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ABSTRACT 

 

 

AN ENERGY AND ECONOMIC EFFICIENCY COMPARISON OF THE 

BUILDING ENVELOPE OF AN APARTMENT BUILDING IN ANKARA, 

TURKEY  
 

 

 

Ahmed Shorbagi, Mustafa Ibrahim Saeed  

M.S., in Building Science, Department of Architecture 

Supervisor: Dr. Ayĸem Berrin Zeytun ¢akmaklē  

June 2014, 321 pages 

 

 

 

The main aim of this thesis is to study the energy and the economic performance of 

the building envelope of an apartment floor consisting of three flats in Etlik, Ankara. 

Three flats namely flat-1 facing South-West, flat-2 facing South-East and flat-3 

facing North are considered. Three different glazing window types namely ISICAM 

KLASIK, ISICAM SINERJI and ISICAM SINERJI 3+ with different thermal 

transmittance values are investigated as well as the Base Case wall section, four wall 

sections involving Aerated Autoclaved Concrete Blocks, four wall sections involving 

Heavyweight Concrete Blocks and four wall sections involving Lightweight 

Concrete Blocks. The wall sections applied are of different configurations one 

without insulation and the remaining three are having insulation on the exterior, 

sandwiched and in the interior. Both the initial investment and operation costs of all 

these alternatives are found and a performance sequence is obtained to find out the 

most efficient alternative. In terms of the glazing window units, the most efficient 

alternative both energy wise and economy wise is ISICAM SINERJI 3+ for flat-1 

and flat-2. The result for flat-3 is an exception because it received the least solar 

energy making the ISICAM KLASIK glazing unit the most efficient. When 

considering both the energy and economy performance of the wall sections, the most 

efficient are those with insulation in the exterior and interior for both the AAC 
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Blocks and Lightweight Concrete Blocks. This is mainly due to the low conductivity 

values of AAC blocks followed by the Lightweight Concrete Blocks. 

 

Keywords: Building Envelope, Design Builder, Energy and Economic Performance   
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¥Z 

 

 

ANKARA, ETLĶKô TEKĶ BĶR BĶNANIN DIķ YAPI KAPUĴU 

MALZEMELERININ ENERJĶ VE EKONOMĶK VERĶMLĶLĶKLERĶNĶN 

KARķILAķTIRILMASI 

 

 

 

Ahmed Shorbagi, Mustafa Ibrahim Saeed  

Y¿ksek Lisans,Yapē Bilimleri, Mimarlēk Bºl¿m¿ 

Tez Yºneticisi: Dr. Ayĸem Berrin Zeytun ¢akmaklē  

Haziran 2014, 321 sayfa 

 

 

 

Bu tezin ana hedefi Ankara, Etlikôteki ¿­ daireli bir binanin diĸ yapē kapuĵu 

malzemelerēnēn enerji ve ekonomik performansēnēn deĵerlendirilmesidir. ¦­ dairenin 

konumlarē belirtildiĵi gibidir: Daire 1 G¿neybatē cepheli; Daire 2 G¿neydoĵu cepheli 

ve Daire 3 kuzey cepheli. Yapēlan ilk deĵerlindermelerde ¿­ farklē tip doĵrama tespit 

edilmiĸtir: ISICAM KLASĶK, ISICAM SĶNERJĶ ve ISICAM SĶNERJĶ 3+. Her ¿­ 

doĵrama ­eĸidinin farklē ēsē iletkenlik deĵerleri bulunmaktadēr. Bunun yanēsēra, 

cephe duvarlarē da farklēlēk gºstermektedir. Dºrt duvarda gazbeton blok, dºrt 

duvarda aĵēr beton blok ve diĵer dºrt duvarda da hafif beton blokla imalat yapēldēĵē 

gºzlenmiĸtir. Duvar kesitlerinde farklē yalētēm uygulamalarē da tespit edilmiĸtir. 

Hi­bir yalētēm uygulanmayan duvarēn yanēsēra, diĵer ¿­ duvar tipinde dēĸtan yalētēm 

ve sandvi­ duvar tespit edilmiĸtir. Duvarlarēn i­ y¿zleriyle ilgili araĸtērma devam 

etmektedir. Bu alternatiflerin yēllēk enerji performansē, ilk yatērēm maliyeti ve hem de 

iĸletme maliyetleri tespit edilmiĸ ve performans etkisi elde edilerek en verimli 

alternatif bulunmuĸtur. Dēĸ cephe doĵramalarē arasēnda 1 ve 2 numaralē dairelerde 

bulunan ISICAM SĶNERJĶ 3+ôēn enerji ve ekonomi a­ēsēndan en verimli olduĵu 

tespit edilmiĸtir. 3 numaralē dairede bulunan ISICAM KLASĶK doĵramalar en az 

g¿neĸ ēĸēĵēna maruz kaldēĵē i­in istisnai olarak tespit edilmiĸtir. Aksi takdirde sºz 

konusu doĵramalar en verimli olarak belirlenebilecekti. Duvar kesitleri enerji ve 

ekonomik performanslarē a­ēsēndan ele alēndēĵēnda, gazbeton ve hafif beton blok 
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duvarlarēn en vermli olduklarē belirlenmiĸtir. Bu tespitin temel sebebi, gazbetonun ve 

takip eden hafif beton bloklarēn d¿ĸ¿k iletkenlik. 

