Double-Skin Fagade Systems — Concept, Logic and Evolutionary Development
1. What Is a Double-Skin Fagade?

A double-skin facade is a specialized facade architecture formed by two separate exterior layers,
spaced apart at a defined distance, with the intermediate cavity functioning as an “air channel.” This
structure represents an advanced solution increasingly preferred in modern buildings to achieve
energy efficiency, natural ventilation, and improved indoor environmental comfort.

In simple terms, it can be imagined as a continuous winter garden stretched across the entire facade
of a building—yet the purpose here is not horticulture but the enhancement of the building’s energy
performance. The air cavity between the inner and outer skins is actively controlled to adapt to
varying climatic conditions throughout the year.

2. The Role of Double-Skin Structures in the Evolution of Fagcade Technology

As building materials have evolved, architectural facade solutions have undergone significant
transformation. With the expansion of industrial production, large-span glazing became widely
accessible, and glass was no longer limited to window openings but began to serve as a primary
cladding material for the entire exterior.

This transformation led to the emergence of lightweight fagade systems commonly known as “curtain
walls.” The key characteristics of curtain wall fagades include:

o Alightweight exterior surface that does not carry structural loads

Transfer of self-weight and wind loads to the primary structural frame

Functioning as a filter between interior and exterior environments

Determining the building envelope’s performance against heat, moisture, sound, and
weather

Although glass-dominant facades provided architectural freedom, they also introduced new
challenges—especially increased heat losses and solar gains, which led to higher energy
consumption.

3. Post-Energy Crisis Developments: The Emergence of the Double-Skin Fagade

Beginning in the 1970s, energy efficiency became a central design parameter. Heat losses caused by
single-layer glass facades reached unacceptable levels, prompting a redefinition of facade
performance expectations:

e Control of thermal loads

Passive utilization of solar energy

Possibility of natural ventilation

Improved indoor comfort

Reduced reliance on mechanical HVAC systems



The double-skin facade system emerged precisely as a response to these requirements. What
differentiates it from conventional facades is the active, integrated operation of the building envelope
and the mechanical ventilation system.

4. Operating Principle of Double-Skin Fagades

The cavity between the two layers can be either directly connected to the outdoor air or controlled
through adjustable openings. This cavity:

e Expels rising hot air through stack (chimney) effect during summer
e Acts as a thermal buffer by retaining solar-heated air during winter

Double-skin facades are therefore dynamic systems, capable of shifting between different
operational modes throughout the year.

Winter Mode
e Exterior vents remain closed
e A warm air buffer zone forms between the inner and outer skins
e Solar radiation heats the cavity air
e This stored heat reduces the interior heating demand
Summer Mode
e Exterior vents open
e Inner skin remains closed
e Warm air in the cavity rises and is expelled, preventing heat infiltration
e Unwanted heat is removed before entering the building

Successful performance requires coordinated design of the facade, HVAC system, and natural airflow
strategies. Otherwise, the system may not yield the expected results.

For this reason, advanced simulation tools such as CFD (Computational Fluid Dynamics) are
employed to analyze airflow patterns, temperature variations, and density distribution in three
dimensions.

5. Advantages of Double-Skin Facades

e Effective Acoustic Insulation:
The air cavity acts as a natural sound barrier in noisy urban or high-wind environments.

e Natural Ventilation:
Operable vents allow controlled airflow, reducing dependency on mechanical HVAC for a
significant portion of the day.



Energy Savings:
Controlled solar heat gains and reduced cooling loads through stack ventilation contribute to
lower total energy consumption.

Protective Outer Shell:
The exterior skin shields the building from wind, rain, and UV exposure.

Transparent Architectural Expression:
High glazing ratios support modern architectural aesthetics.

Operable Windows on High Floors:
The outer skin reduces wind pressure, enabling safe window operation even at elevated
building levels.

6. Challenges and Limitations

High Initial Investment:
The dual-skin configuration increases fagade area and incorporated mechanical components.

Risk of Overheating:
Insufficient design or poor airflow control may lead to excessive cavity temperatures.

Limited Night Cooling:
In hot climates, natural cooling strategies alone may be inadequate.

Restricted Performance Data:
Because global implementation is still relatively limited, long-term measured performance
data remain scarce, creating uncertainty for designers and investors.

