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Abstract

1. Introduction

One aim of sustainable design may be, “to protect important
resources such as energy from depletion and the reduction
of the release of poisonous gasses, such as CO2, to the
atmosphere”. For this purpose, buildings which are a major
cause of energy resource wastage must be designed in such a
way to avoid such energy losses. In developing countries like
Turkey, where much energy is exported to satisfy her needs,
necessary methods of energy reduction were required. Thus
regulations such as the TS 825 (Turkish Standard) updated
in 2008, had to be forwarded that dictated the following of
a maximum U-Value (Thermal Transmittance) that satisfied
different building envelope elements. In Turkey, energy
losses occurred in the industry, building, transportation,
and agriculture sectors with the building sector contributing
to much of the losses. This paper deals with the temperate
cold dominated climate of Ankara, which necessitated the
construction of buildings that have to consume less energy
to heat their interiors. Thus conservation of space heating
constituted a major requirement of achieving energy efficiency.
This paper investigates the building envelope of an apartment
floor (three flats) in Etlik district in Ankara. The investigation
consisted of a study of three different options of walls with
different configurations and three different options of windows
with different properties. All options were simulated using
an energy oriented software, Design Builder, with the results
documented and analyzed in the conclusion.

The main aim of this paper was to test several building
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total wall system sections that were tested. The influence of

envelope systems that would influence the energy and the
economic efficiency of the design. By means of a summation
of the initial investment and operation costs and a comparison
of yearly energy loads obtained with the usage of an energy
oriented computer simulation program, the performance of few
window types as well as a number of different wall systems
was tested.
Another aim was to investigate and compare the performance
of the same three typical, conventional and common window
systems which are available in the market. They represent
different window glazing alternatives used throughout the
years of glazing technology performance. Ranging from a
basic window glazing type with a relatively high thermal
transmittance of 2.715 W/m2.k which was chosen as the base
case alternative, to a window glazing type with a reasonably
low thermal transmittance of 1.548 W/m2.k lower than the
standard required minimum and finally a high performance
glazing window type with a thermal transmittance of 0.778 W/
m2.k.
Included in this investigation were three different block
materials namely Aerated Autoclaved Concrete Blocks,
Heavyweight Concrete Blocks and Lightweight Concrete Blocks
which have different characteristics of heat conductivity. This
property of the blocks influenced the heat transfer through the
this property on the interiors of the apartment was tested for
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all wall system sections under investigation with the results
being obtained from the simulation program Design Builder.
Another important aim was to test the absence of insulation
in all the three different block wall system sections to see
its effect on the opaque building envelope and to find out its
importance in the cold climate of Ankara.
As an attempt to find alternative block materials to be used
in wall system sections, this paper dealt with the basic
originally used wall system section and investigated the
efficiency of the three different construction wall systems
namely Aerated Autoclaved Concrete Blocks, Heavyweight
Concrete Blocks and Lightweight Concrete Blocks. Here, the
important factor which was investigated was the distribution
and location of the insulation layer. It was tested by either
locating the insulation to the outside of the exterior wall
or sandwiched between block wall layers or located inside
the exterior wall. Studies have been implemented to decide
which location was the most efficient location. This paper
also attempts to clarify this issue by means of understanding
and comparing the simulation undertaken using the computer

Figure 1 Estimated percentage rates of energy use per
sector in Turkey (2010) [3]; [4]; (MTOE = Ton of oil equivalent).
In many countries, the energy used for heating interiors
consumes the most of the energy expenditure. For example,
space heating accounts for 40% of the entire energy used in
houses as could be seen in table 1 below [2]; [5].
Table 1 Energy usage division within buildings in percentage
(%) [2]; [5].

program Design Builder.
In addition to the energy and economic efficiency performance
investigation of the three glazing window alternatives and
the different wall system sections, an orientation energy
comparison of the first floor of three different flats-1, 2 and 3
that face South-West, South-East and North respectively was
investigated. The influence of the solar energy caused by the

Space heating
Water heating
Air condition ventilation
Lighting illumination
Cooling freezing
Other

Houses
40
17
7
7
12
17

Commercial
32
5
22
25
16

conclusion.