Anahtar kelimeler: Dēĸ yapē kapuĵu, Design Builder, Enerji ve Ekonomik 

Performans 
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CHAPTER 1 

 

 

INTRODUCTION  

 

 

 

The introduction part of this thesis puts forward the main arguments that are to be 

investigated, followed by the aims and objectives set out in the thesis. In addition to 

these, the procedure and methodology that is implemented is mentioned and finally 

the disposition which describes the different chapters within the thesis is added. 

 

1.1 Argument 

 

In the past, much of the worldly energy was wasted especially in different buildings. 

Thus, the introduction of new regulations by different countries regarding the energy 

potential of construction systems became common in an attempt to control wasted 

energy and conserving it as well as reducing the burning of energy resources that 

may release pollutants in the form of CO2 that may harm the environment and 

increase global warming. 

 

Turkey is a developing country which has been influenced by little consideration to 

energy conservation. Since Turkey imports a lot of the energy it consumes, the need 

to save it has become an important issue. Therefore, importance was given to the 

construction systems in terms of energy conservation by the release of new energy 

related regulations that would help much in the reduction of the increasingly needed 

energy usage throughout Turkey. Thus, both interior thermally suitable environment 

and interior occupant thermal comfort could be achieved. 

 

From all of Turkey, the City of Ankara has been selected for this thesis study 

because it is the capital of Turkey and many improvements in construction had to be 

done to modernize it and avoid the old habit of constructing inefficiently. At the 

same time since dwellings of all types ranging from villas, dormitories and 
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apartments etc. are the most buildings in demand due to the rising population of 

Ankara, dwellings have to be constructed in modern energy efficient ways.  

 

In this thesis, the case study building is a typically newly constructed apartment 

residential building, designed and built after energy efficiency regulations have been 

issued. This apartment could be considered as a base case for all newly constructed 

building. 

 

By the study of the above mentioned apartment in the temperate cold dominated 

climate of Ankara and the application of some proposed opaque and transparent 

building envelope options, the most energy efficient alternatives would be 

recommended.  

 

1.2 Aim and Objective 

 

The main aim of this thesis is to test several building 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 will  be tested. 

 

Another aim is 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. 
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Included in this investigation are 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 influences the heat transfer through the total wall system 

sections to be tested. The influence of this property on the interiors of the apartment 

will  be tested for all wall system sections under investigation with the results being 

obtained from the simulation program Design Builder. 

 

Another important aim is 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 thesis deals with the basic originally used wall system section and investigates 

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 is to be investigated is the 

distribution and location of the insulation layer. It is 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 is the most efficient location. This thesis also attempts to clarify this issue by 

means of understanding and comparing the simulation undertaken using the 

computer 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 is investigated. The influence of 

the solar energy caused by the prevailing sun from the morning to the evening 

passing from dawnôs eastern sun to the mid-days southern sun through to the western 

setting sun is analyzed from the results of the simulation.   
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According to these aims, the objectives are not only to reduce 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. 

 

1.3 Procedure 

 

Thanks to computer technology, energy performance of buildings could be simulated 

before construction. This advantageous capability is something which was not easily 

known in the past. By means of simulation of the location, climate and weather, 

orientation, shape of the building, building materials with their material 

specifications, windows with their different sizes and different specification, as well 

as different wall configurations, architects and builders are able to simulate the 

thermal performance of the building that is to be built.  The main approach of this 

thesis is to use a thermally oriented software named Design builder to study the 

opaque and transparent parts of the building envelope. The main source of data for 

this thesis is the digital ñEPW file for Ankara Cityò which is the digital climatic 

source typical to Ankara City.  

 

Moreover, the benefits of this computer program are made use of in this thesis to 

investigate different alternatives of the opaque and transparent components of the 

building envelope namely three different glazing window types and different wall 

system types. They are analyzed in terms of both energy and economy efficiency. As 

a result, the most energy and economic efficient alternatives are selected and the best 

alternatives are recommended for usage in the market. 

 

1.4 Disposition 

 

The thesis consists of five chapters whose contents are described as documented in 

the following paragraphs: 
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Chapter-1 includes the introduction of the thesis. It states the argument, the aim and 

objectives, the procedure of thesis as well as the disposition of the various chapters 

being consequently mentioned. 