7. Importance of Climate-Specific Design

A double-skin facade cannot be implemented identically in every climate. Each climate zone demands
its own operational logic:

Cold climates: Focus on closed-mode operation to enhance heat retention and reduce heat
loss

Hot—humid climates: Systems prioritizing shading and accelerated airflow

Hot—dry climates: Designs emphasizing night-time natural cooling and stack-effect strategies

Therefore, the first step in system design must always be a detailed local climate analysis.

Classification of Double-Skin Fagade Systems

Double-skin facade systems have become essential components of high-performance building
envelopes, offering solutions that adapt to climatic variations, support natural ventilation, optimize
solar control, and reduce energy consumption. Through controlled airflow between the two layers,
the building requires less energy for heating, cooling, and lighting. For this reason, double-skin
facades are widely recognized as an “energy management tool” in contemporary facade design.



The general concept of facades can be categorized into three primary groups based on the number of
layers:

1. Single-skin fagcades
2. Double-skin fagades

3. Climate atria (conditioned intermediate spaces)

1. Single-Skin Curtain Wall Fagades

A single-skin facade consists of one exterior layer separating the indoor space from the outdoor
environment. It has long been a fundamental component of modern architecture. Due to its glass-
dominant design—resulting in increased solar radiation and thermal transfer—additional strategies
are required to achieve effective energy management.

To enhance the performance of such systems, the following solutions are typically integrated:
e Shading devices mounted internally, externally, or within insulated glazing units
e Operable vents enabling natural ventilation
e Smart glazing applications that control daylight penetration

Shading elements regulate the amount of solar radiation entering the space; operable vents enhance
natural airflow and improve indoor comfort. The primary advantage of single-skin systems is their
simplicity and low initial investment cost. However, their ability to control heat loss and solar gain
remains limited compared to double-skin solutions.

2. Double-Skin Curtain Wall Fagade Systems
A double-skin facade consists of three main components:
e  Outer skin: Provides protection against wind, rain, and external noise
e Inner skin: The main barrier for thermal and acoustic insulation
¢ Intermediate cavity: The buffer zone where controlled air movement occurs

This configuration acts as a dynamic filter between the external environment and the building
envelope. Air rises and moves freely within the cavity, enabling natural ventilation.

2.1. Airflow and the Function of the Cavity

Air movement within the cavity is primarily driven by two mechanisms:
e Buoyancy resulting from heated air rising
e Pressure differentials created by wind

This airflow contributes to passive cooling during summer evenings and reduces heat loss in winter by
functioning as a thermal buffer.

2.2. Solar Control



Shading devices placed inside the cavity:
e Are protected from outdoor weather conditions, reducing soiling and material degradation
e Minimize overheating by reflecting or diffusing solar radiation
e Contribute to more stable indoor temperatures

Their impact is particularly significant during the summer season, as solar radiation is managed
before reaching the occupied space, thereby reducing cooling loads.

2.3. Application in High-Rise Buildings

In regions with strong wind loads, opening windows on upper floors can pose safety risks. Since the
outer skin of a double-skin facade absorbs a significant portion of wind pressure, operable windows
located on the inner skin can be used safely—even at great heights—greatly enhancing user comfort.

2.4. Renovation of Existing Buildings

Applying a double-skin facade strategy to aging or underperforming building envelopes not only
improves energy performance but also provides a renewed architectural identity.

3. Seasonal Operation: Summer and Winter Performance
3.1. Summer Conditions

During summer, the primary objective is to prevent heat from entering the interior spaces.
Accordingly:

e Openings on the outer skin are kept open

e Warm air rises within the cavity and is expelled
e Theinner skin remains cooler

e Cooling demand decreases

Shading devices are positioned to block direct solar radiation from reaching the interior.
Simultaneously, airflow within the cavity prevents these devices from overheating.

3.2. Winter Conditions

During winter, the goal is to retain as much heat as possible within the cavity. Therefore:
e Vents on the outer skin remain closed
e The cavity functions as an insulated buffer zone
e Sun-heated air reduces heat loss through the inner skin

In certain cases, operable windows on the inner skin are strategically opened to transfer a controlled
portion of heated indoor air into the cavity. This air can later be redirected back into the mechanical
ventilation system.