In order to achieve interior comfort and to conserve energy,
proper design of the building envelope is a major factor. Thus
passive heating conditions of the building envelope influenced
by the opaque components, for example walls, and transparent
components such as windows should be applied [6].

According to these aims, the objectives are not only to reduce

2.2 Thermal Comfort

prevailing sun from the morning to the evening passing from
dawn’s eastern sun to the mid-days southern sun through to
the western setting sun would be mentioned in this paper’s

the release of pollutants such as CO2 produced by the burning
of fossil fuels used in heating the interiors but also to reduce
the energy spent by the mechanical equipment that is used
for heating during the winter in the temperate cold dominant
climate of Ankara.
2. Literature Survey
2.1 Statistics From Turkey
Energy is consumed by four major fields namely industrial,
building (residential), transportation, and agriculture. Figure
1 below shows the division of the energy usage within the
different fields calculated for 2010 [1]; [2]. From figure 1
below, it could be concluded that from all the sectors, the
industrial field consumes the most energy followed by the
building sector.

The shape of the building as well as the thermal transmittance
or overall heat transfer coefficient (U-value) of the building
envelope affect the loss of heat through it to achieve interior
thermal comfort and heating energy conservation [7].
Provision for suitable interior temperatures and dwellers
comfort should be considered. Thermal comfort is achieved
when the state of mind of the occupants is satisfied within
the thermal dwelled zone [7]; [8]. In cold climates, if natural
thermal satisfaction is not achieved within the occupied zones,
then provision of artificial heat would be required. Since more
energy is used to fulfill this artificial heating, energy sources
are depleting rapidly. Thus, energy conservation has become a
major subject in developing countries such as Turkey.
2.3 The Building Envelope
The presence of the building envelope is to keep the interior
environment within acceptable limits [9]; [10]. As a protective
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barrier, the building envelope achieves thermal comfort
by means of energy efficiency, cost, durability, and other
performance criteria [11].

from buildings. An amount of 77% of energy consumed within

2.3.1 Windows (Openings)

was applied in buildings in Turkey, something which led to

Since windows are important parts of the building envelope

energy, the Ministry of Public Works and Housing released a

which have significant effect on the energy performance, they
have to be chosen with care [12]. Within building envelopes, the
windows are the main source of thermal losses to the exterior.
In cold climates, an amount of 10% to 25% of the heat loss is

a building could be saved by adding thermal insulation to
roofs and walls [22]; [23]. In the past almost no insulation
high heating energy consumption. Since Turkey imports much
new regulation namely TS 825 in 1998 (updated in 2008), once
applied, reduced considerable energy consumption in buildings
[23]; [24].

transmitted through windows to the exterior [13].
According to a study by Rousseau in 1988 an investigation
involving double-glazed or triple-glazed windows which
accommodated two or three panes of glass respectively
sandwiched together with a layer of air or inert gas between
each pane was undertaken. These double or triple glazed
windows provide more thermal resistance when compared to
single pane windows. The reason for this was that the air or
inert gas layer prevented the heat flow towards the interior,
while doing little to hinder the heat flow exchange [14]; [15].
2.3.2 Masonry Walls
Masonry is a means of construction made of stone, concrete,
brick, gypsum, hollow clay tile, concrete brick, tile, or other
similar building units of materials combined and set into
906

close positioning with mortar. In Turkey common construction
utilizes concrete such as lightweight or heavyweight or clay
masonry blocks for walls.
In order to provide low energy consumption with the lower heat
losses through masonry walls of masonry blocks, one option is
to have insulation material in the form of a sandwich solution

Figure 2 Thermal regions of 81 cities for Turkey (Ankara
being numbered as city 6 in region 3) [25].
In Turkey, TS 825 ‘Heat Insulation Code in Building’ described
from figure 2 above and table 2 below is the only regulation
addressing the insulation issue. In this document, Turkey is
separated into four climatic regions, and the maximum heat
transmittance coefficient (U-value) of walls, roofs, floors and
windows in these regions were determined. According to this,
the maximum U-value for Climate Regions I, II, III and IV should
be 2.4 W/m2K for all window glazings [25]. Ankara is located
in region III.

