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The Features of the Sustainable Facade Category

N. Rahimi, C. Cucuzzella, and A. Soulikias

Abstract— There is nothing more visible and recognizable among
a building's elements than its facade, which serves as the principle
communicator of that building’s identity and, over time, can even
occupy a place in the public’s collective memory. The characteristics
of any given facade can directly impact the building's surroundings
and environment. In recognition of the importance of appropriate
facade design and in order to enable a clearer understanding of its
elements today, the authors in "The Evolution of the Architectural
Facade since 1950: A Contemporary Categorization" categorized
different types of contemporary facade design and identified their
main features. In this paper, we want to focus on one sub-category
among the fagade categories defined by Cucuzzella et al.: the
Sustainable Fagade Category.

In this paper, we wish to describe the characteristics of this fagade
category and identify the materials and technology employed. We will
also present some case studies from this category to help understand
the types of features used and their impact over time.

Key Words— Buildings, Environmental
Categorization, Sustainable Facade, Sustainability

Design, Facade

I. INTRODUCTION

Building fagades are crucial for energy and environmental
efficiency from an engineering perspective. The development
of sustainable facades is essential for harmonizing the
relationship between humans and nature [1].

According to UN-Habitat information, cities use 78% of the
energy worldwide [2], and building contributes about 40% of it.
Buildings are an important sector that can reduce energy use
and associated emissions, and their most influential part is the
facade [3]. There are even more negative impacts of the
buildings on the environment, which can be reduced by
appropriate changes in fagade design. It is sustainable facades
that are responsible for minimizing these negative impacts.

Based on the categorization provided by Cucuzzella et al.
(2022), a sustainable facade is introduced as a sub-category of
the Environmental facade [4], which we will discuss in this
paper. This category of facades combines efficiency and
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moderation with materials, energy, space, and the ecosystem as
a whole, with the goal of minimizing negative environmental
impacts [5]. Sustainable architecture aims to achieve energy
efficiency throughout the lifecycle of a building [4].

The concept of high-performance, sustainable facades refers
to exterior enclosures that use as little energy as possible while
maintaining a healthy and productive interior environment for
building occupants [6]. The role of a sustainable facade is not
just to be a barrier between interior and exterior, but it is also a
building system which responds to the external environment
and significantly impacts the reduction of the building's energy
consumption.

This paper's methodology will be based on the literature
review of different studies related to the topic. We will study
different types of sustainable fagade, then conclude a
classification for that. We will also describe each
sub-category's characteristics and their effectiveness on interior
quality and building energy. The main goal of this paper is to
classify and introduce different ways to increase sustainability
in building facades. Obviously, there are more ways to do that,
but our focus is just on facades.

METHODOLOGY

In this part, based on the literature review on different types
of sustainable facade, classification of this type is provided,
refer to Error! Reference source not found.. In this
classification, sustainable facade is divided into five main
categories: Smart Skin, Kinetic Fagades, Vertical Greenery,
Solar Fagade, and Double Skin Fagade. The characteristic of
each category and the materials and techniques used on them is
described here. Please note that these five categories might not
cover all kinds of materials and techniques used in sustainable
facade, but these are the most important ones in case of
sustainability and building energy saving.

MATERIALS AND TECHNIQUES
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Fig. 1. Categorization of Sustainable Facade

A. Smart Skin

In recent years, smart materials have gained a lot of attention
in scientific research, especially in engineering and industrial
applications, as well as in architectural applications. The main

difference between traditional and smart materials was noted
by Lopez et al. (2017) that the former was homogeneous in
composition and reacted to external influences, while the latter

responds to external stimuli in order to control temperature
changes or solar radiation, such as electrochromic glass in

curtain walls, windows, shading devices, and more [7]. These
three types below are just examples of critical types of smart

materials in facades.
1) Daylight Control:

This type is dependent on smart materials, and it controls the
brightness level of indoor distribution and glare [8]. Smart
Energy Glass (SEG) is a type of smart material that uses a
polymer coating placed between two glass layers to change the
optical properties when an external voltage is applied [9].
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2) Heat Gain Control

By controlling solar heating in interior spaces, we can
increase solar heating during winter and reduce solar gain
during summer [10]. When the building facade is covered with
heat gain louvers, the inside solar heat gain will be reduced by a
management system which is responsible for controlling heat
gain, ventilation, and daylighting [11].

3) Noise Control

Sound Absorbing shading devices on a building's fagcade can
provide a better acoustic design for fagades [10]. The
Sonomorph unit is one of those devices that include an
aluminum outer panel and a glass-reinforced plastic inner
panel. A net of steel wires is attached to each unit containing
the required hardware and sensors [10].

B. Kinetic Facades

A kinetic fagade involves the use of geometric transitions to
generate movement in space. As a result of this motion or
movement, the fagade's physical appearance, as well as material
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properties, change without affecting the building's structure [8].
A kinetic facade maximizes the energy efficiency of buildings
while adapting fully to climate change, providing maximum
comfort to the occupants [8]. A responsive kinetic fagade is the
best HPF for improving indoor air quality since it incorporates
most of the other facade's advantages, especially its variety of
shapes and designs [10].