4. Types of Ventilation

Ventilation in double-skin facade systems can operate according to three fundamental principles:



4.1. Natural Ventilation

Air drawn from the exterior enters the cavity, warms up, rises due to buoyancy, and exits through the
upper openings. This method is:

e Energy-free

e Simple

o User-friendly
and represents one of the most efficient passive strategies.
4.2. Mechanical Ventilation

At lower levels, indoor air is extracted into the cavity, where it warms up and is then transferred to
the building’s ventilation system. During summer, mechanical ventilation may also be used to reduce
the temperature of shading devices.

4.3. Hybrid Ventilation

Mechanical assistance is employed only when natural ventilation becomes insufficient. The primary
mode of operation is natural ventilation, while mechanical systems play a supplementary role.

5. Airflow Typologies in Double-Skin Fagades
Depending on the airflow configuration, double-skin facades can be classified into five main groups:

1. Airdrawn from the exterior enters through the lower openings, rises within the cavity, and
is exhausted outside.
-> Reduces heating of the inner skin and lowers heat transfer to interior spaces.

2. Indoor air is extracted into the cavity, rises upward, and is reintroduced into the interior.
- Provides heat recovery during winter.

3. Outdoor air is drawn into the cavity, heated, and supplied to the interior.
—> Delivers preheated fresh air, contributing to energy savings.

4. Indoor air is extracted into the cavity, rises, and is exhausted outdoors.
—> Functions as an effective ventilation method.

5. When all openings are closed, air movement is stopped and the cavity acts as a buffer zone.
- Minimizes heat losses.

6. Types of Double-Skin Fagades

Double-skin facade systems can be categorized into four groups based on their physical configuration:
1. Box windows
2. Storey-height double-skin facades
3. Full-building-height double-skin facades

4. Shaft facades



6.1. Box Windows

Box windows are among the earliest applications of double-skin fagade design. The basic principle is
as follows:

e Asecond glazing layer is installed in front of the existing window
e A cavity of approximately 200—400 mm is created between the two layers

e This cavity is confined to the window’s own boundaries and does not connect to adjacent
units above or beside it

Thanks to this independent configuration:

e Transfer of noise and odors between rooms is prevented

Acoustic performance is significantly improved

Shading devices can be placed within the cavity

The outer layer can be designed to open for cleaning
e Airinlet and outlet openings at the top and bottom can be user-controlled

The most defining characteristic of box windows is their ability to offer localized control, enabling
each unit to establish its own microclimatic environment.

Shaft Fagades

Shaft facade systems lie between box windows and storey/full-height double-skin facades,
functioning as a hybrid typology. The distinguishing feature is the incorporation of a continuous
vertical shaft extending along the facade.

In this system:
e Each floor contains a box-type double-skin module in front of the windows

e These modules are connected to a vertical shaft (chimney) that runs along the height of the
building

e Air entering from the exterior first flows into the box cavity, warms up, rises, and is
transferred through openings into the vertical shaft

e Warm air continues rising within the shaft and is exhausted at roof level

This configuration creates a strong stack effect, driven by the rising warm air. The buoyancy forces
within the shaft support stable natural ventilation even at the lowest floors. Even when exterior wind
speeds are minimal, temperature differences within the shaft generate continuous airflow.

Considerations in Shaft Fagade Design

When deciding to implement a shaft facade system, each building must be evaluated individually. The
following parameters require detailed analysis:

e Dominant wind direction and wind intensity in the region



e Building height
e Facade orientation
e Functional program (office, residential, mixed-use, etc.)
As the number of floors and overall height increase:
e Controlling airflow within the shaft becomes more challenging
e Air velocity on upper floors may exceed desirable limits
e Additional design and operational precautions are required

Therefore, in very tall buildings, the use of shaft facades is considered appropriate only when
supported by comprehensive aerodynamic studies and advanced simulation analyses.

Climate Atria, Winter Gardens, and Atriums

The double-skin fagade concept does not need to be limited to a narrow cavity. In certain
architectural strategies, the distance between the two fagade layers is intentionally enlarged,
transforming the intermediate space into:

e A winter garden

e Anatrium

e Aclimate hall
Such spaces:

e Function as buffer zones in front of the exterior facade

Reduce heat losses during winter

Provide passive solar gains during sunny periods

Can be integrated into natural ventilation strategies
e Add spatial and social value for building users

In cases where the fagade is not oriented toward the north and receives a reasonable level of solar
radiation, these large intermediate spaces can significantly enhance both energy performance and
spatial comfort.

