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Abstract

1. Introduction and Background

About 50% of the primary energy is consumed in buildings.
Also, about the same percentage of carbon dioxide is emitted
because of buildings’ construction, maintenance and operation.
That’s why improving energy performance of buildings has
been a key element in discussions about environmental
sustainability in buildings in recent decades. A main way to
achieve this goal is to improve buildings’ energy conservation
attributes. Since a big portion of heat transfer in buildings
is through envelopes, designing and implementing energyefficient envelopes would result in major improvements in
thermal and energy performance of buildings.

Human activities have a made a great contribution to the
adverse effects on the environment and ecological systems
and construction industry is believed to have direct negative
impacts on the environment (Kibert, 2008).

This article mainly aims at studying the issue of heating energy
efficiency through envelope design in high-rise buildings. To do
this, first the energy efficiency and its implications in building
sector is briefly discussed. How the envelope design can impact
the thermal performance of buildings is then studied. Finally,
two case-studies which represent typical high-rise buildings
in Tabriz, Iran and Ankara, Turkey will be scrutinized with
respect to their envelope design to see how the typical design
and construction practices in two cities affect heat transfer
through envelope during winter and thus, change heating
energy consumption requirements. Most of the effort in this
paper will be made to compare thermal characteristics of
typical envelope design in two cities through a computational
approach rather than computer modeling which usually needs
a great deal of assumptions. The results can help architects
and engineers in improving design features in order to achieve
improved thermal performance.
Keywords: Energy efficiency, envelope, high-rise buildings

According to the US Energy Information Administration (EIA)
and Architecture 2030 initiative, about 49 percent of all
energy produced in the US is consumed in buildings. Moreover,
about 77 percent of all electricity produced in the US is used
for operation of buildings. It is also mentioned that about 47
percent of CO2 emissions in the US is caused by building sector.
The percentages are even higher around the globe (US EIA,
2009, Architecture 2030, 2010). In Turkey, it is estimated that
between 25-30 percent of the annual energy consumption is
in building sector (Bulut et al 2003). This percentage should
be higher in Iran where the energy prices are lower, compared
with other countries in the region. Some studies estimate that
commercial and household sectors consume about 40% of
total energy in Iran (Karbassi et al 2008).
Because the supply of energy in the region is tied to security
and political issues, and because the fossil fuel energy
sources are diminishing globally, there is a need in all sectors,
including construction industry, to reduce the energy use
and environmental emissions. The present article tries to
achieve this objective by comparing the common design and
construction practices in high-rise buildings in Turkey and
Iran in order to identify the challenges and opportunities each
country is facing and to highlight the areas that need to be
improved.
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1.1 Energy efficiency
Energy efficiency is interpreted as the efforts to reduce the
amount of energy required to produce products and operate
them. In building sector, it is usually used as the goal to
develop buildings that capable of achieving user’s comfort and
meeting their functional needs with lower levels of consumed
energy. Part of this is done by improving technologies of
products and building components used in buildings such as
recent technologies applied in window systems (low-e doubleglazed windows, etc.), thermal insulations (gas-filled panels,
etc.), lighting systems, HVAC systems, etc. The remaining
part, however, is associated with building design – location,
geometry, applying passive solar heating systems, proper
placement of windows, envelope design, etc. (Lechner, 2012).
The sum of these efforts can result in buildings with decreased
levels of energy consumption.
An important consideration in energy efficiency through building
design is how to reduce energy transfer between building and
surrounding environment. Energy is transferred in buildings
mainly through envelope, infiltration and perimeter (contact
with the earth) (Grondzik, 2009). Blocking or, at least, reducing
energy transfer through these media and thus, decreasing
energy losses and gains, can make temperature inside the
buildings easier to regulate with smaller mechanical systems.
1.2 heat transfer through envelope
Heat transfer through building envelope (skin) is closely
associated with the thermal resistance value (R-value) and
overall heat transfer coefficient (U-factor) of the components
used in the building envelope. The higher the R-value or the
lower the U-factor, the more resistant the building is against
the heat transfer and the more energy efficient the building
is. According to Grondzik et al 2009, heat transfer through
envelope is calculated through:
q=UA∆T
Where,
q is hourly heat loss through envelope,
U, U-factor of the building envelope,
A, the surface area of the building envelope and,
∆T, design temperature difference between inside and outside
Since this paper is dealing with heating energy efficiency which
is associated with winter season, ∆T is in fact the difference
between winter design temperature (WDT) and inside
temperature. WDT is climate-dependent and the Selection of
it is based on repetition of the temperatures depending on the
time-lag of the building element (Demirbilek and Yener 1996;
Richard 1982). The designer has choices from the extreme
hourly temperature Cumulative Distribution Function as 1,
2.5, 5, 10% etc. according to heat capacity of the envelope and

