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05.
CONTEXT BASED DESIGN OF DOUBLE SKIN FACADES

ABSTRACT
This research focuses on investigation of context based design for double skin facades, particularly focusing on 
climatic considerations during the design process. Double skin envelopes are gaining popularity as a success-
ful methodology for controlling thermal building performance and energy loads. However, their performance in 
different climates is an important design consideration. If properly designed, they create a buffer zone between 
the internal and external environment, thus reducing necessary cooling and heating loads. There are several 
key parameters that influence design and performance, but building location and climate should be prevailing 
considerations. In this study, double skin façade design strategies are investigated for hot and arid, and cold 
climates. Building envelope performance is investigated by modeling energy performance of different design 
scenarios.
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1.0 INTRODUCTION 
Recent developments in façade technology are follow-
ing two general trends—trend towards miniaturization, 
where the focus is on development of thin films, coat-
ings and advanced glazing technologies that improve 
façade performance on micro-level, and trend toward 
large-scale double skin façades aimed at improving 
the macro-level performance. Regardless of the fa-
çade type, functional performance goals for any type 
are similar, primarily separating the indoor from outdoor 
environments, blocking adverse external environmen-
tal effects and maintaining internal comfort conditions 
with minimum energy consumption. Double skin en-
velopes are successful in controlling thermal building 
performance since they create a buffer zone between 
the internal and external environment. Reduction in en-
ergy consumption is directly related to improved ther-
mal performance since lower heating and cooling loads 
improve energy efficiency. 

Design strategies need to adapt according to the climat-
ic condition and take into account local characteristics, 
such as temperature, solar radiation, humidity level, in 
order to minimize building loads and energy consump-
tion. The aim of this article is to reflect on strategies 
for double skin walls that are responsive to particular 
climate type. The article is structured as follows: initial-
ly, general guidelines for double skin façade design are 
presented as well as past research. Then, two particular 

designs for double skin walls are investigated, located 
in hot and arid, and cold climates.

2.0 CLASSIFICATION AND PAST RESEARCH

2.1 Background
The general purpose of the double skin façades is to 
create a thermal buffer between the interior and exte-
rior environments. They consist of an exterior glazed 
surface, air cavity and an internal glazed surface, oc-
casionally combined with opaque walls. The air cavity 
can be ventilated by buoyancy effect (natural convec-
tion), by mechanical devices, as well as combination 
of the two. Selection of the type and ventilation mode 
depends on the climate, building orientation and design 
requirements. 

Classification of double skin facades can be made ac-
cording to the geometry and partition type, ventilation 
mode and air flow type, such as:  

• Box window façade: partitioned façade per floor, 
façade modules are limited to one floor and the cav-
ity is enclosed horizontally and vertically, typically 
natural ventilation is utilized

• Corridor type: the façade contains large cavity be-
tween the two skins, but physically partitioned at 
each floor level and may extend across several 
floors without vertical limitations, all three ventila-
tion modes are possible
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• Shaft-box façade: similar to corridor type, but con-
nected to vertical shafts for increased use of stack 
effect, typically utilized for natural ventilation type or 
hybrid mode

• Multi-story façade: air cavity is open at the top and 
the bottom, forming large open volume, all three 
ventilation modes

There are numerous combinations and design possibili-
ties, varying the partitioning type, ventilation mode and 
ventilation placement.  

Selection of the double skin ventilation mode (natu-
ral, hybrid, mechanical) should be based according to 
building location, while partitioning type based on num-
ber of floors, cost and functional requirements. Natural 
ventilation of the air cavity is applicable to temperate/
cold climates, while mechanical ventilation must be 
used for extreme climates. Hybrid systems are typically 
utilized in climates that allow this combination, where 
natural ventilation might be utilized during the colder 
winter months and mechanical during hot summer 
months, or even based on daily temperature fluctua-
tions. Air flow type depends on the location and ventila-
tion mode.

Subsequent design decisions are made according to 
the combination of type, ventilation mode and air flow 
type. For example, important consideration is glazing 
type on the interior and exterior skins and it depends 
on the ventilation mode. If façade is naturally ventilated, 
insulating double-glazed pane is usually placed as the 
inner skin to provide thermal break and single pane is 
placed on the exterior. When mechanical ventilation is 
utilized, insulating pane is usually placed on the outer 
skin. Shading devices are typically placed between the 
two skins to limit the solar gain within the cavity. Choice 
of glazing properties, such as glazing area, thermal 
transmittance (U-values), solar energy transmittance 
(g-value), solar heat gain coefficient (SHGC) and selec-

tion of shading strategies, are also dependant on loca-
tion and solar radiation, therefore, different strategies 
should be incorporated for different climates. 