Framework for the Application of Double-Skin Fagade Systems in Tiirkiye

Double-skin facades generally involve high initial investment costs. For this reason, they are not
commonly applied in standard projects but are instead preferred in specific high-value or
performance-oriented developments. In the context of Tiirkiye, such systems are particularly used in:

e High-rise mixed-use buildings (residential + commercial + social functions)
e large-scale public buildings

e  Municipal or administrative buildings



e Judicial, service, or government complexes
e Projects targeting energy efficiency and environmental certification
In these project types, double-skin facades are typically implemented to achieve the following goals:
e Passive climate-control strategies (natural ventilation, solar control, buffer-zone effects)
e Maximizing the use of natural daylight
e Reducing heating and cooling loads by controlling solar heat gains

e Earning points for green building certifications (energy, daylight, materials, water
management, etc.)

e Noise mitigation in facades facing high-traffic corridors
o Safe natural ventilation at high elevations through operable inner windows
Example Applications

¢ In a high-rise mixed-use tower:
A double-skin facade was applied to both residential and commercial units, featuring:

o A continuous outer glass shell
o User-controlled operable inner windows
o Sky gardens, terraces, and green pockets integrated between the two skins
This design aimed to deliver a “garden-home experience” even on upper floors.
e In alarge judicial or public complex:
o Interior courtyards and gardens were used to bring natural light deep into the plan
o Operable windows supported natural ventilation

o Vertical circulation was designed to manage the heavy foot traffic typical of
courthouse buildings

o The outer shell featured modern glass surfaces, while the interior incorporated
architectural elements reminiscent of traditional Turkish design, such as courtyards,
porticos, and inner gardens

¢ In an environmentally responsible administrative or office building:
The design combined:

o A double-skin facade
o Gallery-type interior voids
o Green-roof applications
o Recyclable material selections
Together, these strategies targeted green-building certification and earned international recognition.

Common Characteristic of These Examples



In all cases, the double-skin facade is not treated merely as an aesthetic glass covering but as an
active component of the building’s energy, comfort, and sustainability strategy.

3. THE ROLE OF SOLAR RADIATION IN DOUBLE-SKIN FACADE SYSTEMS

In architectural design, climate is not merely a matter of temperature or wind; it is a multi-
dimensional context shaped by daylight, heat, humidity, and airflow acting together. Solar radiation
creates a continuous exchange of heat between interior and exterior environments through building
elements such as windows, walls, and roofs. This exchange manifests as:

e Excessive surface heating
e Localized condensation or moisture accumulation
e Heat loss during certain periods

all of which directly affect indoor comfort conditions. Every kilowatt-hour spent to restore indoor
comfort is essentially the cost of a poorly designed building envelope.

For this reason, the following must be aligned with climatic data:
e Selection of envelope materials
e Form and massing of the building
e Facade orientation
e Ratio of transparent to opaque surfaces

These parameters form the backbone of climate-responsive, energy-efficient design. Here, passive
systems play a crucial role: their purpose is not to make the building fight against climate, but to
make the climate work in its favor.

Double-skin facades represent an advanced version of this philosophy, bringing together natural
ventilation, solar control, heat gain, and daylighting within a unified design strategy.

3.1 Sunlight, Daylight, and Architecture

The sun is the primary source of life and, in architecture, it represents both light and heat. Daylight
does more than illuminate interior spaces; it shapes the perception of surfaces, affects psychological
well-being, and marks the passage of time through shadow patterns.

Between spaces lit solely by artificial lighting and spaces with balanced daylight, significant
differences arise in terms of:

e User comfort
e  Productivity
e Errorrates
e Perceived spatial quality
For this reason, modern architecture increasingly incorporates:

e Highly transparent facades that maximize daylight penetration



e Atriums that distribute daylight deeper into building interiors
e Roof lights and daylighting tubes
3.1.1 Objectives of Daylighting Systems
Daylighting-based lighting strategies aim to:
e Control unwanted heat gains during summer
e Balance brightness levels without fully darkening the room
e Improve the distribution of light within interior spaces
e Reduce the operating hours of artificial lighting
e Indirectly lower the need for mechanical ventilation and HVAC
With well-designed daylighting:
e Productivity increases in workspaces
e Learning performance improves in educational buildings
e Error and accident rates decrease

Daylight is therefore a central variable in both energy-conscious and human-centered architectural
design.