Table 2 Thermal Transmittance requirements according to
TS 825 Standard [24].

with two block layers and thermal insulation in the middle.
In this kind of construction, mineral wool or polystyrene or
polyurethane would be the most suitable insulating material
[16].
2.3.3 Wall System (Aerated Autoclaved concrete (AAC)
Block)
Due to its light-weight, low density, high fire resistance and
unique thermal and breathing properties, Aerated Autoclaved
Concrete (AAC) has been one of the most commonly used
construction materials recently [17]; [18]; [19].
2.3.4 Insulation
Thermal insulation may be defined as a material or a collection
of materials which when together heat transfer, either by
conduction, convection, and radiation is slowed down to and
from a building because of its high thermal resistance property
[20]; [21].
Wall thermal insulation is one method to decrease heat loss

The walls with all its components such as the masonry blocks,
plaster and thermal insulation are very important in the
thermal calculations of the building [23]; [26].
According to the study by Mohsen and Akash in 2001 different
building insulations such as polystyrene, rock wool, and air
gaps were investigated in regards to the energy they save.
They concluded that 77% energy savings could be obtained
once polystyrene are used for both walls and roofs insulation
[2]; [22].
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3. Material and Methodology
3.1 Material

Figure 3 Apartment photograph (14 / 11 / 2013)

Figure 5 Flat-1, Flat-2, and Flat-3 facing South-West,
South-East, and North respectively (Design Builder).
The figure 5 above shows the perspectives details of the flat1, flat-2 and flat-3 as obtained from the simulation software
Design Builder.
As shown in figure 5 above, an adiabatic surface was used in
the ground floor and the second floor as well as the adjacent
zones for each of the flats. This application of adiabatic
adjacency meant that the heat was not transferred across to
the nearby zones from the three flats. This fact was required in
this study since the heat released by the heating system was
not to be lost to either the ground floor or second floor or to
the nearby zones thus a heat equilibrium was maintained. The
only thermal activity occurring was that along the entirety of
each flat internally and most importantly through the opaque

Figure 4 The typical floor plan (first floor) with three
apartments namely the flat-1 facing South-West, flat-2
facing South-East and flat-3 facing North.
The apartment residential building investigated in this paper
is a typical residential building in Turkey located in Ankara.
The construction completion dated back to 2009 and according
to the surrounding buildings it was the latest. This paper
attempted to test the building envelope of all the flats, three
in number, in the apartment first floor as shown in figure 4
above. Figure 3 above shows the photograph of the apartment
building exterior investigated.

(walls) and transparent (windows) components of each of the
three flats building envelopes.
3.2 Windows Under Investigation
In this paper, the part that involved the window glazing
investigation included three types of commonly used window
alternatives in Turkey [27]. The types are:
1) ISICAM KLASIK (4 + 16 + 4) cm. This was the simplest of
the three windows and was used as the reference window.
(U-Value = 2.715 W/m2.K).
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2) ISICAM SINERJI (4 + 16 + *4) cm. This type of window
glazing satisfied the TS 825 standard [24] requirement. Due
to this reason it is used widely in Turkey. (* Represents the
location of low-e Coating) (U-Value = 1.548 W / m2.K).
3) ISICAM SINERJI 3+ (4* + 16 + 4 + 16 + *4) cm. This type
of window glazing provided higher performance in cold
climates. It also satisfied the TS 825 Standard [24]. (*
Represents the location of low-e Coating) (U-Value = 0.778
W / m2.K)

Here the areas of the different block wall components were
calculated to find the initial investment and operation costs
and from the data obtained from the simulation their heating
loads for the cold dominant climate of Ankara were obtained.
The original construction was taken as the base case and the
study was held for three different flat apartments in one floor.

Table 3 Characteristics of used materials of the case
study.
Thermal
Conductivity
(W / m.K)
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Specific Heat Density
Capacity (J / (kg / m3)
kg.K)

Gypsum Insulating
Plaster

0.180

1000

600

MW Glass wool (High
Performance Panels)

0.032

840

30

XPS Extruded
Polystyrene-CO2 Blowing

0.034

1400

35

EPS Expanded
Polystyrene-Standard

0.040

1400

15

13.5 cm Brick Block

0.320

1000

600

8.5 cm Brick Block

0.320

1000

650

Aerated Autoclaved
Concrete (AAC) Block

0.110

896

2800

Heavy Weight Concrete
Blocks

1.630

1000

2300

Light Weight Concrete
Blocks

0.190

1000

600

Concrete Reinforced (with
2% steel)

2.500

1000

2400

Screed

0.410

840

1200

Wooden Floor

0.140

1200

650

Figure 6 Aerated Autoclaved Concrete Blocks for four different Wall System Sections and The Base Case Section.

