the ability 
to move. In the design of movement systems, it is aimed to use 
the outdoor environment effects to create indoor comfort 
conditions in the most appropriate solution. In the regulation of 
performance parameters, there are heat, ventilation, vapour flow, 
precipitation control, use of sunlight, noise control, fire 
resistance, high stability and aesthetic (visual effect) purposes 
(Loonen et al., 2015) (Figure 4). Increasing the energy 
performance inside the building, ensuring daylight requirements 
and providing the highest level of thermal comfort are among the 
most basic requirements for façade design. 
 
Movement ability on adaptive façades can be created with a 
manual system or can be designed with automatic-digital systems. 
However, the use of digital systems is a more appropriate solution 
for obtaining high efficiency and its continuity. At the same time, 
façade design solutions should be provided according to 
appropriate climatic conditions in building integration (Attia et 
al., 2018; Attia et al., (2020). According to the climate analysis at 
the initial stage of the project by the architect and the designer, 
active façades should be made by means of simulation programs in 
advance, and cost-benefit analyses should be determined in the 
future (Sharaidin and Salim, 2012). 
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External Factors
Facade 

Requirements
Human Comfort

Solar radiation

Outdoor temperature

Wind

Humidity

Precipitation

Noise

Thermal comfort

Energy performance

IAQ

Visual performance

Acoustic performance

Durability

Control:

 Heat flow

Air flow

Water vapor

Water

Light

Noise

Form

Shape

Color

 
Figure 4 The relationship between the outdoor environment and 

indoor comfort conditions of adaptive façades (Aelenei et al., 
2016) 

 

3.3 Photovoltaic Panel Façades 

 
When the use of photovoltaic panels in buildings is examined, it is 
generally seen on building roofs. Too much interaction with the 
sun has been an acceptable indicator of the use of the upper 
envelopes for this purpose. Today, when we look at the upper 
envelopes of the buildings, the use of panels on the façades has 
become widespread due to the change in the form of the roof 
types, the lack of sufficient space on the roof and the opening of 
the roof to occupant use. In façade use, the relationship with the 
sun should be properly designed, and elements that give various 
shade to the façade should be avoided. The relationship between 
climatic data and latitude should be considered as the most 
important parameters affecting the efficiency of photovoltaic 
panels used in façades. In the efficiency assessment of the use of 
photovoltaic panels, the annual sunshine duration of the region 
should be taken into account, and the cost-benefit analysis should 
be made within the framework of energy production (Grana and 
Haroldson, 2017). 
 
In the use of photovoltaic panels, there are two different system 
proposals that can be adapted to the building (BAPV-Building 
Applied / Adopted / Added Photovoltaics) and building 
integrated systems (BIPV-Building Integrated Photovoltaics). 
However, higher efficiencies are obtained from photovoltaic 
panels that have been involved in the design process throughout 
the building system design and building life cycle, evaluated and 
transferred to the project (Snow and Prasad, 2011). Three 
different system proposals are developed for the use of building 
integrated systems on façades: 

 Photovoltaic panels as façade exterior wall system, 

 Photovoltaic panels as façade cladding material, 

 Photovoltaic panels as additional elements in the façade. 
 

Photovoltaic panel façades are great importance in finding energy 
generation in energy efficient building design strategies. 
Photovoltaic panels transform solar energy, which is an endless 
and renewable energy source, into electrical energy. As a 
response to the increasing energy demands in the world, 
photovoltaic panel types have increased, and a wide range of uses 
are offered to designers. It is possible to use photovoltaic panels in 
standard sizes as well as in special production types. (Pagliaro et 
al., 2010). 
 

3.4 Vertical Green Façades 

 
Vertical green façades are created with green façade systems with 
plants in the exterior wall system. Plants on the façade are used to 
control indoor comfort conditions together with environmental 
climatic conditions (Elgizawy, 2016). In the creation of the façade 
design, there are plants, habitat, carrier, filter layer, heat 
insulation layer, waterproofing layer, vapour barrier layer and 
exterior wall elements. Layers can be increased or decreased to 
appropriate design and application requirements. 
 