3.2 Architectural Uses of Solar Energy

Solar energy is the most widely utilized renewable energy source in buildings. It can serve multiple
architectural and engineering purposes, such as:

e Reducing heating and cooling loads

e Domestic hot-water production and pool heating

e Combined heat + power generation in large-scale campuses

e Supporting daytime/nighttime lighting systems

e Acting as an energy source for specific mechanical processes
Architectural use of solar energy can be categorized into three main groups:
1. Passive Solar Systems

e South-oriented glazing surfaces

e Winter gardens

e Heat-storing wall and roof systems
2. Active Solar Systems

e Liquid or air-based heating systems using solar collectors

3. Photovoltaic (PV) Systems



e Electricity generation through solar cells
e Integration of PV modules into facades, roofs, parapets, balustrades, or sun-shading devices

When these three layers are properly coordinated, the building is transformed from a mere consumer
of energy into an envelope that can produce energy.

3.3 Advantages of Solar Energy
The major advantages of solar energy include:
e Itis abundant and inexhaustible, largely unaffected by geopolitical risks or fuel logistics

e Itis clean, producing no pollutants such as combustion by-products, smoke, gas, particulates,
sulfur, or radiation

e Itislocal; wherever sunlight exists, energy potential exists, with no transport costs
e |tis scalable—from small residential applications to large campus-scale systems

e Maintenance and operating costs are low, especially for PV modules and basic passive
systems, which contain few moving parts

Consequently, solar energy—particularly photovoltaic electricity generation—has become one of the
fastest-growing energy technologies worldwide.

3.4 Limitations and Challenges of Solar Energy

Despite its benefits, solar energy also has practical limitations:
e The intensity of solar radiation is relatively low; large surface areas are required
e Solar availability fluctuates daily and seasonally, requiring storage solutions

e Peak energy demand periods (such as nighttime or cloudy winter days) often do not coincide
with peak solar supply

e Storage systems (batteries, thermal storage, phase-change materials) add cost and
complexity

e |nitial investment is still high in some regions

e Efficient solar exposure requires unobstructed surfaces, which may not always be possible in
dense urban fabrics

Therefore, solar energy is not a miraculous standalone solution; it is a critical component of well-
designed hybrid energy strategies.

3.5 Parameters Affecting Inner Surface Temperature in Double-Skin Fagades

The temperature of the interior-facing glass and opaque components in a double-skin facade results
from the combined effect of several parameters grouped into three main categories:



1. External Environmental Conditions

e Qutdoor air temperature

e Wind speed and direction

e Intensity and angle of solar radiation
These factors determine the total thermal load incident on the facade.
2. Internal Environmental and Usage Conditions

e Indoor air temperature influenced by HVAC systems, occupant density, and internal heat
gains

e Indoor air velocity and ventilation type (natural, mechanical, hybrid)
e Relative humidity levels
e Heating system operation mode (continuous or intermittent)
e Heat losses caused by air leakage
3. Characteristics of Double-Skin Fagade Components
Transparency Ratio
e Ratio of glazing to opaque surface
Glazing Unit
e Number of layers, thickness, and coating properties (solar control, Low-E, etc.)
e Transmission, reflection, and absorption coefficients
e Thermal transmittance (U-value)
e Size and configuration of vents or openings
Cavity
e Cavity width
e Gas type (air, argon, etc.)
e Airflow rate (natural or mechanical)
Framing System
e Material type (aluminum, wood, composite)
e Thermal transmittance
e Section dimensions
Solar Control Devices
e Type (venetian blinds, perforated panels, shutters, fixed shading devices, etc.)

e Position within the cavity (inner-side, outer-side, mid-cavity)



e Orientation (horizontal/vertical, fixed/movable)
e Reflective/absorptive properties and adjustability
Opaque Components
e Material layers (stone wool, concrete, metal panels, etc.)
e Thermal conductivity and thermal mass characteristics
e Total thickness and radiative properties of interior/exterior surfaces

Additionally, the building’s total massing, number of floors, floor height, and plan depth also
influence fagade performance. A double-skin facade is never “just a fagade”; it must be considered
together with the entire building geometry.