The compositions of the interior partitions, floor and ceiling
slabs and floor finishes were maintained the same. Moreover,
when the three window options were being investigated all the
other base case conditions were maintained as the existing
built situation. The properties of all the building materials used
in this investigation are given in table 3 above.
3.3 Wall Sections Under Investigation
The second part of the investigation in this paper was to test
the thermal energy efficiency of four wall system sections for
each of three different types of block materials namely Aerated
Autoclaved Concrete (AAC) Blocks, Heavy Weight Concrete
Blocks, and Light Weight Concrete Blocks. The three different
block wall system configurations are shown in the figures 6, 7
and 8.

Figure 7 Hollow Heavyweight Concrete Blocks for four different Wall System Sections and The Base Case Section.
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Table 5 The zonal and window size information (Keçiören
Municipality).
Zone
Saloon (Win.)
Saloon (Door)
Kitchen
M. Bedroom
Bedroom-1
Bedroom-2
Laundry
Bathroom
Bath
WC
Corridor
Total

Figure 8 Hollow Lightweight Concrete Blocks for four different Wall System Sections and The Base Case Section.
The information regarding the apartment flat zones, their areas,
the total area of each flat and the dimensions and areas of the
windows with their orientation were given in table 5 below.
3.4 Method
The investigation in this paper constituted the usage of a
computer program. It was known as “Design Builder”. Design
builder was a multi-zone simulation software which calculated
the thermal indoors of the flats investigated during any period
of time and in this paper the period was an entire year. Data
collected from this program helped in thermally analyzing the
different building envelope alternatives investigated in this
paper. According to this paper the Design Builder HVAC system
template used is hot water radiator in winter and natural
ventilation in summer.

Table 4 The factors used in the Initial Investment and
Operation Costs Estimation
Analysis type

Initial Investment and
Operation Costs

Beginning date/ Service date
Study period
Planning/Construction period
Fuel type

2007 / 2009
30 years
2 years
Natural gas, electricity

The unit cost of natural gas

0.08686175 TL / kWh
( for 01 / 04 / 2014 )

The unit cost of electricity

0.28386 TL / kWh
( for 01 / 10 / 2012 )

Saloon (Win.)
Saloon (Door)
Kitchen
M. Bedroom
Bedroom-1
Bedroom-2
Laundry
Bathroom
Bath
WC
Corridor
Total

Saloon
Kitchen
M. Bedroom
Bed-1 (Win.)
Bed-1 (Door)
Bedroom-2
Laundry
Bathroom
WC
Corridor
Total

Flat-1
Area (m2)
27.1500
---9.8150
15.2250
11.8125
8.4350
1.9575
3.0725
1.9500
1.5950
9.4800
103.5632
Flat-2
Area (m2)
27.1500
---9.8150
15.2250
11.8125
8.4350
1.9575
3.0725
1.9500
1.5475
9.4800
105.2381
Flat-3
Area (m2)
24.5250
14.1400
12.0000
13.5300
---12.2100
1.4975
5.7700
1.4375
8.9400
107.0125

Window Dimension and
Orientation
Area
L (m) H (m)
Direction
(m2)
2.20 1.60
3.52
S
0.90 1.30
2.06
W
1.40 1.30
1.82
W
1.50 1.30
1.95
W
1.70 1.30
3.10
S
1.20 1.30
1.56
W
-----------0.40 0.50
0.20
IV
0.40 0.50
0.20
IV
0.50 0.50
0.25
IV
------------= 14.66