There are many classifications regarding the Responsive
Kinetic Facade types. Moloney (2011) divided geometric
transformation systems of kinetic facades into four types [12]:

eRotation: move around one or more axis.
eScaling: contraction or expansion

e

eTranslation: movement along with the direction of
a vector.

eMaterial Deformation: Depending on the type of
materials, the form can change.

A comprehensive categorization of these types, along with
their sub-categories, is proposed according to pattern shape,
skin form and fagade material, refer to Error! Reference
source not found..
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Fig.3. Categorization of Kinetic Facades Based on Their Pattern Shape, Skin Form and Facade Material [5].

C. Vertical Greenery

Urbanization and population growth have reduced the
amount of green space in cities, affecting some of the city's
livability. Another consequence of urbanization is the increase
in heat generated from cities, known as urban heat islands
(UHI). A vertical greenery system (VGS) can be used to retrofit
passive cooling to an existing building when installing other
heating and cooling options is too expensive and
time-consuming [13].

Typically, traditional green facades are made from creeping
plants that climb up a building's fagade with the support of its
wall material. A simple support system attachable to the wall is
usually used to support climbing plants in these systems [14].
Vertical greenery on a building can be green plants on facades
or farming plants can be used. In this part, our focus is just on
typical greenery, not farming on facades.
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The impact of greenery on the facade on the energy
efficiency of the building is considerable. Kéhler's study (2008)
of a traditional green facade in Berlin showed that Ivy green
facades (Hereda helix) could produce temperature differences
up to 3 <=C on cold winter nights (insulation effect) and 3 :C in
summer (thermal resistance) [15]

Vertical greenery systems can be divided into four
categories: Near-Wall Planting, Green Facade (GF), Living
Wall Systems (LWS), and linear greenery, refer to Error!
Reference source not found.. These categories differ
primarily in their root systems, plant species, irrigation
systems, and the space between vegetation and facades [16].
Green Facade also divided into two categories: direct and
indirect. In direct facades, plants adhere directly to the surface
of the wall, but in indirect facades, the vegetation layer is
supported by a supporting structure [16].
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Figure 4. classification of green walls, according to their construction characteristics [13], [16]

D. Solar Fagades

The sun provides an abundance of energy to the earth, so it is
essential to take into account how sunlight impacts facades.
Researchers are focusing on ways to manage sunlight in
buildings, and properly designed facades can work as a bridge
between the built and natural environments [6]. Building
facades can be divided into two parts based on their

engineering and Design: solids and voids [18]. Solid structural
elements, such as solid walls, for instance, are thick, heavy,
stable, and visually opaque, while void structural elements,
such as glass, windows, and doors, are lightweight and visually
transparent [18]. Due to the solid and void components of
building facades, solar facades can be categorized into two
types: opaque and semi-transparent. A categorization of these
types, along with their sub-categories, is proposed (Error!
Reference source not found.).
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Figure 5. classification of solar fagades [4], [18].

E. Double Skin Facades (DSF)

Adapting the thermal properties of buildings with multi-skin
ventilated facades with integrated building elements that
respond to climatic conditions (automatic shading and
automatic opening) can result in improved annual energy
savings [19]. Double skin fagade (DSF) was first introduced by
Le Corbusier in the early 1900s [20].

A double-skin fagade consists of three skins: an external skin
(usually glass), an intermediate space and an internal skin (also
usually glass) [21]. By evacuating solar radiation absorbed
through the glazing envelope, the DSF concept enhances
ventilation within the building [22]. Therefore, the energy
consumption of cooling and heating demand will be minimized.

The ventilated facade is most suitable in climates with hot
summers and orientations that receive direct sunlight. This heat
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dissipation through the ventilated chamber represents a
significant energy saving for air conditioning systems under
these conditions, as solar radiation can raise the surface
temperature by 60 degrees Celsius [20]. It is possible, in certain
cases and only during cold periods, to introduce heated air from
the cavity into the building in order to reduce heat losses caused
by ventilation [20].

The addition of the conventional system to the building
envelope can improve the energy and comfort performance of
the building. In warm months, building envelopes can reduce
energy losses, while energy gains can be dramatically increased
in cold months, and the building's indoor temperature can
decrease (summer season) or increase (winter season) in
comparison to conventional systems [20]. Different types of
DSF are illustrated in Error! Reference source not found..



18th PARIS International Conference on Design, Architecture, Materials & Nanotechnology (PDAMN-23) April 17-19, 2023 Paris, France

Ventilated

| } l

! | !

[ Box-Window Corridor Shaft-Box

Multi-Story

Internal [ External ]

I

! |

s

Figure 6. Classification of DSF

IV. CONCLUSION

To solve practical problems in building designs and support
robust decision-making, sustainable Design requires not only
interdisciplinary knowledge but also the application of
multidisciplinary tools and techniques. The research presented
in this article aimed to gather information about all kinds of
sustainability in fagades, categorize them and provide technical
details for each of them. Furthermore, the impact of each
category on the energy efficiency of the building was
discussed.

In general, the use of all these types of sustainable facade can
be beneficial for the thermal comfort and energy efficiency of
the building. Furthermore, it can reduce the negative impact on
the environment, and third, in some cases, increase livability in
the city.
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