The design of vertical green façades is especially preferred for the 
use of soil and plant roots for thermal insulation. The advantages 
of vertical green systems include reducing the urban heat island 
effect, increasing the outdoor air quality, providing an ecological 
balance and providing a habitat for various living organisms, 
assuming a protective role against rainwater and sun rays, and 
offering an architectural aesthetic value. It is seen as a 
disadvantage that vertical green systems require constant 
maintenance and seasonal changes for design and operation 
(Aygencel, 2011). Moreover, the initial investment costs should 
be optimized with the efficiency to be obtained in the process and 
planting should be made in accordance with the climate in which 
the building is located. 
 
Different construction techniques are used in the design of vertical 
green façades: 

 Green façades; They are the type of façade formed by 
wrapping the plant planted in the soil or in a pot on the 
exterior wall surface (Figure 5a). 

 Planted walls; They are the type of façade where the exterior 
wall surface is used as a plant growing medium and the façade 
elements are directly active (Figure 5b). 

 Living wall systems; They are the types of façade that are 
suitable for plant cultivation with different secondary 
elements in the exterior wall system (Figure 5c) (Perini, 
2011). 
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                                                        (a)                                                 (b)                                                (c) 

Figure 5 Design types and application examples of vertical green façades (Perini, 2011) 
 

3.5 Media Façades 

 
Media façades have been used as a communication tool in an 
architectural design from past to present. It has a great cultural 
potential, social and technological values along with its 
commercial, artistic and entertainment uses. While providing an 
interactive façade for building and city users, media façade 
components must be properly designed. On the other hand, 
media façade design components are important in terms of the 
carrier of the façade, the media façade content, the environment 
of the façade and the time factor (Moere and Wouters, 2012) 
(Figure 6). 
 

 
Figure 6 Design of media façades (Moere and Wouters, 2012) 

 
When the purpose of use for media facade design are examined, 
energy efficient building design strategies should be evaluated. 
The design of media façades for lighting and visual comfort should 
be evaluated. Façade design should be planned to provide that 

visual effect and content resolution provide information transfer 
appropriately (Lee and Sul, 2017). The overheating risks of the 
lighting elements (point, strip, panel, etc.) used on the façade 
should be evaluated and investigated within the context of climate 
effects. Using kinetic elements, preferring double skin elements, 
and forming with shading elements, high efficiency is obtained 
from media façades within the scope of energy efficiency. In the 
design of media façades, the presence of photovoltaic panels used 
together with the media façades creates very useful products in 
terms of energy production. Designing with recyclable materials 
and using products compatible with technology increases the 
efficiency of the media façade system. 
 

3.6 Structural Membrane Façades 

 
In the light of developing technologies, a rapid development is 
seen in structural membrane designs on building façades. 
Structural membrane façades can be preferred for the design of 
the precautions that can be taken on the façades to create indoor 
comfort conditions (Figure 7). When we examine the structural 
membrane façades, we observe the façades constructed with two 
different materials: 

 Textile façades, façades produced from a composite material 
consisting of woven elements coated on both sides, 

 Foil façades, façades made of thin extruded materials less than 
0.4 mm thick (Paech, 2016). 

 
In structural membrane facades used for different purposes in 
buildings, fire resistance, UV transition resistance, life of the 
material, light transmittance are important parameters. Polyester 
(PES), polyvinylchloride (PVC), polytetrafluoroethylene (PTFE), 
are examples of textile façades as samples of structural 
membranes used in the façade. Ethylene tetrafluoroethylene 
(ETFE), ethylene chlorotrifluoroethylene (ECTFE) are samples of 
foil façades (Paech, 2016). 
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Figure 7 Components of structural membrane façades 

(Tensaform, 2020) 
 
Structural membrane façades should be evaluated for building 
energy performance. Recently, it has been used as a single layer in 
the exterior wall system (especially in stadium structures) as well 
as a second layer. It has a great effect on reducing energy 
consumption, daylight control and natural lighting parameters. 
Playing a role in the improvement of indoor comfort conditions 
according to climatic conditions and the construction of elements 
that can be controlled in various designs are the primary 
parameters that should be evaluated in structural membrane 
façades (Chiu and Lin, 2015). 
 