2.20
0.90
1.40
1.50
1.70
1.20
---0.40
0.40
0.50
----

1.60
1.30
1.30
1.30
1.30
1.30
---0.50
0.50
0.50
----

3.52
2.06
1.82
1.95
3.10
1.56
1.78
0.20
0.20
0.25
---= 14.66

S
E
E
E
S
E
---IV
IV
IV
----

2.20
1.40
1.50
1.50
0.90
1.50
---0.40
0.30
----

1.60
1.30
1.30
1.30
1.30
1.60
---0.50
0.50
----

3.52
3.09
1.95
1.95
1.17
2.40
---0.20
0.15
---= 14.43

N
E
W
N
W
N
---IV
IV
----

The known factors of initial investment and operation costs in
this thesis were considered instead of the entire life cycle cost
which involves knowing the total cost of owning, operating,
maintaining, repairing, replacing and disposing of a building
or a building system over a period of time. Since all the other
factors such as owning, maintenance, repairing, replacing
and disposing are not known, they may be considered as
typical constants in all calculations. Thus their effect on the
total initial investment and operation costs calculations of
the glazing alternatives and different wall sections would be
relatively proportional. Therefore only the initial investment
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and operation costs calculations were considered in paper.
The factors used in the initial investment and operation costs
estimation are given in table 4 above.
4. Findings
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In this paper, the energy and economy efficiency of three
double-glazing units and thirteen different wall systems were
used in three flats of the first floor of an apartment building.
They were calculated from the simulation results for the cold
climate of Ankara. From the simulation results, table 6 below
shows the energy and economy efficiencies of the case study
wall sections. From the simulation results it was concluded
that the three different configurations of the wall insulation
namely at the exterior, the center, and the interior produced
similar energy efficiency performances. This was noticed for the
three types of wall block sections namely Aerated Autoclaved
Concrete, lightweight concrete blocks and heavyweight
concrete blocks. For this reason the following ranking system
was applied starting from 1 to represent the best wall section
in terms of energy efficiency performance and ending with 7 to
represent the worst wall section in terms of energy efficiency
performance. Accordingly, a point system starting from 35 was
given to the 1st ranking and 5 was given to th2 7th ranking. This
was done to enable the best ranking to have the most number
of points when the total energy efficiency performance of the
three flats was considered and at the same time the worst
ranking to have the least number of points.

Table 6 A comparison of the energy efficiency and economy efficiency of the investigated wall sections

Wall
Sec.

Base
1A
1B
1C
1D
2A
2B
2C
2D
3A
3B
3C
3D

Flat-1
Energy
Economy
Efficient
Efficient
PerforPerformance
mance
Ra- Poi Ra- Poi
nk
-nt
nk
-nt
3
25
9
25
4
20
8
30
1
35
6
40
1
35
12
10
1
35
5
45
7
5
13
5
5
15
7
35
5
15
11
15
5
15
3
55
6
10
4
50
2
30
2
60
2
30
10
20
2
30
1
65

Flat-2
Energy
Efficient
Performance
Ra- Poi
nk
-nt
3
25
4
20
1
35
1
35
1
35
7
5
5
15
5
15
5
15
6
10
2
30
2
30
2
30

Economy
Efficient
Perfor-mance
Rank
9
8
6
12
5
13
4
11
3
7
2
10
1

Poi
-nt
25
30
40
10
45
5
50
15
55
35
60
20
65

On the other hand the economy efficiency performance differed
considerably for all the wall sections. Thus, a ranking system
starting from 1 to represent the best wall section in terms
of economy efficiency performance and ending with 13 to
represent the worst wall section in terms of economy efficiency

performance was applied. Accordingly, a point system starting
from 65 was given to the 1st ranking and 5 was given to the
13th ranking. This was done to enable the best ranking to have
the most number of points when the total economy efficiency
performance of the three flats was considered and at the same
time the worst ranking to have the least number of points.