use of the building (Demirbilek and Yener 1996). 2.5 percent,
however, is the figure often used by designers to calculate WDT.
1.3 heat transfer through infiltration
Infiltration basically deals with the quantity of the air which
leaks into a building once it is built. Cracks in the envelope,
window parts and doors are the main medium of heat transfer
through infiltration and thus, the air-tightness levels of a
building can control infiltration of heat flows into the building.
Some studies show that about 40 percent of the energy used
to heat and cool an average building is lost to the phenomenon
of infiltration (Woods, 2007).
1.4 heat transfer through perimeter
The earth is usually at a temperature different from the outside
air and also it is more conductive than air. As a result, surfaces
of building that are exposed to the ground experience different
thermal flow conditions from surfaces in contact with the air.
This type of heat loss is related to the perimeter of the slabon-grade floors.
As mentioned in the abstract, this paper aims at comparing
the thermal performance of the exterior envelope (and not the
whole building) in two case-studies (one in Ankara, Turkey,
the other in Tabriz, Iran) to evaluate which envelope (wall)
composition functions better in terms of thermal performance.
Since the scope of the paper is just the exterior envelope,
the authors will ignore calculation of heat transfer through
infiltration and perimeter of the building. Also, it is assumed
that two buildings are mainly affected by outside climate
instead of internal heat gain sources (people, lights and
equipment). In other words, two case-studies are assumed
to be envelope-dominated buildings instead of internal-loaddominated ones. While in real situations, deciding about
whether a building is envelope-dominated or internal-loaddominated is dependent on the buildings balance temperature,
this paper makes this assumption for the sake of simplicity.
Also, the effects of geometry and orientation which affects the
heat gains are beyond this paper.
As a result of all the assumptions made, the thermal
performance of exterior envelopes in two case-studies would
be a function of U-factor (overall heat transfer coefficient) and
∆T (design temperature difference between inside and outside).
In other words, U∆T in two case-studies would be compared
and conclusions would be made with recommendations for
better envelope design in two climates.
1.

Portakal Tower, Ankara, Turkey

Located in Ankara, Turkey, Portakal tower is a residential
tower with a height of 160 meters and 37 floors (33 floors
above ground). Constructed in 2009, the building represents
modern construction standards in Turkey.
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The building’s exterior envelope consists of layers of aluminum
façade sheets, air cavity space, thermal insulation, masonry
wall and inside plaster layers. Also, the building benefits from
double-glazed windows which are an important element in
reducing heat transfer through apertures. Figure 1 illustrates
how the wall layers compose the outer envelope of the building.

The total R-value of the whole envelope (wall) in Portakal
tower is the sum of the R-values of the component layers. That
is,
Rt= 0.12 + 0.11 + 0.17 + 1.29 + 0.17 + 0.34 + 0.03 = 2.23 K.m2/W
Thus, U= 1/ Rt= 0.448 W/K.m2
To calculate the heat transfer through envelope for the unit area
of the envelope, we need to have ∆T. This factor, as mentioned
earlier in this article, is the difference between winter design
temperature (WDT) and inside temperature. WDT for Ankara
where the building locates is -5.7 ̊C (Bulut et al 2003). The
inside temperature is assumed 22 ̊C. Thus, for walls,
U∆T= 0.448*(-5.7-22)= -12.4 W ̊C /K.m2
The minus sign determines the heat flow direction which in this
case is from the inside toward outside.
The window systems are also part of an envelope subject
to heat transfer. The window system in Portakal tower is of
double-glazed system with a U-value of 2.8 which improves
the thermal performance of the envelope in locations where
windows are installed. In these locations,
U∆T= 2.8*(-5.7-22)= -77.56 W ̊C /K.m2
2. Eskan tower, Tabriz, Iran
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Figure 1. Layers of exterior envelope in Portakal tower,
Ankara, Turkey.
Overall heat transfer coefficient (U-factor) of the envelope
(wall), as a function of thickness of component layers and
material characteristics (thermal resistance or R-value) is
the main attribute of a building component when examining
its thermal performance. This coefficient is the inverse of
the addition of R-values of the components layers in a wall.
R-values of the component layers are shown in table 1.