4. Methodology 

 
Within the scope of the study, examinations were made on the 
types of façades that could respond to different outdoor 
environment conditions. Extensive literature research was carried 
out by considering double skin façades, adaptive façades, 
photovoltaic panel façades, vertical green façades, media façades, 
structural membrane façades as façade system design. The 
problem of this study is to determine whether there is a 
homogeneous distribution in the designs of façade types in the 
world. Using a purposive or judgmental sampling technique 

(Taherdoost, 2016; Ghauri et al., 2020), a sample group was 
created for the application of different façade systems, regardless 
of the building class. The design and energy efficient building 
design strategies of 12 façades (two samples for each façade type / 
in different climate types) were evaluated.  
 
As a result of the study, it has been revealed that different façade 
variations can be used in energy efficient building design and the 
effect of differences that may occur in terms of performance. 
Evaluations and inferences have been presented on the energy 
efficiency and user comfort for the use of façade variations. 
 

5. Data Analysis and Discussion   
 
Recently, as a result of the development of technological 
possibilities, alternative façade construction systems have 
increased according to environmental conditions and different 
climate types. In the field of façade design and application, 
different façade types have emerged to provide added value data 
to the building, to plan the cost-benefit analysis appropriately, to 
apply energy efficient building design for the designers. Two 
building examples from different climate types for different façade 
uses were taken and detailed investigations were made (Figure 8). 
In the light of the data available in the literature and obtained from 
reliable Internet sources, the analysis of the building façades was 
made. In the framework of the analysis, the name of the building, 
its designer, the year of construction, the number of floors, 
location, usage class, the climate class of the region and the 
explanations and evaluations regarding the energy efficient use of 
the facade systems were emphasized (Table 2). In the selected 
sample group, façade design decisions for different climate types 
were evaluated and general inferences were made.

 

 
Figure 8 World distribution of the case study samples (Author, 2020) 

 
In the light of the façade samples examined, the result is that 
different façade system solutions are used at a common point for 
energy efficient design strategies. The properties of different 
façade constructions, independent of height, construction year 
and building class, were examined in detail in the buildings 
investigated within the scope of energy efficient building design 
strategies. In the investigations made on different climate classes, 
transformations and integrated systems were determined to reach 

the common goal. In the GreenPix-Zero Energy Media Wall 
sample, a double skin façade, a photovoltaic panel façade and a 
media façade were designed and applied together. In the advanced 
stage of the study, the façade samples examined were analyzed 
according to their façade performances in energy efficient building 
design (Table 3). The following findings were obtained within the 
scope of the examined façade samples group: 
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Table 2 Analysis of different façade systems in energy efficient building design strategies (Author, 2020)

Façade Type 
/ Building Sample 

Designer / 
Architect 

Year / 
Floors 

Location 
Building 

Class 
Climate Types Explanations 

D
ou

bl
e 

Sk
in

 F
aç

ad
e 

1 

(D
SF

-1
) 

 

Solomon 
Cordwell 

Buenz 

2007  
/   

2 Floors 

Illinois 
/ USA 

Office 
Building 

Humid 
Continental 

Climate  
(Dfa) 

- 
Köppen 

 

The double skin façade is used for solar 
control through automation, as well as 

increasing the indoor air quality. 
Horizontal blinds hung on the façade 
reduce the radiant effect and prevent 
overheating, while at the same time 

providing a homogeneous natural lighting 
in the interior. The façade system design 

provides an energy saving of 52% for 
building (McLauchlan and Lavan, 2010). 