3.6 Double-Skin Fagades and the Architectural Importance of Solar Radiation
Double-skin facade systems manage solar radiation on two interconnected levels:

1. Visual comfort and daylighting:
Natural lighting is provided through windows and the cavity, while glare is controlled through
shading devices and the optical properties of glass.

2. Thermal comfort and energy performance:
Solar heat can be retained, redirected, or expelled within the cavity. In this way, solar gains
are harnessed during winter and overheating is controlled during summer.

In this context, the double-skin facade acts as an interface that can:
e Not only admit solar energy,
e But also reflect, store, delay, or remove it when necessary.

Many solar-related systems—passive strategies, active collectors, photovoltaic fagades, and solar-
control glazing—when integrated into architecture, transform the facade into both an energy device
and a spatial filter.

3.7 Saving with the Sun: The Designer’s Role

Thermal insulation alone is not sufficient for energy-efficient design. Especially in climates where
cooling loads in summer are also significant, the following parameters become critical design
decisions:

e Orientation of windows

e Ratio of glazed to opaque surfaces

e Use of external shading devices

e Cavity width and ventilation type in double-skin facades

The designer must be familiar with standards and calculation methods that quantify solar heat gains
and losses, and must shape facade details in accordance with these data.

In passive systems:



o Direct gain:
Solar radiation is admitted directly into the interior (south-facing windows, roof lights, saw-
tooth roofs, etc.).

e Indirect gain:
Energy is stored and then transferred to interior spaces via intermediate zones such as buffer
spaces, thermal storage walls, and winter gardens.

In active systems:

e Photovoltaic panels can be integrated into roofs, fagades, parapets, balustrades, or used as
shading devices.
In this configuration, the fagade becomes a surface that simultaneously provides shading and
generates electricity.

In glazing materials:
e Solar-control glass
e Low-E coated glass
e Tinted or climate-responsive glazing

can be used to achieve a selective radiative behavior. Where once only blinds, shutters, and venetian
systems were responsible for solar control, today the glass itself can perform a substantial part of this
function.

4. DOUBLE-SKIN FACADE DESIGN UNDER DIFFERENT CLIMATIC CONDITIONS

Before evaluating the energy performance of a building, a climate-based preliminary analysis is
essential. For sensitive systems such as double-skin facades, this is not a luxury but a necessity.

This preliminary work has two main components:

1. Understanding the external environment:
o Regional climate type
o Temperature distribution
o Solar radiation
o Wind regime

2. Correctly defining the building:
o Building form and orientation
o Occupancy type (residential, office, mixed-use, educational, etc.)
o Operating hours and occupancy density
o Facade proportions and transparent—opaque distribution

Double-skin fagade design becomes meaningful at the intersection of these two data sets.



4.1 Determining Climate Data and Its Importance
Following the energy crises, one core question has shaped building design:
“How can | operate this building with less energy?”
The answer begins by translating climate into numerical data. In practice, this requires:
e Long-term
e Hourly, or at least finely time-resolved
e Representative climate data sets
These typically include parameters such as:
e Qutdoor air temperature
e Solar radiation
¢ Wind speed and direction
Dynamic building energy simulation tools are designed to work precisely with this type of data.

Such “typical year” files are generated by statistically processing long-term meteorological records,
with the aim of producing a representative climate year that closely reflects real conditions.

4.1.1 Relationship Between Orientation and Solar Radiation

From the perspective of solar design, the fundamental strategy is straightforward:
e In winter: Capture as much solar radiation as possible.
e In summer: Protect against excessive solar gains.

As general principles:
e South-facing facades provide higher solar gains during winter.

e East and west facades are more difficult to control in summer due to low-angle morning and
evening sun.

e Horizontal surfaces (roofs, etc.) are exposed to the highest solar loads in summer.
These conditions imply that:
e On east—west facades, shading devices and solar protection become critical.

e On south facades, double-skin systems can be configured to retain beneficial solar gains in
winter while expelling excess heat in summer.

e Roof surfaces are prime candidates for solar collectors or PV systems; however, associated
thermal loads increase accordingly.