Initial cost of double skin facades is obviously higher 
than single skin façades. However, when considering 
this façade strategy, life-cycle costs should be taken into 
consideration. Energy consumption and energy loads 

should be investigated as well as solar control and mod-
erated surface temperatures. Non-energy benefits are 
wind load reduction, reduced glare, improved daylight 
and improved acoustic performance1.

2.2. Effect of Environmental Characteristics on  
       Performance
The majority of double skin façades to date have been 
utilized in temperate and cold climates. However, there 
are also examples and studies for warm, hot and arid, 
and hot and humid climate types2,3,4. Blomsterberg re-
ports on several examples from cold and temperate cli-
mates that utilize natural ventilation as well as examples 
from warm climates that utilize natural or hybrid mode. 
Badinelli reports on a novel double skin and integrated 
movable shading device, designed for optimum opera-
tion for warm regions. Tanaka et al. report on experi-
mental study on the performance of double skin wall 
with hybrid ventilation system for warm climate. Haase 
et al. investigated strategies for hot and humid regions 
and convey that typically double skin walls are venti-
lated naturally for external air curtains and mechanically 
for internal air curtains. 

A recent research study investigated energy perfor-
mance of double skin walls within different climates, 
particularly focusing on effects on cooling and cooling 
loads5.  It focused on comparative analysis between 
double skin façade and a single skin façade for a hy-
pothetical office building. Annual heating and cool-
ing loads were calculated and compared for an office 

Figure 1: Classification of double skin walls.
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space, located in various types of climates (cold, tem-
perate, warm, hot and arid). The assumed building was 
considered as a multi-story and hybrid ventilation mode 
was applied. 

Components of the studied double skin included inter-
nal layer, composed of 6 mm clear glass pane, 20 mm 
argon filled gap and 6 mm internal low-e glass and alu-
minum frame with thermal breaks. External layer con-
sisted of 6 mm clear glass. Components of the single 
skin were similar, with double glazing composed of 6 
mm external clear glass, 20 mm argon filled gap, in-
ternal 6 mm low-e glass and aluminum thermal brake 
frame. Both cases included shading blinds, where in 
the case of double skin they were placed in the cavity, 
and for double glazing on the interior of the building. 

Monthly heating and cooling loads were calculated ac-
cording to the environmental conditions. Primary con-
clusion of the study is that for all climate types there 
is an increase on the performance of the double skin 
façade compared to single skin, but percentage and 
ways for improved performance differ according to lo-
cation. In hot and warm climates, primary advantage is 
that during cooling season double skin permits less so-
lar energy into the building, thus reducing energy con-
sumption for cooling. In cold and temperate climates, 
comparison between double and single skin reveals 
that primary advantage is during the heating season. 

Since the behavior of double skin facades is highly 
dependent on the type of climate, following sections 
outline a process for selecting the type, analyzing char-
acteristics and properties and selecting strategies pref-
erable for a specific context.

3.0 DESIGN REQUIREMENTS
The primary design objective for any building envelope 
is to sustain conditions of thermal, visual and acous-
tic comfort with minimum energy consumption6. Thus, 
controlling physical environmental factors (heat, light, 
sounds) must be considered during the design pro-
cess. Currently, there are not widely-adopted guidelines 
for the design of double skin walls, but rather selected 
sources for best practices1,7. Typically, criteria that apply 
to single skin facades also apply to double skin facades, 
therefore this section outlines parameters for thermal, 
visual and acoustic comfort with respect to local envi-
ronmental conditions. Variables that affect the perfor-
mance of double skin façade include:
External Environment:

• Air temperature
• Solar radiation

• Humidity
• Wind velocity
• Illumination level
• Noise

Site:
• Dimensions and orientation of external obstacles 

(buildings, topography, landscape)
• Solar radiation reflectivity and light of surrounding 

surfaces
Building:
• Orientation
• Use/function
• Form
• Type of ventilation
• Thermal and energy loads