The Richard J. Klarchek  
Information Commons 

D
ou

bl
e 

Sk
in

 F
aç

ad
e 

2 

(D
SF

-2
) 

 

Architects 
TAISEI 

DESIGN 
Planners 

Architects & 
Engineers 

2017 
/ 

2 Floors 

Hung Yen 
Province  

/ Vietnam  

Education 
Building 

 Humid 
Subtropical 

Climate  
(Cwa) 

- 
Köppen 

The building façade designed as a shaft-
type façade from double skin façades 

provides passive ventilation. The use of 
cleaner and climatically attenuated air in 
the interior improves the indoor comfort 

conditions. Energy consumption was 
aimed to be minimized with passive air 

conditioning. Improving indoor air quality 
has been a priority for the humid 

subtropical climate (Archdaily, 2020a). 
Brick Passive  

Designed University 

A
da

pt
iv

e 
Fa

ça
de

 1
 

(A
F

-1
) 

 

JSWD 
Architekten,  

Chaix & 
Morel et 
Associés 

2010 
/ 

13 Floors 

Essen  
/ Germany 

Office 
Building 

Marine West 
Coast Climate 

(Cfb) 
- 

Köppen 

The sunshade elements used in the façade 
prevent overheating and glare of the sun's 
rays in the interior. It rotates at an angle of 
90 degrees horizontally and is positioned 
to be sensitive to external sunlight. At the 
same time, thermochromic glasses used as 
facades offer various precautions for light 
transmittance (Solla, 2010; Güncü and 

Kurnuç Seyhan, 2013). Q1, ThyssenKrupp Quarter 

A
da

pt
iv

e 
Fa

ça
de

 2
 

(A
F

-2
) 

 

Urban Art 
Projects 

(UAP) and  
Ned Kahn 

2012  
/ 

8 Floors 

Brisbane  
/ Australia 

Carpark 

Humid 
Subtropical 

Climate  
(Cfa) 

- 
Köppen 

The façade is a 5,000 square meter kinetic 
design formed by the combination of small 
elements. 118,000 aluminium panels on 

the façade move with the effect of the 
wind. This effect of the façade filters the 
light transmitted to the interior, while at 

the same time providing a natural 
ventilation. The façade system built 
increases the indoor comfort quality 

(Designboom, 2020). 
Brisbane Airport  

Domestic Terminal 

P
ho

to
vo

lt
ai

c 
P

an
el

 F
aç

ad
e 

1 

(P
F

-1
) 

 

Architects 
Brooks + 

Scarpa 
Architects 

2013  
/ 

2 Floors 

Inglewood  
/ USA 

Education 
Building 

Mediterranean 
Climate 

(Csa) 
- 

Köppen 

Photovoltaic panels placed on the southern 
façade as a second layer generate 

electricity from solar energy. Except for 
certain transparencies, completely 

photovoltaic panels are used as façade 
finishing material. There is no urban 

facility near the façade that would prevent 
sunlight. 650 photovoltaic panels were 

used (Archdaily, 2020b). 
Green Dot Animo Leadership 

High School 

P
ho

to
vo

lt
ai

c 
P

an
el

 F
aç

ad
e 

2 

 (
P

F
-2

) 

 

Jourda & 
Perraudin 

1999  
/ 

2 Floors 

Herne  
/ Germany 

Mixed Use 
Building  

Marine West 
Coast Climate 

(Cfb) 
- 

Köppen 

Photovoltaic panels placed in a single 
façade layer were used in the roof and 

façade integrated into the building. With 
the transportation of the building with 

light structural elements, the entire 
building envelope was formed with 

transparent elements. By using 
photovoltaic panels in certain parts of 

transparent elements, energy production-
based efficiency in indoor energy use has 

been increased (Pasquay and Müller, 
2000; Pagliaro et al., 2010). 