 

Chapter 2 constitutes of a literature survey covering the thesisô main issues. Some 

information regarding both energy conservation and consumption are mentioned. 

Then information about global warming and the Kyoto protocol are mentioned 

followed by some statistics about Turkey. Then details about passive design 

principles, orientation and ventilation are noted followed by information regarding 

the building envelope and some of related characteristics that influence it are 

mentioned next including thermal comfort.  Important details about windows and 

related characteristics, followed by information regarding different glazing types and 

window frames are mentioned. Next, information regarding masonry concrete blocks 

and autoclaved aerated concrete blocks are considered followed by details about 

plasters and renders, as well as the important topic of insulation. Then details 

regarding glass wool insulation are given followed by information regarding building 

energy simulation. The final part related to the main topic of this thesis in chapter 2 

are details regarding the life cycle cost analysis, initial investment and operation cost. 

  

Chapter 3 discusses the material, Ankara climate and methodology followed in the 

thesis. First of all, a photograph of case study apartment is given. The typical first 

floor plan is documented together with a partial section indicating the important 

specifications of the building followed by the procedure. Here, the window and wall 

specifications under investigation are tabulated. The second part includes 

information of Ankara climate obtained from Climate Consultant program. And 

finally the methodology and method of simulation is mentioned and clarified.  

 

Chapter 4 deals with the results obtained after the computer simulations. The 

resulting data from the graphs and tables of the simulation are obtained first of all 

then they would be analyzed and discussed.  
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Chapter 5 compares and discusses the proposed energy and economic efficiency 

which was dealt in the investigation of the building envelope together with 

conclusions related to the results gathered. 
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CHAPTER 2 

 

 

LITERATURE SURVEY  

 

 

 

The literature survey of this thesis mentions the topics of energy conservation and 

consumption, with additional information regarding global warming and the Kyoto 

Protocol and its importance in reducing CO2 pollution in the world. Energy 

conservation important statistics from the other parts of the world and Turkey are 

also mentioned followed by information regarding passive design principles, 

orientation, ventilation and thermal comfort. Then, the building envelopeôs opaque 

and transparent components such as windows and wall components with their 

influential characteristics such the thermal transmittance are mentioned. Glazing 

types, window frames, masonry walls including AAC, heavyweight concrete blocks 

and lightweight concrete blocks details are given. Finally, information about 

insulation, thermal simulation, life cycle cost analysis and initial investment and 

operation costs are added. 

   

2.1 Energy Conservation and Consumption 

 

Those factors affecting the performance of buildings are shown in figure 1 below. 

The main necessary functions of buildings are to provide both shelter and safety. 

Moreover, a building should also provide electricity for lighting and electrical 

appliances, provide interior heating and cooling, provide fresh air by means of 

ventilation as well as fulfilling the occupantôs water requirements. Other functions 

such as design and exterior aesthetics are also important. Furthermore, the effect of 

surrounding trees and other buildings in the energy outcomes and shading the 

building are also significant. Besides all these factors, the climate plays a major role 

in influencing the total yearly energy calculations of buildings and in this thesis 

dwellings, are given the main importance (Persson, 2006). 
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There are many different types of residential buildings. The main types are listed 

namely as detached and semi-detached houses, terraced houses as well as apartment 

block houses. In temperate cold climates, such as in Ankara, heating requirements 

are more than cooling requirements in residential buildings and proper windows that 

allow solar gains but also prevent heat loss are recommended. Since people spend 

most of their time within these buildings, it is a necessity to make them comfortable 

and healthy. Here, the most important energy components are the occupants, the 

heating system, the ventilating system, the building envelopeôs thermal insulation, 

walls and windows (Persson, 2006). 

 

 

 

 

Figure 1 Different factors influencing buildings (Persson, 2006). 

   

In terms of energy, designing a building efficiently at the start could be beneficial 

along its life span. For example, the usage of suitable thermal insulation saves 

reasonable amounts of energy in addition to the avoidance of thermal bridges over 

the life span of the building. In addition, an efficient ventilation system with an 

exhaust heat recovery system as well as the application of energy efficient windows 

could replace the usage of a supporting separate heating system (Persson, 2006). 
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Applying proper window glazing systems to buildings, interior thermal comfort 

could be achieved by reducing energy consumption. Moreover, much energy is 

necessary to maintain comfortable indoor temperatures (Omer, 2008); (Jindal et al., 

2013).  

 

Energy conservation depends on several parameters namely location on earth, 

orientation of the building, building shape, thermo-physical and optical features of 

the building envelope, size of the building, accommodation type whether residential 

or commercial, the distance between buildings as well as the natural ventilation 

arrangement (Berkºz et al., 1995); (Bostancēoĵlu and Telatar, 2013). 