Table 1. R-values of component layers in the envelope –
Portakal tower
Thickness
(cm)

R-value
(K.m2/W)

-

0.12

gypsum plaster

2.5

0.11

masonry wall

22

0.17

rock wool batt

5

1.29

air cavity space

10

0.17

aluminum façade

3.5

0.34

-

0.03

Layer
inside air film

outside air film

Located in a central neighborhood in Tabriz, Iran, the Eskan
tower represents modern architecture and construction of
high-rise buildings in the city. The building mostly encloses
commercial uses. However, the building is following the
construction details common in residential buildings. Even, due
to budget issues, the window and curtain wall systems applied
are single-glazed systems which make the building even more
susceptible to heat gains and losses.
Again, U∆T for the tower in Tabriz should be calculated to
be compared with the case in Ankara. Table 2 shows the list
of materials used in construction of the envelope with their
associated thicknesses and thermal resistance ( R ) values.
The total R-value of the whole envelope (wall) in Eskan tower
is the sum of the R-values of the component layers. That is,
Rt= 0.12 + 0.11 + 0.085 + 0.17 + 0.34 + 0.03 = 0.855 K.m2/W

Table 2. R-values of component layers in the envelope –
Eskan tower
Layer
inside air film
gypsum plaster
masonry wall
Thermal insulation
air cavity space
façade layer
outside air film

Thickness
(cm)

R-value
(K.m2/W)

2.5
20
0
5
3.5
-

0.12
0.11
0.17
0
0.085
0.34
0.03
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Thus, U= 1/ Rt= 1.17 W/K.m2

in locations where windows locate.

The next step is to get ∆T which is needed to calculate the heat
transfer through envelope for the unit area of the envelope.
WDT for Tabriz where the building locates is -10 C
̊ and the
inside temperature is assumed 22 ̊C. Thus,

Finally, while the climate in Tabriz requires consideration of
more efficient strategies to resist the colder climate, the casestudy used in this research which is representative of common
practice shows insufficient application of techniques and
methods to improve the thermal performance of the building
compared to Ankara which benefits more efficient architectural
and construction practices.

U∆T= 1.17*(-10-22)= -37.42 W ̊C /K.m2
The window system in Eskan tower is a traditional inefficient
single-glazed one. The U-value of this system is 5.6 W/K.m2.
For this parts of the envelope in this tower,
U∆T= 5.6*(-10-22)= -179.2 W ̊C /K.m2
3.

Discussion

This computational study of the thermal characteristics of
the envelopes in two case-studies shows interesting results
regarding the performance of two walls. Table 3 illustrates the
difference between two envelopes with this respect.

Table 3. Comparison of thermally associated characteristics of two case-studies
Eskan
tower

Portakal
tower

Location

Tabriz

Ankara

Climate

cold and
semi-arid

cold and
semi-arid

WDT (̊C)

-10

-5.4

Wall orientation

South

South

Insulation type

-

rock wool

1.17

0.448

-37.42

-12.4

-179.2

-77.56

U-value (W/K.m2)
U∆T for walls (W ̊C /K.m )
2

U∆T for windows (W ̊C
/K.m2)

The results reveal that U-value of the wall part of the
envelope in Eskan tower is 2.6 times less efficient than the
one in Portakal tower. This even gets worse considering the
lower winter design temperature in Tabriz which results in
the envelope being more vulnerable to the effects of climate.
Higher U-value in Eskan tower is the result of failure to apply
thermal insulation in the envelope. On the other hand, Portakal
tower is a good example of how thermal insulation can lower
the thermal loads imposed on mechanical systems through
affecting heat transfer coefficient of the envelope. In fact,
thermal insulation is a simple but effective tool in regulating
the internal temperature of the building through restricting
heat transfer. Rockwool insulation used in Portakal has sound
absorption characteristics which make it most appropriate in
situations where acoustic is a concern.
Also, the applying double-glazed window system in Portakal
tower has resulted in a much more thermally efficient system

Conclusion
Sustainable architecture cannot be achieved without applying
appropriate strategies to improve the energy efficiency of
the building as well as improvement of water and resource
consumption. Moreover, heating and cooling are the largest
consumers of energy in buildings and to improve energy
performance of buildings, we need to develop envelopes that
are more effective in terms of resistance against the harsh
climate outside.
Heat transfer through envelope can largely restricted through
applying right quantity and quality of thermal insulation as
well as appropriate multi-glazed window systems.
This study focused on comparing two high-rise case-studies in
Ankara and Tabriz with regard to the thermal characteristics
of their envelopes. We showed that the high-rise building in
Tabriz characterizes lower R-value (and higher U-factor, and
therefore more winter heat loss), even though it is in a climate
zone with lower winter design temperature, which requires
better insulation practices. Unfortunately, common practices
in architecture and construction in Iran lacks consideration of
energy-efficiency principles and methods. While part of this
has to do with policy-making systems that do not encourage
energy-efficient architecture, the unavailability of efficient
building systems, professional cultures that are resistant
to application of the recent methods and technologies, and
problems in education of architects and professionals also play
a major role in this regard.
While the construction practices in Turkey clearly show greater
consideration of energy-related issues in building envelope,
there is still a large gap between the common practices in
Turkey and those seen in some of the European and North
American countries.
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