Space:
• Position within the building
• Dimensions and shape
• Orientation

Building Envelope:
• Material properties (type, thickness, density, con-

duction, light absorption)
• Glazing (type, number of layers, heat transmission, 

absorption, reflection)
• Air cavity dimensions
• Envelope type (single story, multiple story)
• Ventilation mode (natural, mechanical, hybrid)
• Air flow type 
• Shading

Geometry, type, ventilation mode and system compo-
nents are dependant on the location and crucial char-
acteristics are temperature and air flow inside the cavity. 
Properties that influence air temperature and flow are 
cavity depth, glazing type, position and type of shading 
devices, ventilation strategy as well as size and position 
of inlet and outlet openings of the cavity. Comparative 
analysis and simulation of changing these parameters 
can provide useful information for façade behavior and 
assist in optimizing the façade function and operation. 

Conditions of the external environment, building orienta-
tion, space dimensions as well as internal environment 
should be considered. For example, air temperature, 
solar radiation, humidity, wind velocity, noise, dimen-
sions are orientation of external obstacles (buildings, 
topography, landscape), ground reflectivity are param-
eters that affect thermal, visual and acoustic comfort. 
In selecting building envelope type, decisions must be 
made for material properties (type, thickness, density, 
conduction, light absorption), glazing type (thickness, 
number of layers, heat transmission, absorption, reflec-
tion), air cavity and ventilation type (natural, hybrid, me-
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chanical), envelope type (single floor, multiple floor), lo-
cation and orientation of air intake and exhaust (inside 
to inside, inside to outside, outside to inside, outside to 
outside) and provision of shading.

Figure 2 presents selection process for the double skin 
façade that addresses thermal, visual and acoustic 
comfort. It is important to note that the other types of 
performance measures can also be incorporated, such 
as energy usage, indoor air quality, maintenance costs, 
etc. The basic process is that environmental conditions, 
building and room properties as well as performance 
specifications are utilized to select building envelope 
alternatives. If the selected building envelope does not 
meet the criteria, process is repeated until appropri-
ate envelope alternatives are determined. Table 1 out-
lines types of parameters affecting thermal, visual and 
acoustic comfort.

Building performance requirements for double skin 
facades consist of measures for physical behavior, en-
ergy performance and thermal comfort, acoustic per-
formance, fire protection, visual comfort, etc. As it is 
shown in Table 1, location specific characteristics af-
fect thermal and visual comfort, therefore in developing 
strategies that are context-based, these aspects should 
be considered. Control strategies that allow the use of 
solar gains during the heating period and provide ac-
ceptable comfort conditions during the entire year are 
acceptable for temperate and cold climates and may be 
adapted for hot and arid. Energy consumption is closely 
related to thermal and visual comfort and in the follow-
ing section is utilized as a measure for selecting design 
strategies applicable for particular climate types. 

4.0 ENERGY PERFORMANCE OF DOUBLE SKIN  
      WALLS
During the planning and design process, recommenda-
tions for the design of double skin walls are to select 
appropriate control strategy for ventilation air cavity, 
select glazing properties as well as to plan for provi-
sion of shading devices. Since these choices are greatly 
dependent on the building location, function and cli-
mate, predicting energy performance early in the de-
sign stages can influence design decisions. In analyzing 
appropriate design strategies that are dependent on the 
climate and location, comparison of energy consump-
tion for single skin and double skin façade is a viable 
option. Moreover, selection of design strategies can be 
improved if design options are investigated based on 
the energy consumption. The following sections illus-
trate the process for hot and arid and cold climate with 
warm summer. 

4.1 Double Skin Wall for Hot and Arid Climate
Highly glazed facades are the major concern for en-
ergy consumption in hot and arid climates8. Traditional 
techniques for control of microclimates within this type 
of environment include preferential glazing to admit or 
block insulation, appropriate location and orientation 
of spaces to introduce air currents within inhabited 
spaces, employment of passive strategies (ducts, wind 
towers and shafts) to promote circulation as well as heat 
extraction through evaporative cooling.