 

The facts that more people will live in smaller houses and the population number will 

rise, both will  lead to the construction of new power plants to satisfy their energy 

needs. A rising fact is the need of designing more sustainable and eco-friendly 

houses and buildings. Therefore, starting immediately from today the need to reduce 

energy consumption is important not only for future house designs but also for the 

retrofitting of existing ones (Atikol et al., 2008). 

 

2.1.1 Global Warming 

 

The major harm to the environment is the global warming or the greenhouse effect 

that releases CO2, C, CFCs, halons, N2O, ozone and peroxyacetylnitrate to the 

atmosphere, in an increasing manner. As a result, these gases, lead to the trapping of 

heat radiated from the earthôs surface, thus increasing the earthôs temperature. For 

example the earthôs surface temperature was raised by a value of 0.6ÁC within the 

period of the last hundred years with the result of an increase of 20 cm to the sea 

levels. These changes have negative influences such as the release of CO2 that result 

to 50% of the greenhouse effect (Dincer and Rosen, 1999); (Dincer, 1999); (¢omaklē 

and Y¿ksel, 2004). Figure 2 shows the increasing of CO2 concentration since 

industrial revolution (Saydam, 2000); (¢omaklē and Y¿ksel, 2004).  
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In addition to the above, the spreading of deserts, the land erosion, the sea pollution, 

the loss of animal and plant species as well as general destruction of soils are other 

harmful effects to the environment. 

 

 

 
 

 

Figure 2 Yearly CO2 quantities in the atmosphere (Saydam, 2000). 

 

2.1.2 Kyoto Protocol 

 

Due to fast depletion of fuel energy resources and the pollution they cause, the 

control and management of energy consumption should be given great importance. 

Some aims agreed upon at the Kyoto Protocol were to reduce energy consumption by 

20%, reduce carbon emissions by 20% as well as to make sure that 20% of the total 

energy production is consumed from renewable energy resources by the year 2020 as 

compared to the values agreed upon in 1990 (Calis, 2009); (Bostancēoĵlu and 

Telatar, 2013). 

 

In buildings, the conserving of energy is very important in improving their thermal 

performance. Based on the agreements decided after the Kyoto protocol, 

governments around the world acted consequently and tried to reduce greenhouse gas 
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emissions by applying energy saving policies to decrease energy usage in their 

countries. 

 

2.1.3 Statistics in Turkey 

 

With the increase of technology, industry, energy, construction and population 

numbers, consumption has increased significantly relative to production. For 

example, in the USA which amounts to 5% of the worldôs population, citizens spend 

approximately 80,000 kWh in energy per person per year, while in the UK citizens 

spend around 45,800 kWh in energy per person per year. When comparing these 

values to Europe, an amount of 36,400 kWh per person per year is registered 

(Wiggington and Harris, 2002); (Ma­ka and Yal­ēn, 2011). In Turkey, it was 

recorded that 66% of the total consumed energy was imported in 2000, with the 

expectations that this value would increase to 77% by 2020. This importation not 

only influences the economy but also affects significant phenomenon such as global 

warming, environmental pollutions as well as the ever increasing energy costs 

(Turkish Republic Ministry of Foreign-Trade Counselorship, 2009) (Ma­ka and 

Yal­ēn, 2011). 

 

The population of Turkey is estimated to surpass 100 million by 2020 (Bolatt¿rk, 

2006). In Turkey, resources such as hard coal, lignite, asphaltite, petroleum, natural 

gas, hydroelectric energy and geothermal energy are produced, however since little 

amounts of these native resources are utilized almost 52% of the energy required in 

Turkey to satisfy its needs is imported (Bolatt¿rk, 2006). 

 

Table 1 Distribution of the expected energy usage within the different fields against 

the years in % (WEC-TNC, 1995); (Bolatt¿rk, 2006). 

 

Year Industry Buildings Transportation Agriculture Other 

1995 35.80 34.41 21.32 5.49 2.98 

1999 38.96 33.75 19.82 5.11 2.36 

2003 42.24 31.44 19.22 5.08 2.02 

2007 45.47 29.25 18.55 4.99 1.74 
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Figure 3 Rates of energy use per sector in Turkey (2001) (Source: T¦BĶTAK, 2003); 

(Yēldēz, 2008); (MTOE = Ton of oil equivalent). 

 

Energy is consumed by four major fields namely agriculture, transportation, 

residential and industrial. Table 1 above, figure 3 above and figure 4 below shows 

the division of the energy usage within the different fields for the period from 1995 

to 2010 in percentages (WEC-TNC, 1995); (Bolatt¿rk, 2006). From table 1 above, it 

could be concluded that from all the sectors, the industrial field consumes the most 

energy followed by the residential sector. 

