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ABSTRACT

The energy performance of buildings is defined by their electrical systems and thermal exchanges through the
envelope, mainly by glazing systems. This study evaluates, through computer simulation, the influence of
glazing facades in the energy consumption of the air conditioning system of an office building in five Brazilian
cities with different climate conditions. A computer model was developed to analyze the influence of window-
to-wall ratio, type of glass and facade configuration in the energy need for air conditioning. The results show that
the energy performance of the building is highly influenced by the configurations of the fagade, mainly by
glazed elements. In cold climates, high thermal transmittance of the envelope helps the dissipation of internal
heat gains, reducing energy consumption for air conditioning. In this case, the use of insulated glass unit can be
unhelpful. Furthermore, the opening area causes energy consumption variation up to 27.5% depending on
climate and type of glass. But the use of a high selective glazing system can decrease the energy need for cooling

when the window area is increased.
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l. INTRODUCTION

Buildings are responsible for 47% of total
electricity consumption in Brazil [1]. In the recent
years, new commercial buildings have been
designed with fully glazed facades. This type of
architecture has been criticized by its application in
hot and humid climates, which is dominant in most
part of this country.

The main reasons for the adoption of fully
glazed facades consist of: transparency and visual
integration with the outdoors, daylight admission,
and aesthetic request from designers and investors
[2, 3]

In the context of commercial buildings,
many authors point out the air conditioning system
as responsible for major participation in annual
electricity consumption [4]. In a study carried out for
hot arid areas the fully glazed facade was
responsible for 45% of the building cooling load [5].

The participation of the air conditioning
system in the energy consumption of the building
depends effectively on factors such as coefficient of
performance (COP) of the system, internal loads
density and pattern of use, and building envelope
configuration.

Authors have been highlighted the increase
in the glass area of the facades in Brazilian office
buildings since the 1970s [6, 7]. In the 1990s, due to
growing concern about global warming, there has
been an increased demand for energy-efficient
buildings, driving the development of new solutions
and technologies. Among the main features of these
high tech buildings are open plan office spaces,

flexibility of use, high degree of automation and
management  systems, high  efficiency air
conditioning systems and fully glazed fagades with
high selective glazing systems [7, 8]. Office towers
with glass skin, without any shading devices, are
increasingly common in Brazilian urban centers of
different climate conditions. In the last decade, glass
has been adopted as one of the most important
materials for the design and construction of
commercial buildings in this country [3, 6, 9].

The elements of glazed facades influence
the energy consumption of the air conditioning
system, varying according to: orientation, window-
to-wall ratio, type of glass and solar protection
(internal or external), as they allow part of the solar
radiation to be easily transferred directly into the
building [10].

This study has the general objective to
evaluate, by computer simulation, the influence of
different configurations of facades in the energy
consumption of the air conditioning system in an
office building for different Brazilian climate
conditions. The parameters under evaluation are:
window-to-wall ratio (WWR), glass type, wall
construction, facade configuration (fully glazed or
not) and climate.

1. METHODOLOGY
The method is based on the use of
EnergyPlus simulation software [11]. The procedure
consists on to create a base case replicated a number
of times, changing one variable at a time to obtain
results relating to each parameter under analysis.
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The influence of parameters window-to-wall ratio,
type of glass, facade setting and location is evaluated
based on the total annual energy consumption of air
conditioning system (heating and cooling). The use
of daylighting and energy consumption for artificial
lighting system was not taken into account.

1.1 Simulation model

A base case building has been adopted from
previous work from the same research team [12].
The features of the simulation model are presented
in Fig. 1, representing a rectangular shaped
conditioned office building, with open plan spaces,
divided into five thermal zones, with 20 floors total.
Peripheral areas are conditioned and correspond to
office spaces. Services areas are unconditioned and
located in the center core zone. The four fagades
have identical conditions of window-to-wall ratio,
construction and type of glass. The base building
retains certain invariable features, i. e., geometry,
geographical orientation, internal loads, pattern of
use and occupancy, roof, floors, interior and exterior
walls, as described in Table 1.

Fig. 2 shows the schedules of occupancy
adopted in the building model to simulate its pattern
of use along the days. The operation of the lighting
system, plug loads and air-conditioning follows the
same pattern of occupancy. No building use is
considered on Sundays and holidays.
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Figure 1 — Simulation model geometry.

Table 1 — Main characteristics of the base case

simulation model.
Total floor area: 48,000 m?
Conditioned area: 36,000 m?
Dimensions: 60 m (depth) x 40 m (width)
Core: 36 m (depth) x 20 m (width)
Floor to floor height: 4.0 m

Plenum height: 1.2 m

Floors: 20

Facade area: 16,000 m?