Monte-Cenis Academy 
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Table 2 Analysis of different façade systems in energy efficient building design strategies (cont.) (Author, 2020)

Façade Type 
/ Building Sample 

Designer / 
Architect 

Year / 
Floors 

Location 
Building 

Class 
Climate Types Explanations 

V
er

ti
ca

l G
re

en
 F

aç
ad

e 
1 

(V
G

F
-1

) 

 

Vo Trong 
Nghia, 

Daisuke 
Sanuki, 
Shunri 

Nishizawa 

2011          
/                

3 Floors 

Ho Chi Minh  
/ Vietnam 

Residential  

Humid 
Continental 

Climate  
(Dwb)  

- 
Köppen 

In the project, there is a green façade 
design constructed in a narrow area of 

20 m depth and 4 m width. Plants, 
which allow for controlled temperate 
ventilation, are transported through 

prefabricated panels. At the same time, 
plants that take sunlight into the building 

in a controlled manner provide 
insulation on the façade in terms of noise 

control (Archdaily, 2020c). 

 
Stacking Green  

V
er

ti
ca

l G
re

en
 F

aç
ad

e 
2 

(V
G

F
-2

) 

 

Architects 
Luís Rebelo 
de Andrade, 

Manuel 
Cachão Tojal, 
Tiago Rebelo 
de Andrade 

2012          
/                

2 Floors 

Lisbon  
/ Portugal 

Residential 

Mediterranean 
Climate  

(Csa) 
- 

Köppen 

A green relationship was established with 
the city by covering most of the façades 
with plants. A suitable ecological habitat 
has been created in which 25 different 
plant species belonging to the Iberian 
and Mediterranean regions are used in 

close to 4000. Plants that offer different 
living spaces for small living organisms 
provide different scents and clean air 

quality to the building user (Williamson, 
2013). 

Patrocinio House 

M
ed

ia
 F

aç
ad

e 
1 

(M
F

-1
) 

 
 

Simona 
Giostra & 
Partners 

Architects 
and ARUP 

2008          
/                

10 Floors 

Beijing  
/ China 

Entertainm. 
Complex 

Humid 
Continental 

Climate  
(Dwa) 

- 
Köppen 

The photovoltaic panels in the system, 
which works as a double skin façade 

designed as a media façade, are used to 
energy production. Obtaining the 

energy, it needs through panels reduced 
the cost of the façade and revealed the 

sustainability values of the building. The 
building has a façade layout in 

accordance with its purpose (Howard, 
2008). 

GreenPix -  
Zero Energy Media Wall 

M
ed

ia
 F

aç
ad

e 
2 

(M
F

-2
) 

 

UN Studio 
2010          

/                
8 Floors 

Cheonan  
/ South 
Korea 

Shopping and 
Commercial 

Humid 
Continental 

Climate  
(Dfa) 

- 
Köppen 

The façade is designed as a double skin. 
The outer layer is created in flat and 
angled combinations. It provides an 

optical illusion on the façade. While the 
DSF provides proper ventilation and 

solar control, a media façade has been 
created with lighting fixtures placed on 

the outer layer. Media façade and 
luminaires with higher resolutions create 

a dynamic facade design (Mandaglio, 
2019; UN Studio, 2020). 

Galleria Centercity  

St
ru

ct
ur

al
 M

em
br

an
e 

Fa
ça

de
 1

 

(S
M

F-
1)

 

 

Enric Ruiz-
Geli -  

Cloud 9 

2007          
/                

9 Floors 

Barcelona / 
Spain 

Mixed Use 
Building  

Tropical and 
Subtropical 

Steppe Climate  
(Bsk) 

- 
Köppen 

The façade is created with ETFE panels 
that have swelling and deflation 

movement. The system working with 
nitrogen fog and sensitive to sunlight 

creates a sun filter. While ETFE panels 
act as a sunshade with their swelling, 

they provide thermal insulation with the 
air buffers formed in the balloon. 

Different dynamic façade design has been 
achieved (Eberl, 2016; Shahin, 2019). 