 

 

 
 

 

Figure 4 Estimated rates of energy use per sector in Turkey (2010) (Source: 

T¦BĶTAK, 2003); (Yēldēz, 2008); (MTOE = Ton of oil equivalent). 
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From all the sectors mentioned in table 1, figure 3 and figure 4, residential buildings 

consume a lot of energy in most countries. In Turkey, nearly 25-30% of the energy 

expenditure is consumed in the residential building sector (B¿y¿kalaca and Bulut, 

2004). Therefore, energy efficient building design should be considered. In Turkey, 

space heating accounts for approximately twice the energy used for water heating, 

freezing food refrigeration and cooking within residents. Within buildings in Turkey, 

almost 82% of the energy is used for heating. In a typical building the energy losses 

are divided as follows: 40% through external walls, 30% through windows, 17% 

through doors, 7% through the roof, and 6% through floors (Arēcē and Karabay, 

2010). Therefore, the usage of thermal insulation within built structures saves energy 

as well as reduces unwanted pollutants released by burning fossil fuels (Kaynaklē, 

2008).   

 

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 2 below (¢engel, 1998); (Bolatt¿rk, 

2006). 

 

Table 2 Energy usage division within buildings in percentage (%) (¢engel, 1998); 

(Bolatt¿rk, 2006). 

 

 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 

 

From table 2 above, it is concluded that the need for effective thermal protection is 

very important in decreasing energy consumption that is used to heat interiors in the 

residential sector. As mentioned earlier, the application of thermal insulation results 

in the reduction in fuel consumption, unwanted pollutants emitted by burning fossil 

fuels, as well as increasing thermal comfort obtained from the minimization of heat 

losses from buildings (Bolatt¿rk, 2006). 
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2.2 Passive Design Principles 

 

The fundamental objective of interior environmental comfort in both winter and 

summer as well as day and night is to know the energy efficient necessities of 

architectural concepts. First of all, the local climatic conditions should be understood 

whether temperate, hot or cold, dry or humid. Since in this study the concerned city 

is Ankara (Turkey) which displays a temperate climate, the architectural design 

should be compact so that as little heat energy as possible is lost to the exterior. 

Moreover, the south facing fa­ade should utilize maximum sun heat energy specially 

since Ankara has a cold dominated climate which means that winter is more 

dominant than summer. Mechanical heating is required during the winter while 

natural ventilation is required during the summer. If this ventilation is not enough in 

summer, then mechanical cooling could be a possible option.     

As mentioned earlier, in Turkey 80% of the energy is used to provide interior 

comfort (Kavak, 2005); (Bektaĸ et. al, 2008). This high percentage of energy usage is 

due mostly to the existence of so many old buildings and the negligence of passive 

design awareness that reduce energy consumption that otherwise cause the release of 

pollutants due to the usage of high amounts of fossil fuels (Bektaĸ and Aksoy, 2005); 

(Bektaĸ et. al, 2008). As a necessity, it is therefore required that energy consumption 

should be reduced for countries like Turkey which imports much of the energy it 

consumes. Even though Turkey possesses much solar energy, almost no buildings 

use this passive solar technique to its advantage (Dilma­ and Kesen, 2003); (Bektaĸ 

et. al, 2008). 

 

In order to achieve interior comfort and to conserve energy, proper design of the 

building envelope is a major factor. Passive heating conditions of the building 

envelope influenced by the opaque components, for example walls, and transparent 

components namely windows involves heat flow that changes indoor air and interior 

surface temperatures (Oral, 2000). 
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A passive design is one in which the thermal energy flow occurs by natural means. In 

other words, no external energy is needed for it to function. A part of passive design 

is to minimize heat loss by using multiple-glazed windows, and energy efficient 

insulation in the exterior and interior of walls, floors, roof and foundation. The 

advantage of passive design over fuel using conventional design is that it is 

nonpolluting, non-depleting of resources and even though costly in the beginning it 

has a low operating cost in the long run. Proper original construction of the design 

process together with its post occupancy operation are two important factors of 

passive design. In such a construction, it is important that the building envelope is air 

tight something which is achieved with sealed openings (Ogle and John, 1995). 

 

The main factors that determine heat flow towards the interior of buildings are 

external conditions namely temperature, wind speed and exposure to sun rays, the 

area of exposure namely the building envelope and the heat transmission namely 

through the building wall and window system (Ogle and John, 1995). 

 

In addition, when designing buildings, the most important factor to consider is its 

suitability to climate. An energy conscious designer must consider the local climate, 

outside temperature, wind, humidity and insolation. After proper consideration of 

climate analysis, the best choice of interior comfort conditions and the best strategies 

to be applied in achieving comfort should be selected. In different regions, buildings 

will have different shapes, materials, orientations and envelope characteristics (Hirst 

et al., 1986). 