Past research on design strategies and performance of 
double skin walls in hot and arid climate are extremely 
limited9. One of the few studies that specifically focused 
on comparison between single skin and double skin 
walls in this type of climate found that single skin fa-
çades account up to 45 percent of the building’s cool-

Figure 2: Selection process for building envelope design  
            (Adapted from Oral et al., 2004).
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ing load and that with careful material selection double 
skin walls result in substantial decrease in peak and 
annual cooling loads. The type of analyzed double skin 
is multi-story external air curtain with 1 meter cavity 
continuously occupying five stories. Results indicate 
that clear glazing for double skin walls increases en-
ergy consumption compared to single skin. However, 
tinted and reflective glazing significantly lower energy 
consumption. This study did not analyze low-e coatings, 

integration of shading devices, effects of changing di-
mensions of the air cavity or hybrid ventilation system. 

In order to study effects of changing design parameters, 
such as air cavity dimensions, type of glazing, effect of 
shading and overhang, different design scenarios were 
investigated for a double skin wall shown in Figures 3 
and 4. Two single skin base models were chosen—
double-glazed and triple-glazed. For the double skin 

Conditions Thermal Comfort Visual Comfort Acoustical Comfort

Indoor comfort  
parameters

Air temperature 
Relative humidity 
Air velocity 
Mean radiant temperature

Illuminance level and  
distribution 
Glare index

Acceptable noise levels

Outdoor design  
parameters

Obstruction properties 
Building dimensions 
Air temperature 
Relative humidity 
Wind velocity 
Solar radiation

Obstruction properties 
Building dimensions 
Latitude and location 
Day, hour 
External horizontal illuminance 
Ground properties

Obstruction properties 
Building dimensions 
Noise level 
Noise source

Indoor design parameters Space dimensions  
User’s activity level  
User’s clothing insulation

Space dimensions 
Color of surfaces 
Working plane location

Space dimensions 
Internal surfaces absorption 
coefficients

Building Envelope Properties
Glazing Orientation 

Number of layers 
Layer thickness 
Overall heat transfer  
coefficient 
Shading factor 
Glass transmittance for direct 
and diffuse solar radiation 

Orientation 
Window properties, location 
and shape 
Glass thickness  
Glass reflectance

Transparency ratio 
Number of layers 
Layer thickness 
Layer density

Air cavity Orientation 
Number of layers 
Layer thickness 
Heat transfer coefficient of 
layers 
Density and specific heat of 
the layers 
Vapor resistance of the inner 
layers of wall construction 
Absorptance coefficient of the 
external surfaces of opaque 
components 
Ventilation type

Dimensions 
Glazing location

Dimensions 
Materials

Table 1: Comfort and design parameters for heat, light and sound comfort for double skin walls.
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façade, several scenarios were investigated with chang-
ing design variables, such as air cavity depth, type of 
glazing and overhang dimensions. The type of double 
skin wall was multi-story with hybrid ventilation system 
and exhaust air flow type. 

Static variables for all double skin scenarios were lo-
cation and weather data, occupancy and equipment 
loads, air change rate, lighting control as well as dimen-
sions and orientation, as seen in Table 2. Several dif-
ferent scenarios for double skin wall were investigated 
where properties were varied in order to compare ef-
fects of different design elements on energy perfor-
mance. Dynamic variables included glazing type, win-
dow area, overhang dimensions and air cavity depth, as 
shown in Table 3.

Results show that any type of double skin wall performs 
better than the two base models for single skin double 
glazed and triple glazed façade (Tables 4 and 5). Table 
4 compares effects of changing air cavity depth and 
type of glazing. It is indicated that smaller cavity results 
in lower energy demand since reduction in cavity size 
increases air pressure and induces air flow. High per-
formance glazing would result in a slight decrease in 
energy demand compared to low-e glazing.

It is evident that scenarios with the lowest energy de-
mand have smaller air cavity depth and reduced win-
dow area. By lowering the effective window area, signifi-
cant reductions in energy consumption are observed, 
as seen in Table 5. Also, reduction of the deep roof 
overhang does not greatly increase cooling loads.
 
Figure 5 compares the single skin and double skin and 
advantages of the double skin wall are primarily present 
during winter months since it insulates and traps heat. 
During summer months, performance of double skin 
wall is comparable to the single skin. Compared to dou-
ble-glazed single skin, almost all types of double skin 
wall would minimize cooling loads. Triple-glazed single 
skin would only perform better than double skin dur-
ing the month of August. Best candidate for the over-
all reduction is double skin with smaller cavity depth 
and low-e or high-performance glazing. Reduction in 
effective window area would decrease energy demand, 
particularly during hot summer months, as shown in 
Figure 6.