 
Media-ICT 

St
ru

ct
ur

al
 M

em
br

an
e 

Fa
ça

de
 2

 

(S
M

F-
2)

 

 
Hazza B 
 
 
 
 
 
 
 
Hazza Bin Zayed Stadium 

Pattern 
Design 

2014          
/                

5 Floors 

Abu Dhabi  
/ UAE 

Stadium 

Tropical and 
Subtropical 

Desert Climate 
(Bwh)  

- 
Köppen 

PTFE elements have been added to the 
façade as a second layer. Elements with 
an active structure can move around the 

axis at certain periods. The shading 
elements provide solar control in the 
desert climate and at the same time 

allow cooling with the ventilated façade. 
These data help the cultivation of lawns 
by creating a special microclimate area 

indoors. In the evening, the façade 
elements can be illuminated with LED 

systems (Paech, 2016). 
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 In order to create thermal control, precautions are taken 
against overheating of the interior environment in all façade 
types. Shading elements, moving (dynamic) systems and 
façades designed as secondary layers have been important 
design elements in preventing overheating. Providing internal 
air circulation and associating the circulation with the interior 
are among the façade design decisions generally. However, 
not all façade types can be used effectively in preventing heat 
losses. Climatic data affect façade control parameters in this 
context. Because of the desert climate in the Hazza Bin Zayed 
Stadium building, preventing heat losses is insignificant. 

 In general, various precautions are taken on all façade types to 
provide lighting control. The healthy use of daylight is 
considered as an important parameter, especially in the 
framework of the buildings examined, its homogeneous 
distribution within the space. In lighting control, some 
shading element solutions have been offered within the scope 
of various suggestions on all façades in order to avoid the 
negative effects of direct sunlight and to protect against 
harmful ultraviolet rays. In addition, the balanced control of 
the lighting requirement and the overheating parameters has 
been resolved in the façade system design before the indoor 
space. The location, orientation and form of the building 
constitute the basic parameters that should be examined with 
the façade components in providing lighting control. 

 In order to create the ventilation, solutions were presented to 
improve the indoor air quality (IAQ) in façade types. 
Especially on the façades that can be designed as the second 
layer, ventilation systems are considered and ventilation 
criteria are provided by creating buffer zones. Passive solution 
proposals were developed for different façade types for the 
extraction of indoor exhaust air and for the use of fresh air 
indoors. The façade elements play the most important role in 
creating a healthy interior environment. Monte-Cenis 

Academy, Green Dot Animo Leadership HS, GreenPix 
buildings have not created high-performance relationships 
between facade and ventilation criteria. 

 Creation of climate sensitive active solutions varies according 
to façade types. The preference rates are low in terms of 
managing and supervising the system control mechanism by an 
expert and creating problems for business continuity. Façade 
movement and dynamism are not considered in the R. J. 
Klarchek Information Commons, Stacking Green, Patrocinio 
House buildings. 

 The changing situations in façade types for the creation of 
noise control, especially the sound of kinetic elements and the 
use of sound systems in media façades, have different 
characteristics. In the façade systems recommended in noisy 
spaces, it is necessary to create high efficiency façades for 
exterior wall sound insulation. It is important to consider 
plants as sound absorbers on vertical green façades in terms of 
noise control. 

 The possibility of recycle is one of the main parameters that 
can be observed in all façade types examined. Choosing 
building materials that are based on building material life and 
that offer the possibility of reuse and recycle is a common idea 
adopted in different façade types. 

 It is revealed that façade types are generally not suitable 
within the framework of initial investment cost eligibility. It is 
seen to high costs arise especially when compared with 
traditional façade design methods. However, within the 
framework of the building life cycle, cost-benefit analysis 
should be arranged according to energy use analysis. It was 
deemed appropriate to consider the initial investment costs as 
a whole within the framework of future costs and to make 
efficiency analysis. 