4.1.2 Glazed Fagades, Thermal Loads, and the Need for Double-Skin Systems



The architectural appeal of highly glazed facades often results in increased heating and cooling loads.
High transparency means:

e Greater solar heat gains
e Stronger exposure to external climatic conditions
e Higher cooling loads during the cooling season
At this point, the double-skin facade becomes a powerful tool by providing:
e Acontrolled air zone between the exterior environment and interior spaces
e A protected cavity for solar-control devices

e Avertical channel for natural ventilation via stack effect

4.1.3 Different Climate Types and Double-Skin Fagades
In general, climates that influence double-skin fagade decisions can be characterized as follows:
1. Cold climates:
o Priority: Reducing heat losses and maximizing winter solar gains
o Double-skin facades offer significant benefits through their buffer-zone effect.
2. Temperate—humid climates:
o A combination of solar gains, high humidity, and mild winters

o Solar control, natural ventilation, and humidity management must be addressed
together.

3. Temperate—dry climates:

o Large diurnal temperature swings

o Double-skin facades can be used for night-time cooling and daytime buffering.
4. Hot-humid climates:

o High solar gains and high humidity

o Overheating risk in double-skin cavities must be carefully assessed; these systems
should not be treated as an “automatic solution” for all projects.

5. Hot—dry climates:
o Intense solar radiation, low humidity, and large day—night temperature differences

o Shading, deep overhangs, and night-time cooling scenarios using the cavity become
important.

In summary:
There is no “one-size-fits-al
strategy.

|II

solution for double-skin fagades. Each climate demands its own design



4.2 Defining the Building for Double-Skin Fagcade Application

Climate data alone is not sufficient; the building itself must also be clearly defined. Before design
decisions are made, the following questions should be answered:

e  What is the building’s primary orientation?
e Whatis its overall form? Long, narrow, deep, compact?
e Are there surrounding high-rise buildings, trees, or topographical features that cast shadows?
e What are the plan configuration, floor-to-floor height, and fagade proportions?
e What is the occupancy type: office, residential, mixed-use?
e What are the daily and annual operating hours?
Once these inputs are identified:
e They are used as boundary conditions in energy simulation tools
o Different double-skin fagade scenarios are developed

e Parameters such as cavity width, vent size, ventilation type, and shading strategies are
evaluated and optimized

4.3 Impact of Facade Orientation and Number of Double-Skin Surfaces on Energy Performance

Where double-skin facades are applied on the building envelope is at least as important as the type
of system itself. Key strategic questions include:

e  Will the double-skin facade be used on only one facade?

¢ Ontwo opposite fagades?

e On three facades?

e  Or will the entire building envelope be double-layered?
Each of these choices has distinct implications for heating and cooling loads.
A typical simulation-based approach proceeds as follows:

1. Areference building model with a single-skin facade is created.

2. Aselected double-skin fagcade typology is applied to this model.

3. Variables are tested systematically:

o Cavity width is varied across several scenarios

o Fagade orientation is modified (only south, only east, two facades, all four fagades,
etc.)

o Summer and winter operating modes are analyzed separately



The following questions are then addressed:
e For which orientation does the double-skin facade reduce heating demand?
e Under which combinations does cooling demand remain at acceptable levels?
e Does increasing cavity width lead to net gains or net losses?
e Isit truly cost-effective to apply a double-skin facade to the entire building envelope?

Without such analysis, the decision to “wrap the entire building in a double-skin fagade” risks
producing an expensive glass showcase rather than a genuinely sustainable solution.

ADVANTAGES AND DISADVANTAGES OF DOUBLE-SKIN FACADES

Double-skin facade systems, when properly designed, can deliver significant improvements in both
energy performance and user comfort. However, if not carefully engineered, they can also introduce
operational and thermal challenges. For this reason, their strengths and limitations must be clearly
understood.

1. Advantages
1.1 Improved Thermal Performance

With two glazing layers and an intermediate air cavity, double-skin fagades achieve a lower thermal
transmittance (U-value) compared to single-skin facades. This leads to:

e Reduced heating loads during cold seasons
e More stable interior surface temperatures

e Enhanced occupant comfort

1.2 Natural Ventilation in High-Rise Buildings

Since the outer skin acts as a shield that reduces wind pressure:
e Windows on the inner skin can be safely opened even on upper floors
e Natural ventilation can be achieved through the cavity and inner windows during summer
e The cavity and interior spaces can be used together for night-time cooling

This reduces dependency on mechanical ventilation and air-conditioning systems.