Based on these results, recommendations for design of 
double skin facades in hot and arid climates are:

• Air cavity: Limiting the air cavity size reduces cool-
ing loads. 

• Airflow types: Since majority of consumed energy is 
utilized for cooling, there are possible advantages 
for hybrid ventilation type. Hot and arid climate has 
strong temperature shifts and that could be used 
as an advantage. For example, in the wintertime, 
double skin traps heat, thus providing an insulat-
ing layer. Diurnal change between hot day tem-
peratures and cold night temperatures could also 
be used, where mechanical system could be used 
during the day and natural ventilation during the 
night. During hot days, mechanical system should 
be used to ventilate the air cavity. 

Figure 3: Double skin wall, hot and arid climate.
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Figure 4: Components and ventilation mode of the double skin wall for hot and arid climate.
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All Facade Types

Location 
Orientation 
Temperature Min 
Temperature Max 
Humidity Max  
Occupancy  
Occupancy load 
Lighting requirements 
Equipment load 
Air change rate per occupant 
Total air change rate 
Dimensions 
  Depth 
  Width 
  Height 
Thermal mass

Abu Dhabi, UAE 
SW 
20°C 
26°C 
60% 
7 am to 5 pm 
0.25 people/m2 
200 lux 
1.00 W/m2 
15.0 l/s per person 
0.9 roomful per hour 
 
26 m 
110 m 
15.6 m 
low

Double Skin Facade
Type 
Ventilation mode 
Air flow type 
Flow rate 
Shading  
 
Location of double glazing

Multi-storey 
Hybrid 
Exhaust air (interior vent supply, exterior vent exhaust) 
50 m3/hr 
Blinds that respond to temperature, located within the air 
cavity 
In

Window area Glazing Type Air Cavity Overhang

Base model 1 80% Low-e (double glazing, air) None 15 m

Base model 2 80% Low-e (triple glazing, air) None 15 m

Scenario 1 80% Low-e 1 m 15 m

Scenario 2 80% Low-e 1.5 m 15 m

Scenario 3 80% High-performance 1 m 15 m

Scenario 1.1 50% Low-e 1 m 10 m

Scenario 1.2 80% Low-e 1 m 10 m

Scenario 1.3 80% High-performance 1 m 14 m

Scenario 2.1 50% Low-e 1.5 m 14 m

Table 2: Static variables for all façade types.

Table 3: Dynamic variables for façade types.
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Base Model 1 Base Model 2 Scenario 1  

(1 m cavity, 

low-e glazing)

Scenario 2  

(1.5 m cavity, 

low-e glazing)

Scenario 3 
(1 m cavity, high 
performance  
glazing)

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December

16.3 
13.9 
19.8 
25.4 
33.4 
41.9 
52.1 
60.9 
51.5 
42.2 
29.8 
20.7

15.7 
13.4 
19 
24.6 
32.2 
40.6 
50.4 
59.1 
49.8 
40.7 
28.8 
19.9

8.5 
7.7 
13.1 
20.9 
30.2 
39.6 
50.5 
60.6 
47.8 
34.2 
21.4 
12.7

11.1 
10.1 
15 
22 
31.3 
40.7 
51.8 
61.9 
48.9 
35.5 
22.7 
14.8 

8.1 
7.3 
12.7 
20.5 
29.7 
39 
49.9 
60 
47.2 
33.6 
21 
12.3

Total  
Energy 
(kWh/m2)

407.9 394.2 347.2 365.8 341.3

Table 4: Annual energy consumption by façade type.

Table 5: Effect of dynamic variables on energy demand.