 
 

Table 3. Analysis of different façade systems selected as sample group (Author, 2020) 

Samples of  
Different 

Façade  
Systems 

Passive Systems  

Active 
Systems 

Noise 
Control 

Recycle 
Opportunity  

Initial 
Investment 

Cost 
Eligibility 

Thermal Control 
Lighting 
Control 

Indoor  
Air Quality 

Control 
(IAQ) 

Reduce of 
Heat Loss 

Reduce of 
Overheating 

(DSF-1) + + + + - + + - 

(DSF-2) - - - + + - + + 

(AF-1) + + + + + Variable + - 

(AF-2) - + + + + Variable + - 

(PF-1) + + + - + - + - 

(PF-2) + + + - + + + - 

(VGF-1) + + + + - + + + 

(VGF-2) + + + + - + + + 

(MF-1) + Variable + - + Variable + - 

(MF-2) + Variable + + - Variable + - 

(SMF-1) + + + + + - + - 

(SMF-2) - + + + + - + - 
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Within the scope of the study, two different facade designs from 
each facade alternative in different climatic zones were considered 
and evaluated. However, the increase in sample numbers for 
future studies, changing climate scenarios and creating unique 
uses in different projects may differ in the use of façade 
alternatives in energy efficient building design strategies. In the 
light of climatic data, the basic requirement is that the façade 
design, which will be used in the creation of indoor comfort 
conditions, is designed and applied with high performance and 
smart façade systems. 
 

6.  Conclusion  
 
Today, the need for clean and renewable energy is increasing day 
by day in order to increase the use of energy in buildings and to 
improve user comfort conditions. In this context, it has important 
tasks in providing indoor comfort requirement to the building 
envelope. It is expected that the building envelope will be 
designed to respond to outdoor environmental conditions 
(climatic data). Façade systems, especially as a building envelope, 
must be able to provide appropriate performance conditions at 
different times of the year. In energy efficient building designs, 
façade systems should be able to balance changing climatic 
conditions and user requirements and minimize energy 
consumption. 

 
Different façade systems are being built with the recently 
developed technology and building materials. Double skin 
façades, adaptive façades, photovoltaic panel façades, vertical 
green façades, media façades and structural membrane façades are 
the main types of façade construction systems. Façades that offer 
different design and application possibilities are considered within 
the framework of suggestions that create energy efficient building 
design. The use of different façade construction systems provides 
the design to be created according to climatic data. Within the 
framework of energy efficiency; balancing heat losses and gains, 
preventing overheating, provide daylight control, increasing 
indoor air quality, developing active and mechanical solutions 
sensitive to climate are qualities that can be applied within the 
context of different façade systems. Moreover, providing noise 
control from different façade construction systems and the 
possibility of using recyclable materials increases the use of façade 
systems. It is known that the initial investment costs of different 
façade systems are generally high. However, in the building life 
cycle, it is necessary to make cost-benefit analyses of energy 
efficiency and to develop solutions according to the results. 
Energy efficient design, which is directly related to the building 
material and building system, can be created with active-passive 
solutions in different façade systems. The use of integrated 
systems for different façade systems to create climate sensitivity 
and indoor comfort conditions is important for active and passive 
systems to apply together to achieve a high performance façade. It 
is necessary to design façades that can respond to appropriate 
climatic conditions with the guidance of experts and façade 
consultants in the process of building and application the façade 
design system. 
 
Energy efficient building design strategies, which are developing 
rapidly in the field of architecture in our country and in the 

world, are created by selecting materials that provide energy 
efficiency, high performance, recyclable materials and which are 
less harmful to the environment for designers. The construction 
of façade systems, which should be considered within the 
framework of sustainable architecture, helps the transfer of the 
three most basic concepts of architecture (stability, utility, 
beauty) to future generations. It is expected to create energy 
efficiency by designing facade systems according to the 
requirements of different interior and exterior environment 
created according to changing climatic conditions. Increasing the 
samples selected from different climate zones, differentiation of 
regional climate scenarios, changing climate data on a global scale 
and creating different designs specific to the buildings can show 
different approaches in defining and interpreting energy efficient 
facade systems. For future studies, researches are proposed on the 
design and implementation of energy efficient facade systems 
according to the changing climate scenarios on a regional and 
global scale, and their ability to respond to different performance 
criteria based on building usage class. In the future, it is a 
necessity and an indispensable design concept to design original 
and different facade systems in accordance with energy efficient 
design strategies, to create a sustainable world life and to provide 
values suitable for user comfort conditions. 
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