1.3 Reduced Energy Consumption

The combination of controlled solar gains, natural ventilation, and the buffer-zone effect results in:
e Lower heating and cooling energy demand
e Shorter operation times for mechanical systems

e Reduced operational energy costs



Thus, the double-skin facade becomes an effective carrier of passive and semi-active climate-control
strategies.

1.4 Enhanced User Control and Comfort
With operable windows on the inner skin, occupants can:
e Directly influence the air quality and ventilation of their space
e Avoid the discomfort associated with fully sealed, mechanically controlled buildings

This reduces issues commonly observed in airtight office buildings, including symptoms related to
“sick building syndrome.”

1.5 Protected Solar Shading Systems

When shading elements are placed inside the cavity:
e Solar radiation can be controlled according to season and sun angle
e Shading devices are protected from wind, rain, snow, and dirt

e Longer service life and reduced maintenance are achieved compared to external shading
systems

Moreover, operational mechanisms can be placed indoors, simplifying maintenance and control.

1.6 Easier Maintenance and Cleaning

The interstitial cavity can also serve as an accessible service space for:
e Glass cleaning
e Maintenance of shading devices
e Local repair operations

This makes building maintenance safer and more manageable, especially in high-rise applications.

1.7 Excellent Acoustic Performance
In noisy environments such as busy roads, railways, or airports:
e The two glazing layers and the intermediate cavity
e Provide significantly better sound insulation than single-skin facades

This results in quieter and more comfortable interior spaces despite external noise sources.

1.8 Contributions to Fire Safety and Evacuation (Design-Dependent)



In some projects, if properly engineered and compartmentalized, the cavity can function as:
e An alternative evacuation route
e A smoke exhaust zone

These benefits depend entirely on project-specific safety measures and compliance with fire
regulations.

1.9 Aesthetic and Architectural Expression

Double-skin facades offer:
e Asense of depth to the building mass
e Alight, transparent, and contemporary architectural appearance
e Astrong visual identity, especially when illuminated at night

Thus, they are preferred not only for technical performance but also for architectural character.

2. Disadvantages

Although they offer many advantages, double-skin facades also involve significant challenges.

2.1 High Investment and Operational Costs
Compared to single-skin facades, double-skin systems require:
e Two layers of facade
e Additional structural components
e Shading mechanisms
e More complex details and control systems
This results in substantially higher initial investment costs.
Operational costs also increase due to:
e Cleaning
e Maintenance of movable components

e Operation and calibration of control systems

2.2 Risk of Overheating
If poorly designed, the cavity may:

e Behave like a greenhouse during warm seasons



e Increase the temperature of the inner skin and introduce unwanted heat loads

Incorrectly sized cavity widths, vent openings, or shading-control strategies can transform the system
from an energy-saving measure into an additional cooling burden.

2.3 Pressure Differences and Airflow Issues

Especially in tall buildings with long vertical cavities:
e Stack-induced airflow can create pressure differences between floors
e Some floors may experience difficulty in opening or closing windows
e Uncontrolled upward or downward airflow can cause discomfort

This is a critical concern for naturally ventilated office environments.

2.4 Increased Structural Loads and System Complexity
An additional fagade layer results in:

e More materials

e More structural elements

e Increased overall building weight

This raises structural design requirements and adds cost. It also complicates detailing regarding fire
safety, drainage, vapor control, and condensation management.

2.5 Transmission of Sound, Smoke, or Fire (If Not Compartmentalized)
In shaft-type or continuous multi-storey double-skin facades:

e If the cavity is not compartmentalized

e It may act as an unwanted “transfer corridor” for sound, smoke, or fire
Therefore:

e Cavity segmentation at certain floor levels

e Acoustic zoning

becomes mandatory. Otherwise, the system may underperform acoustically or pose fire-safety risks.

3. Summary Perspective

A double-skin facade, when correct climate, correct building type, and correct engineering come
together, is a high-performance solution that:

e Enhances energy efficiency



e Improves comfort

e Gives the building a strong architectural identity
However, it is not a universal miracle applicable to every project, every climate, or every budget.
Its success depends on:

e Climate analysis

e Correct simulation studies

e Detailed fire—acoustic—energy coordination

e A well-defined operational strategy from the early design stages