Scenario 1.1 (1.0 
m cavity, low-e 
glazing, 50% 
window area, 10 m 
overhang)

Scenario 1.2 (1.0 
m cavity, low-e 
glazing, 80% 
window area, 10 
m overhang

Scenario 1.3 (1.0 
m cavity, high-per-
formance glazing, 
80% window area, 
14 m overhang)

Scenario 2.1 (1.5 
m cavity, low-e 
glazing, 50% 
window area, 14 m 
overhang)

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December

7.3 
6.7 
12.2 
19.6 
28.3 
37 
47.2 
57.6 
45.2 
31.9 
19.8 
11.4

8.7 
8.1 
13.7 
21.5 
30.6 
39.9 
50.9 
61.2 
48.6 
34.7 
21.7 
12.9

8.2 
7.3 
12.8 
20.5 
29.7 
39 
49.9 
60.1 
47.3 
33.7 
21 
12.3

7.2 
6.5 
11.8 
19.3 
28.1 
36.8 
47.1 
57.3 
44.8 
31.6 
19.7 
11.3

Total  
Energy 
(kWh/m2)

324.2 352.5 341.8 321.5
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Figure 5: Annual energy demand for single skin and double skin types for hot and arid climate.

Figure 6: Effect of changing design variables of double skin wall on annual energy demand.          63    
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• Shading: Roof overhangs provides some protection 
against solar heat gain, but incorporation of shad-
ing devices within the air cavity is also important, 
located closer to the external skin.  

• Glazing: Effective window size and glazing types 
have a significant impact on energy consumption. 
Minimizing window size and selecting low-e or insu-
lating glazing can decrease cooling loads during hot 
summer months.

4.2 Double Skin Wall for Cold Climate
There has been significant past research on perfor-
mance of double skin walls in temperate and cold 
climates10,11. For this type of climate, the main advan-
tage is improved thermal insulation. During the winter 
months, exterior skin increases external heat transfer 
resistance, therefore utilizing interior air for preheating 
air cavity is advantageous. During the summer, air must 
be extracted in order not to cause overheating, by natu-
ral, hybrid or mechanical modes.
 
Critical factors for double skin walls in temperate and 
cold climates are geometry of the air cavity, type of ven-
tilation system and air flow mode. Poizaris claims that 
the most important parameters in designing the double 
skin façade in this type of climate are dimensions of 
the air cavity (width and height), since they have the 
greatest influence on heat and flow performance. Lee 
et al. claim that proper ventilation of the cavity is highly 
dependant on the combination of the glass panes, ven-
tilation mode as well as size of the air cavity12. 

In order to investigate effects of these design param-
eters on energy consumption, such as air cavity dimen-
sions, location of double skin as well as difference in 
operation during winter and summer months, different 
scenarios were investigated for a multi-story double skin 
wall shown in Figure 7. In order to study the effects 
of changing air cavity geometry, location of double skin 
as well as different air flow types, different design sce-
narios were investigated.
 
Static parameters for all façade types are shown in 
Table 6. Changing properties are shown in Table 7. 
Base model included double-glazed single skin façade 
with low-e glazing.  For double skin façade, location of 
double glazing was varied from the internal to external 
skin as well as cavity depth from 0.7 m to 1.4 m. Two 
different types of air flow were investigated—exhaust air 
during all year as well as combination of exhaust air 
during summer months and air curtain during winter 
months. This combined air flow type would allow utili-
zation of warm air during winter to preheat the air cav-

ity. All double skin scenarios include shading devices 
within the air cavity.

Results are shown in Figure 9. Base model (double-
glazed single skin façade) has highest overall energy 
demand; however, looking at the annual energy de-
mand reveals that some cases of double skin wall have 
higher heating loads during winter months (Figure 8). 
In particular, air flow type has a major effect, since ex-
haust air type increases heating demand. Results indi-
cate that trapping air within the air cavity during winter 
months insulates the double wall, thus significantly low-
ering heating loads. 

Air cavity size does have an effect on energy consump-
tion; however, more important is the location of the 
double glazing. Results show that exterior placement of 
double glazing would significantly reduce energy con-
sumption, compared to placement on the interior skin. 
Size of air cavity also has an effect, where cavity with 
a small opening can negatively influence stack effect. 
Also, air cavities that are too large increase the cost. 

Combination that performs well for all seasons has aver-
age air cavity size, location of the double-glazing. Based 
on the performed parametric energy analysis for several 
possible design scenarios, it is concluded that the best 
possible candidate would contain double glazing on the 
exterior and single glazing on the interior side. Interior 
to interior air flow would perform better based on the 
results, but it is recommended to consider combined 
interior to interior and interior to exterior air exchange, 
where interior to interior would be utilized in winter to 
reduce heating load and interior to exterior in summer 
to reduce cooling load. 