 

Especially in cold climates, the design uses the sun energy to achieve thermal 

comfort in winter. Most people prefer an indoor air temperature of between 18ÁC and 

30ÁC and a range of relative humidity between 20% and 80%. Unwanted cold air 

movements, uncontrolled cold or hot interior surfaces and average radiant 

temperature conditions created by large glazing areas all affect comfort (ASHRAE 

Handbook, 1997). 
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Passive design strategies give the designer means to achieve comfort and reduce 

energy expenditure by the usage of natural methods. If not provided, mechanical 

means for heating and cooling in winter and summer should be implemented, that 

use fuel to achieve these comfort conditions (Krigger and Chris, 2009). 

 

A large window glazing in the southern fa­ade is beneficial for maximum 

interception of maximum solar radiation in winter while during summer this sun 

radiation may be reduced by means of curtains. Window location and size is the main 

factor that influences the energy consumption of the building. Windows located 

without consideration to sun light may be a source of heat loss or heat gain to the 

building. 

 

Heat loss through the window is usually the same whenever it is located. Therefore, 

it is advantageous to locate windows where heat gain from sun radiation is more than 

heat loss in winter, for example on the southern fa­ade, southern-eastern fa­ade and 

southern-western fa­ade (Mazria, 1979). 

 

Wind flow around any building depends on its orientation, its relation with the 

surrounding buildings, plan shape, its height when compared to surrounding 

buildings, roughness of the terrain that direct wind towards it as well as the 

architectural features that increase wind flow towards it such as cantilevers on the 

fa­ade. 

 

Thermal mass with its potential of avoiding or reducing interior overheating has 

received more attention lately. In the past, this potential of thermal mass was 

minimally considered when used in passive solar design which works with the 

buildingôs orientation, glazing type and size as well as the provision of shading. 

    

Thermal mass is an important factor in passive design. The characteristic of thermal 

mass allows dwellings constructed with concrete and masonry blocks to use their 

passive solar qualities year round. During summer thermal mass construction helps 
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in absorbing and storing heat existing during the day, thus lowering the interior 

temperatures and reducing interior overheating during the day. This stored heat may 

be removed by natural or mechanical ventilation during the night. On the other hand, 

during the winter the thermal mass absorbs the solar energy transmitted through the 

walls in the south fa­ade, and then slowly releasing the heat into the interior at night 

thus maintaining warm spaces. The process of heat absorption and release occurring 

during the winter is similar to that process in summer with the exception that during 

the winter nights heat does not escape because the windows are kept closed. 

 

2.2.1 Orientation 

 

The importance of energy saving has increased with the increase of heating in 

buildings, the cost spent in its production and the pollutants released by the fuels that 

burn to achieve it. As a result, it is recommended that the building design parameters 

used in saving energy should also reduce conventional energy usage. Both the 

interior and exterior environmental conditions are related and affect one another. In 

order to provide interiors which are climatically comfortable building parameters 

namely the orientation of the building envelope, the building shape, and the 

insulation together should be considered by the designer (Aksoy and Inalli, 2006).  

 

According to a study by Mingfang in 2002, the best orientation for both winter and 

summer is the southern one, since winter solar heat gain and summer solar heat 

control could be achieved. In his study, the solar control in summer for different 

geometrical shapes was investigated and the best shape that produces the optimum 

solar control was a rectangular shape (Mingfang, 2002); (Aksoy and Inalli, 2006).  

 

A study by Lin in 1981 indicated that the energy consumption within building is 

dependent on the building shape. He found that in cold climates the larger the area of 

the exterior facing surface of a building, the more energy is required for heating. As a 

result, he concluded that the minimum exterior facing surfaces provided the optimum 

energy expenditure in cold climates (Lin, 1981); (Aksoy and Inalli, 2006). 
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Since the sun rises in the east, the flat spaces under study benefit from the morning 

sun in winter as shown in figure 5 below. In this eastern side, the morning and 

afternoon sun heat passes through the envelope and windows, thus maintaining a 

comfortable interior temperature in winter. During summer though, natural 

ventilation removes this eastern heat by the allowance of air circulation by the 

opening of interior windows and doors (Waterfield, 2007). 

 

 

 
 

 

Figure 5 Orientation (http://www.ecowho.com, Last Accessed 04 / 01 / 2014). 

 

The western facing architectural spaces only benefit when the evening sunôs heat 

penetrates the western windows, doors and envelope. Thus, suitable comfort 

temperatures in the air tight flat is maintained during the winter month and if this 

comfort is not achieved, interiors could be heated by mechanical means 

(Kachadorian, 1997). 