Exterior wall construction: masonry wall with
clay blocks 250 mm; U-value 2.66 W/m2.K
Floors: concrete slab 200 mm

Roof: concrete slab with thermal insulation
insulation (U-value 0.58 W/mz2.K)

HVAC System: chilled water with VAV
boxes; centrifugal chillers COP 6.10 W/W.
Thermostat settings : 20°C heating; 24°C
cooling

Shading devices: interior blinds; closed at 200
W/m? of incident solar radiation.

Occupancy: 8m#person; metabolic rate: 117
W/person

Lighting power density: 12 W/m?

Plug loads density: 16 W/m?

Outdoor air rate: 0.0075 m¥/s

Other electric loads on common areas: 231 kW
(15% of total energy consumption)
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Figure 2 — Building occupancy schedule.

I1.2  Parameters under analysis

Studies on thermal performance of glazed
facades confirm the importance of proper
specification of their elements according to the
climate conditions of the building location. In Brazil,
investigation about the influence of WWR, glass
type and thermal transmittance of opaque
constructions were developed by [12, 13, 14, 15,
16]. In the international scenario, studies by [17] in
Italy, [18] in Mexico, [19] in Tunisia, [20] in
Portugal and [21] in Norway, analyzed the effects of
changing the glazing type and thermal transmittance
of exterior walls in the building energy consumption
for different locations and climates. Studies about
buildings that use glazed skins as the final covering
of the facade demonstrate that this type of solution
creates greenhouse effect between the glass and
opaque construction that contributes to building
overheating. This can be helpful on cold climates but
can be adverse on hot climates [2, 5].

Based on the main factors that impact the
energy performance of buildings, variables analyzed
in this study were determined according to Table 2.
The factorial sampling of cases modeled to vary
each parameter at once has resulted in 128
simulation runs.

The base case model has 4.0 m of floor-to-
floor height. Window area was disposed along the
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width of each fagade and the window-to-wall ratio
was varied from 30% to 60% by increasing window
height, as showed in Fig. 4.

Four types of glass were considered in this
study: single clear, single green, laminated solar
selective glazing and insulated glass unit (IGU) with
selective glazing, 12.5 mm air gap plus single clear
as interior layer. Main optical and thermal properties
of each configuration are presented in Table 3. The
table shows also, in the last column, physical
characteristics of the white glass used as coverage of
exterior walls for those models simulated with
glazed skin fagade.

Thus, two facade configurations were
simulated: conventional fagade setting, with the wall
exposed to outdoor environment (Fig. 5); and glazed
skin fagade, with white glass covering exterior walls

(Fig. 6).

Table 2 —Parameters under analysis.
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Figure 4 — Schematic sections of window-to-wall

ratio modeling strategy.
Table 3 — Thermal properties of types of glass under
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Table 4 - Geographical and climatic data for the
cities under analysis.

Parameter Viles
%
Windorv o5l o (VR) 4g::
§0%
Clear Single clar glass
Grean Single green glass
Sclective glazing system Solar selective coated glass,
Glass type laminated
Double gfaring it with solar
Insulated glass umt selective glass + 12 Smm air gap
+dewrgliss
Fagade configuration Conventiona] (wall exposed)
Glazed skin fagade
Cib (PR)
Sio Palo (8P)
City Brastia (OF)
Rio de Janeiro (R])
Salvador (BA)

The Brazilian territory is wide extent and
presents different climate conditions. For this reason,
five cities were selected to conduct this analysis,
covering different climate variations along the
country. Table 4 shows the list of selected cities,
with their geographic location, average air
temperature and degree-hours of cooling at base
24°C and degree-hours of heating at base 20°C.
Degree-hours of cooling (DHC) is the sum of
difference of the outdoor air temperature and the
base 24°C, when it is higher than 24°C. Degree-
Hours of heating is calculated in the same way, but
considering the difference of temperature between
the base 20°C and the air temperature.
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Figure 5 — Schematic section of conventional
facade, without glass skin.
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Figure 6 — Schematic section of glazed skin facade.

1. RESULTS AND DISCUSSIONS

Data of cooling energy consumption of the
set of 64 cases simulated with conventional facade
configuration (without glazed skin) are presented in
Fig. 7. The graph shows clearly that the energy
consumption increases, as the climate gets hotter,
i.e., Salvador presents the highest energy use. It is
also evident the growth in electricity use linearly
with the increase in WWR. Nevertheless, the
influence of type of glass in the energy performance
of the building is not linear. The glass types were
chosen with improvement in the SHGC (Solar Heat
Gain Coefficient).