Table 6 (Continued)
Flat-3
Energy
Economy
Efficient
Efficient
PerforPerformance
mance
Ra- Poi Ra- Poi
nk
-nt
nk
-nt
2
30
9
25
4
20
8
30
1
35
7
35
1
35
12
10
1
35
6
40
7
5
13
5
5
15
4
50
5
15
11
15
5
15
3
55
6
10
5
45
3
25
2
60
3
25
10
20
3
25
1
65

Total
Energy
Efficient
Performance
Points

Total
Economy
Efficient
Performance
Points

TOTAL
Points

80
60
105
105
105
15
45
45
45
30
85
85
85

75
90
115
30
130
15
135
45
165
130
180
60
195

155
150
220
135
235
30
180
90
210
160
265
145
280

In terms of the total energy efficiency performance by rank
from table 7 shown below, the ranking from best to worst (1
to 7) was as follows:

Table 7 Ranking by the total energy efficiency of the investigated wall sections for all the three flats (Note: Wall
sections with similar energy efficiency performance are
given the same rank. The total number of sections is 13)
Ranking by energy efficiency performance
from 1 to 7

Wall Section

1
1
1
2
2
2
3
4
5
5
5
6
7

1B
1C
1D
3B
3C
3D
Base
1A
2B
2C
2D
3A
2A

According to the simulation results sections 1B, 1C, and 1D
perform similarly with slight energy differences even though
their configurations are different. The best energy efficiency
performance occurs for the Aerated Autoclaved Concrete block
wall sections as could be seen in the sequence shown in table
7. This is followed by sections 3B, 3C and 3D constituting of
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Light weight concrete block wall sections and finally followed
by 2B, 2C, and 2D constituting of heavy weight concrete block
wall sections.
In addition, due to the lower heat conductivity value of the
Aerated Autoclaved Concrete blocks when compared to
lightweight concrete blocks and heavyweight concrete blocks,
wall sections 1B, 1C and 1D that involve Aerated Autoclaved
Concrete blocks produce the best energy efficiency performance.
Also as could be concluded that due to the difference of heat
conductivity values, wall sections 3B, 3C and 3D which involves
lightweight concrete blocks follow 1B, 1C and 1D wall sections
in energy performances. These were then followed by wall
sections 2C, 2D and 2B which involve heavyweight concrete
blocks.
A final conclusion that was noticed was that regarding the
sections without insulation namely 3A and 2A. According to
the energy efficiency ranking, they attain the last two places
in the list respectively. This meant that the highest energy
was required to be produced by the heating system in order to
achieve the required interior thermal comfort.
In terms of the total economy efficiency performance by rank
from table 8 shown below, the ranking from best to worst (1 to
13) was as follows:

Table 8 Ranking by the total economy efficiency of the
investigated wall sections for all the three flats (Note: All
wall sections have different economy efficiency performance and rank. The total number of sections is 13)
Ranking by economy efficiency performance
from 1 to 13

Wall Section

1
2
3
4
5
6
7
8
9
10
11
12
13

3D
3B
2D
2B
1D
3A
1B
1A
Base
3C
2C
1C
2A

From table 8, it could be concluded that the wall sections 3D
and 3B respectively are the most economically efficient in the
long term of 30 years. This may be explained by the fact that the
operation cost summed as a total of the three flats, is lesser
than the operation costs for other wall sections (to calculate
the operation costs of the building, the yearly heating energy
costs are multiplied by unit cost of the fuel, natural gas, used
to run the heating system multiplied by the study period). This
economic efficiency is supported by the low initial investment of
both the wall sections. So when both the operation and initial

investment costs were added the results indicated that wall
sections 3D and 3B respectively are the most economically
efficient compared to the other wall sections. Similarly, when
the initial investment and operation costs are calculated to wall
sections 2D and 2B as well as 1D and 1B, the results showed
that the wall sections 3D and 3B which involves lightweight
concrete blocks produced the most economic efficiency in the
30 year study period. This was followed by wall sections 2D
and 2B in then 1D and 1B.
From the economy point of view, the 3C, 2C and 1C wall
sections which included sandwiched insulation and two wall
block layers the initial investment increased due to the fact
that double distance block construction costs and efforts
were undertaken when compared to the single layer block
construction efforts applied in the construction of the other
wall sections. Thus, more blocks and energy are used in these
double wall configurations. In turn, this influences the initial
investment cost by a considerable margin which makes the
wall sections 3C, 2C and 1C wall sections economically less
efficient.
A final conclusion could be noted about wall section 2A which is
the least economically efficient. While the initial investment is
reasonably similar to other wall sections’ initial investments,
the affecting factor here is the operation cost which is relatively
higher than those for other wall sections. As mentioned earlier,
the operation cost calculated for this wall section 2A, summed
as a total of all the three flats is more than the operation costs
calculated for all the other wall sections. Since this operation
cost is high, this factor influences the economy efficiency, thus
making wall section 2A the worst economically efficient wall
section for the 30 year period of study.
In terms of both the total energy and economy efficiency
performance by rank from table 9 shown below, the ranking
from best to worst was as follows:

Table 9 Ranking by both the total energy efficiency and
economy efficiency of the investigated wall sections for all
the three flats (Note: The total number of sections is 13)
Ranking by both energy and economy
efficiency performance from 1 to 13

Wall Section

1
2
3
4
5
6
7
8
9
10
11
12
13

3D
3B
1D
1B
2D
2B
3A
Base
1A
3C
1C
2C
2A

911

2nd International Sustainable Buildings Symposium
Considering the coupled energy and economic efficiencies of
the wall sections as shown in table 9 above, wall sections
3D and 3B which involve AAC blocks produce the best option.
This is followed by wall sections 1D and 1B which involve
lightweight concrete blocks and finally wall sections 2D and
2B which involve heavy weight concrete blocks. Wall sections
3A and 1A which have no insulation rank in mid-table. While
wall sections 3C, 1C, and 2C with mid-insulation are ranked at
the end due mainly to their high economic values. And finally
wall sections 2A perform the worst in terms on both energy
and economic efficiency, with the absence of insulation being
the major factor in deciding their low energy performance and
their worst ranking.
From tables 6 and 7 it could be understood that since wall
sections 1B, 1C, 1D and 2B, 2C, 2D and 3B, 3C, 3D have slight
differences in energy performance each in their category and
since the only change in their structure is the placement of the
insulation layer, from this point of view, it could be concluded
that the placement of insulation has little importance on the
energy performance. However this placement of insulation
is really important in order to protect against condensation
problems. If continuous heating is used in residential buildings,
it would be better that the insulation layer be placed facing the
outdoors in order to keep the wall layers warm.

Table 10 A comparison of the energy efficiency and
economy efficiency of the investigated glazing units
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Flat-1
Energy
Efficient
Performance

Glazing
Unit

Flat-2

Economy
Efficient
Performance

Energy
Efficient Economy Efficient
PerforPerfor-mance
mance

Rank

Poi
-nt

Rank

Poi
-nt

Rank

Poi
-nt

Rank

Poi
-nt

Isicam
Klasik

3

10

3

10

3

10

3

10

Isicam
Sinerji

2

20

2

20

2

20

2

20

Isicam
Sinerji 3+

1

From the simulation results, table 10 shows the energy
and economic efficiencies of the case study window glazing
alternatives. In sequence the window alternatives with
minimum energy and economy efficiency performance produce
the best alternative. The best wall section is ranked as 1 and
is given the maximum points of 30. This ranking system from
1 to 3 and the point system from 30 to 10 is applied for all the
three window alternatives to verify their energy and economic
efficiency performance in a sequence from best to worst.
In terms of the total energy efficiency performance by rank
from table 11 shown below the ranking from best to worst was
as follows:

Table 11 Ranking by the total energy efficiency of the
investigated glazing alternatives for all the three flats
Rank

1

2

3

Glazing Unit

Isicam Sinerji
3+

Isicam Sinerji

Isicam Klasik

In terms of the total economic efficiency performance by rank
from table 12 shown below the ranking from best to worst is
as follows:

Table 12 Ranking by the total economic efficiency of the
investigated glazing alternatives for all the three flats
Rank
Glazing Unit

1

30

1

30

1

30

Flat-3
Energy
Efficient
Performance

Economy
Efficient
Performance

Rank

Poi
-nt

Rank

Poi
-nt

1

30

1

30

Total
Energy
Efficient
Performance
Points

Total
Economy
Efficient
Performance
Points

TOTAL
Points

50

50

100

1

30

2

20

70

60

130

1

30

3

10

90

70

160

2

3

Isicam Sinerji 3+ Isicam Sinerji Isicam Klasik

In terms of both the total energy and economic efficiency
performance by rank from table 13 shown below the ranking
from best to worst are as follows:

Table 13 Ranking by both the total energy and economic
efficiency of the investigated glazing alternatives for all
the three flats
Rank
Glazing Unit

30

1

1

2

3

Isicam Sinerji 3+ Isicam Sinerji Isicam Klasik

From tables 11, 12 and 13 for all the flats, the high performance
glazing ISICAM SINERJI 3+ produces the best results first in
terms of energy efficiency, then in terms of economy efficiency
and then in terms of both the total energy and economy
efficiency when compared to ISICAM KLASIK and ISICAM
SINERJI.
However, when flat-3 was considered individually according to
the simulation, all the glazing units tended to perform similarly.
This could be explained due to the fact that little solar energy
was received by the North facing flat-3 to the extent that the
glazing units were not used to their maximum potential causing
them to behave similarly.
As a result, another conclusion may be obtained regarding
the economy efficiency. Since the glazing alternatives perform
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similarly for flat-3, the initial investment proves to be a
burden leading to monetary wastage of the high performing
expensive glazing alternative namely ISICAM SINERJI 3+. This
is followed by ISICAM SINERJI. Since both ISICAM SINERJI
3+ and ISICAM SINERJI were prevented from performing their
high performance intended function, ISICAM KLASIK becomes
economically the most efficient for flat-3.
5. Conclusion
From the findings it could be concluded that different wall
configurations namely insulation at the exterior, the center, and
the interior produced similar energy performances.
Since Aerated Autoclaved Concrete blocks have lower heat
conductivity value when compared to lightweight concrete
blocks and heavyweight concrete blocks better energy
efficiency performances were produced.
From all the sections under investigation and in each of their
category, those ones without insulation provided the worst
results in terms of energy efficiency performance. Here much
of the energy produced within the interior was lost through the
walls to the exterior.
When both the operation cost and initial investment costs
were added in the 30 year study period, the most economically
efficient wall section was that involving lightweight concrete
blocks, followed by those involving heavyweight concrete
blocks and then those involving Aerated Autoclaved Concrete
blocks. This was due to the differences in costs of all these
blocks. From all the above wall sections and in their same
category, wall sections with insulation located in the interior
was more economically efficient than wall sections with
insulation located in the exterior. This was due mainly to their
operation costs more than their initial investment costs.
Economically, sections with insulation in the center followed
the above sections in the 30 year study period. This was due
mainly to the higher investment cost of the walls that involved
double layers of blocks being constructed within the wall
sections for all the three types of blocks.
The worst wall section economically was the one without
insulation in the Aerated Autoclaved Concrete blocks category.
For the 30 year period of study the operation costs for this
section was the highest.
On the other hand when the glazing units were considered
the highest energy and economic performance was achieved
by ISICAM SINERJI 3+ glazing type when compared to ISICAM
SINERJI and ISISCAM KLASIK glazing types. This was due to its
low heat transmittance coefficient (U-Value) which enables the
highest reduction of energy interchange between the interior
and the exterior when compared to the other two glazing types.
This was especially important in the cold climate of Ankara.

One of the conclusions and benefits that could be added from
this investigation would be the possibility of reducing energy
bills and rents. In terms of energy and economic efficiency flat2 resulted in the least heating bills produced by the heating
system during winter, followed by flat-1 and then flat-3.
This was due to the flats different orientations. Flat-2 facing
South East received the most solar energy during the winter
followed by flat-1 facing South West and then flat-3 facing
North. Therefore, the flats rents differ accordingly where flat-2
is allocated the highest rent followed by flat-1 and then flat-3.
In addition, the best wall section and glazing alternatives
concluded from this study would help release the least amount
of CO2 which would have otherwise added to environmental
pollution.
For the sake of further experimentation, an investigation would
be to study higher energy performance wall blocks with lower
conductivity values than the ones investigated in the current
study using the same computer software. This would be done
to show the efficiency of the blocks practically before they
could be applied.
Another experiment would be to use the computer software
to study the energy performance of any high performance new
window glazing introduced in the market so as to show its
energy efficiency practically before it could being applied.
Finally the computer software design builder gives its users the
opportunity to investigate the energy efficiency performance
for different construction materials, and glazing types not only
for the different climates of Turkey but also for any different
climate around the world.
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