 

In the northern side, where the least sun penetrates, a mechanical heating system 

should be turned on during the winter and the windows should be used for light 

allowance. During the summer, the windows of the northern facing flat and interior 

doors are opened for the sake of natural ventilation and cooling to achieve interior 

spaces comfort (Kachadorian, 1997). 

http://www.ecowho.com/articles/6/The_importance_of_building_orientation.html
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2.2.2 Ventilation  

 

Within buildings, ventilation occurs through openings such as windows or ventilators 

by means of natural driving forces. By the effect of pressure distribution on the 

building envelope as well as the location of the different windows in the interior, the 

air flows. As the pressure distribution acts as the ventilation driving force, the 

characteristics of the window openings account for the air flow resistance not 

forgetting other factors (Rousseau and Mathews, 1996). 

 

The factors that cause air flow within the interiors are the wind induced pressures on 

the building envelope and also the pressures caused by differences in interior and 

exterior air temperatures. Wind induced pressures are caused by the geometry of the 

building, the wind speed, the orientation of the building with regard to the wind 

direction as well as the surrounding environment (Rousseau and Mathews, 1996). 

 

2.2.3 Thermal Comfort  

 

Interior environment thermal comfort is the most important factor for occupants. To 

achieve this much artificial energy for heating the interiors is necessary especially in 

cold climates. Furthermore, to achieve interior thermal comfort and decrease heating 

energy consumption parameters such as building form and building envelope should 

be considered mutually at early design stages (Oral and Yēlmaz, 2003). 

 

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 (Oral and Yēlmaz, 

2002).  

 

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 (ASHRAE, 1981); (Oral and Yēlmaz, 
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2002). In cold climates, if 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. 

 

Energy consumption of buildings in the form of heating is a major issue in Turkey. 

To decrease this form of energy consumption, a regulation was released, as shall be 

discussed later, in April 1998 (TS 825, 1998); (Oral and Yēlmaz, 2002). This 

regulation recommended that architects construct buildings that maintain an upper 

limit of yearly heat loss. Even though this new regulation was a significant step to 

conserve energy, it is still insufficient in affecting design parameters to achieve 

thermal comfort and total heating energy conservation (Oral and Yēlmaz, 2002). 

 

Climate comfort in interiors is the most important biological requirement for its 

occupants and must be maintained in order for the users to be healthy and productive 

(Manioĵlu and Yēlmaz, 2006). 

 

An interior could be described as a passive system if comfort could be achieved 

without the usage of mechanical means. However, for climates where there is 

changeable diurnal climate, additional mechanical heating would be necessary for the 

winter months of the year since designed passive systems would not be enough to 

heat the interiors (Yēlmaz, 1990); (Energy in architecture, 1994); (Manioĵlu and 

Yēlmaz, 2006). In such a case where a mechanical heating system becomes 

necessary, the energy load consumed would be related to the thermal behavior of 

non-mechanical passive heating system represented by the building envelope. The 

building envelope, which is the major parameter of this passive heating system, is 

also the barrier between both the interior and exterior environments and is thus the 

means through which heat flows into and out of interior. Therefore, the building 

envelope not only determines the interior climatic environment but also the extra 

energy released by additional mechanical system (Selamet, 1995); (ASHRAE, 1981); 

(Manioĵlu and Yēlmaz, 2006). 
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Changeable diurnal climates cause intermittent heating system operation, leading to 

different amounts of interior energy stored and released by the building envelope and 

the different thermal behavior within the building (Lechner, 1991); (Manioĵlu and 

Yēlmaz, 2006). 

 

Thus, the quantity of additional energy is dependent on the thermo-physical 

characteristics of the building envelope as well as the operation period of the heating 

system. The builder who designs the dwelling should investigate and select the most 

economical building envelope and operation period options according to the required 

heating demand daily period. To achieve a minimum cost value from among the 

different options, an economic analysis should be done and the most energy efficient 

and economical alternative should be selected (Manioĵlu and Yēlmaz, 2006). 

 

It is an important function for buildings to provide thermal and visual comfort 

(Hunn, 1996); (Jaber and Ajib, 2011). The main aim of the designer is to design 

buildings that would achieve interior thermal comfort throughout the entire period of 

the year (Goulding et.al., 1992); (Jaber and Ajib, 2011). Moreover, windows play a 

major role in achieving both psychological and environmental needs. Suitable 

window glazing could produce low heating and cooling energy outputs, thus being an 

important source that cause psychological benefits (Menzies and Wherrett, 2005); 

(Jaber and Ajib, 2011). 

 

Internationally, the aspect of interior thermal comfort is standardized according to 

energy balance (static models), for example the ASHRAE standard. According to 

this standard the temperature range within which comfort is achieved was between 

20 and 27ÁC. Figure 6 below shows the winter and summer limits that must be 

maintained in order to achieve thermally comfortable interior for the occupants. 