With lower SHGC, better is the glass for
Brazilian climates, because lower will be the need
for cooling. However, changing from laminated
glass to IGU (Insulated Glass Unit), even decreasing
the SHGC from 0.38 to 0.28, the energy need for
cooling has increased for all cases in Curitiba and
Brasilia. In Sao Paulo, the performance of cases with

IGU was almost the same of cases with laminated
glass.

This behavior confirms that for some types
of climate, building design and use, the thermal
insulation of the fagade cannot lead to any
improvement in the energy performance of the
building. In extremely hot climates, such as Rio de
Janeiro and Salvador, the use of IGU brings minor
benefits.

The glazed skin facade presented higher
energy consumption for cooling than those options
with exterior walls exposed to outside air. The
greenhouse effect provided in the air gap between
the glass layer and the exterior wall had increased
the cooling demand of the building for all
configurations of facades and climates.

The graph on Fig. 8 shows the percentage
of increment in the energy consumption for each of
the 64 cases simulated with glazed skin facade
against the other set of 64 cases, without glazed skin.
It can be noticed that the influence of glass covering
in the facade is most significant in colder climates,
such as Curitiba, S&o Paulo and Brasilia. For hot
climates, the influence of solar radiation on the
facade is minimized by the influence of heat gain
due to difference of temperature between outdoor
and indoor environments. This increments in energy
consumption was higher than 20% in Curitiba, for
those cases with higher exterior wall area, i.e.,
WWR equal to 30%.

As the building has other important sources
of heat gain, the increase on window area may not
represent a significant growth in the energy
consumption for cooling. The graph of Fig. 9 shows
the relative increase of energy consumption from
cases with WWR 60% to cases with WWR 30%,
considering building models without glazed skin. It
can be seen that when using clear glass the
increment on energy consumption can overcome
25% in Curitiba and Brasilia. But when using
selective glazing systems in hot climates, such as
Rio de Janeiro and Salvador, the double of window
area increases the energy consumption for cooling
up to 10%. Therefore, this result confirms that
window aperture can be increased with the use of a
high selective glazing system to minimize the
increase on energy consumption.

When using glazed skin facade, the
increment on energy consumption due to higher
WWR is lower, as shown in Fig. 10. In this case, the
growth in need for cooling can be lower than 5% in
Rio de Janeiro and Salvador, when using selective
glazing systems and doubling the window area.
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Figure 7 — Annual energy consumption for cooling
(MWh) of building models with conventional fagade
as function of WWR, type of glass and climate.
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Figure 8 — Increase in the annual energy

consumption of fully glazed facade compared to
conventional one as function of WWR, type of glass
and climate.
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Figure 9 — Increase in the annual energy
consumption when WWR increases from 30% to
60% in conventional facade for each city and glass

type.
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Figure 10 - Increase in the annual energy
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60% in fully glazed facade for each city and glass

type.

IV. CONCLUSION

This paper presents an analysis of the
influence of glazed facades configuration in the
energy consumption of an office building in five
Brazilian cities. The analysis was conducted through
computer simulation by using of EnergyPlus
software. A set of 128 parametric simulation runs
was carried out covering different configurations of
facades and climates.

The energy consumption for cooling was
confirmed linearly dependent on the window area
for all climates under analysis. But the level of
influence of the glazed area on energy consumption
depends on other factors, such as type of glass and
type of facade covering. Selective glazing systems,
with Solar Heat Gain Coefficient (SHGC) lower
than 40% has provided better energy performance
for the building envelope. The window area can be
significantly increased when using more efficient
glazing systems, with low impact on energy
consumption on hot climates.

The glazed skin facade showed to be less
efficient than those configuration without the glass
covering over opaque walls. This behavior was
confirmed for all climates under analysis, with
higher influence on coldest climates, which
experience more impact from solar radiation into the
building than the heat gain due to difference of
temperature between inside and outside. The
greenhouse effect provided in the air gap between
glass covering and exterior wall increased the energy
need for cooling.

The use of Insulated Glass Unit (IGU), i.e.,
double glazing systems with air gap, showed to be
unhelpful in colder climates, even for those building
models with high window area. For this type of
building design and climate the choice for more
insulated envelope can avoid the heat dissipation
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through the fagade, thus the use of monolithic or
laminated glass is more suitable.

The conclusions obtained in this research

applies only to the building model characteristics
under analysis. Similar assessment to other building
types and climates can be made with caution. The
use of detailed computer simulation is recommended
to define the influence of the architecture decisions
in the energy performance of buildings.
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