Based on these results, recommendations for design of 
double skin walls in cold climates are:

• Air cavity: Air cavity that is too small does not per-
form well for natural ventilation, but the size should 
be balanced with other considerations, such as cost 
and operation and maintenance.

• Airflow types: Primary concern is heating demand, 
but balance between heating and cooling loads is 
essential for this type of climate. Since large portion 
of consumed energy is utilized for heating, there are 
advantages for utilizing trapped air to improve in-
sulation and heat transfer between the exterior and 
interior environment. During summer months, air 
cavity must be ventilated to protect from overheat-
ing. 

• Glazing: Location of double glazing can improve 
overall energy consumption and placement on the 
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Figure 7: Double skin wall, cold climate.
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All Facade Types

Location 
Orientation 
Temperature Min 
Temperature Max 
Humidity Max  
Occupancy  
Occupancy load 
Lighting requirements 
Equipment load 
Air change rate per occupant 
Total air change rate 
Dimensions 
  Depth 
  Width 
  Height 
Glazing type 
Window area 
Thermal mass

Chicago, IL 
S 
20°C 
26°C 
60% 
7 am to 9 pm 
0.25 people/m2 
200 lux 
1.00 W/m2 
15.0 l/s per person 
0.9 roomful per hour 
 
5.5 m 
21.3 m 
18.9 m 
low-e 
80% 
low

Double Skin Facade
Type 
Ventilation mode 
Flow rate 
Shading 

Multi-storey 
Hybrid (natural, assisted by mechanical) 
50 m3/hr 
Blinds that respond to temperature, located within the air 
cavity

Location of 
Double Glazing

Air Flow Type Air Cavity

Base model - - -

Scenario 1 In Exhaust air (interior vent supply, exterior vent exhaust) 0.5 m

Scenario 2 In Exhaust air (interior vent supply, exterior vent exhaust) 0.7 m

Scenario 3 In Exhaust air (interior vent supply, exterior vent exhaust) 1.0 m

Scenario 4 In Exhaust air (interior vent supply, exterior vent exhaust) 1.4 m

Scenario 2.1 Out Exhaust air (interior vent supply, exterior vent exhaust) 0.7 m

Scenario 3.1 Out Combination (exhaust air summer, air curtain winter) 1 m

Scenario 2.1.1 Out Combination (exhaust air summer, air curtain winter) 0.7 m

Scenario 3.1.1 Out Combination (exhaust air summer, air curtain winter) 1.0 m

Table 6: Static variables for all façade types.

Table 7: Dynamic variables for façade types.
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Figure 8: Annual energy demand for single skin and double skin types for cold climate.
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Figure 9: Heating energy.

Figure 10: Cooling energy.

Figure 11: Lighting energy.
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exterior skin improves heating, cooling and lighting 
energy consumption.

5.0 CONCLUSION
Design objectives for any façade type are to provide 
thermal, visual and acoustic comfort with minimum en-
ergy consumption. Basic considerations for the design 
of double skin wall include geometry, type, ventilation 
mode and air flow. Since there are numerous combina-
tions between different types, ventilation strategies as 
well as components, context-based design that adapts 
to local environmental conditions is of primary impor-
tance. 

Comparative analysis and simulation of changing these 
parameters can provide useful information for façade 
behavior and assist in optimizing the façade function 
and operation. In this article, energy consumption is 
analyzed for double skin walls in two distinct types of 
climates, where energy consumption is compared for 
different design scenarios. 
 
Design strategies for double skin walls should reflect the 
climatic conditions and for hot and arid climates reduc-
tion of cooling loads is the primary concern, while for 
temperate and cold climates reduction in heating loads 
as well as balance with summer cooling load. Based 
on the results of this study, design strategies for hot 
and arid climate that minimize energy consumption in-
clude reduction in size of air cavity, adapting ventilation 
modes and airflow types to seasonal and daily tempera-
ture changes, providing shading devices and deep roof 
overhangs, reducing effective window size as well as 
selecting glazing types that decrease cooling loads. For 
cold climates, primary concern is the heating demand 
and there are advantages in changing the air flow mode 
according to different seasons. In winter, there are ad-
vantages in utilizing trapped air to improve insulation 
and heat transfer between the exterior and interior. In 
summer, ventilation of air cavity is essential for reducing 
cooling loads. Location of double glazing on the exterior 
skin improves the overall energy consumption.
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