 

The international ASHRAE standard is acceptable as a defining reference of the 

thermal comfort zone worldwide (Hays et.al, 1995); (ASHRAE Handbook, 1997). 
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Figure 6 ASHRAE comfort zone (ASHRAE Handbook, 1997). 

 

2.2.4 The Building Envelope 

 

As mentioned earlier, there are several environmental factors within interiors that 

determine thermal comfort namely temperature, air flow, lighting, noise and 

humidity. In addition, the presence of the building envelope is to keep the interior 

environment within acceptable limits (Hutcheon and Handegord, 1989); (Rivard 

et.al., 1995). As a protective barrier, the building envelope may achieve thermal 

comfort by means of energy efficiency, cost, durability, and other performance 

criteria (Gowri, 1990). According to Hutcheon, 1963 a number of necessities 

required to be fulfilled by the building envelope are proper heat flow, proper air flow 

and proper sunlight and radiation as well as being economical. 

 

These factors not only apply for walls but also for other parts of the building 

envelope elements such as roofs and window openings. To obtain energy efficient 
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performance and quality, the above mentioned necessities have to be treated and 

designed holistically during the early stages. Since they are all inter related such 

efficient design is a complex task (Gowri, 1990). 

 

The building envelope includes four subsystems namely; the roof, the windows, the 

walls, floors and contact to ground. These subsystems are made of many components 

and different materials with different characteristics (Krigger and Chris, 2009) 

 

Buildings that control energy loss during winter as well as reduce energy gain during 

summer are the most ideal in reducing heating and cooling needs. To achieve energy 

efficiency in a new building the plan, design and construction should be energy 

efficient. For residential buildings, energy loss and gain through the exterior 

envelope are the most important energy occurrences (Krigger and Chris, 2009). 

 

The more the temperature differences between the interiors and exteriors, the more is 

the expectancy from the building envelope in achieving the necessary degree of 

comfort. Thus the need to select the proper building envelope components is 

required. To achieve this, the following should be included: 

 

1) Insulation to controls heat flow, 

 

2) Glazings that permit light and view but at the same time also control heat 

flow between the exterior and the interior, 

 

According to a study by Balcomb in 1978, the suitable glazing area used in south 

facing walls as well as proper thermal insulation applied to the wall and roof 

components were used to maintain a building thermally comfortable by comparing 

the direct solar gain concept through the south facing windows. He combined 

thermal insulation and thermal mass in the south wall and evaluated solar energy 

gain during the day time as well as the night time (Balcomb, 1978); (Jindal et al., 

2013). 
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A number of studies by several authors Persson et. al. in 2006, Nielsen et. al. in 

2000, and Sujoy et. al., in 2009 have investigated extensively the energy 

performance of glazings and windows while considering various parameters like 

window size, the thermal transmittance (U-value) and total solar energy 

transmittance (g-value) etc. of the building envelope (Persson et al. 2006); (Nielsen 

et. al., 2000); (Sujoy et al., 2009); (Jindal et al., 2013) 

 

Several studies by ¢omaklē and Y¿ksel in 2003, ķiĸman et al. in 2007 and Mahlia et 

al. in 2007 investigated the effect of the thickness of insulation on the external 

surface of walls and roof for energy saving (¢omaklē and Y¿ksel, 2003); (ķiĸman et 

al., 2007); (Mahlia et al., 2007); (Jindal et al., 2013).  

 

Since much of the worldôs energy is used in the building sector resulting in 

greenhouse gas emissions, an increase in the demand to achieve energy efficiency of 

buildings is also necessary. Thus concepts such as passive houses and zero emission 

buildings were introduced. As mentioned earlier, an important part of the 

achievement of building energy efficiency is thermal insulation. In addition to old 

insulation materials, new thermal insulation materials with lower thermal 

conductivities and increasing thicknesses that could be installed within the building 

envelope are increasingly being created. On the other hand, thicker walls are not 

recommended since they are economically costly, wasting useful interior area, 

increasing transport quantities, requiring architectural regulations and other 

disadvantageous architectural limitations, causing unnecessary waste of materials as 

well as causing change in already followed construction techniques (Jelle, 2011).  

 

The economy of the building envelope in term of cost may be divided into three 

ways during the different periods of the design and construction. They include: 

 

1) The initial capital investment construction costs for the design, manufacturing 

and construction stage, 
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2) The usage costs including the annual energy expenditure costs, 

 

3) The maintenance costs which include cleaning, repairing of the window 

glazing and the other envelope parts during their usage life. This also includes 

their replacement costs after the usage life have expired. 

 

Air temperature is usually the most important factor determining comfort. Outdoor 

temperature changes depending on the season, the climate and the time of day. If the 

building envelope is not air tight, heat is lost in winter and gained in summer. 

Heating and cooling systems create comfort by adding or subtracting heat (Hirst et 

al., 1986). 

 

The building envelope leaks at edges, corners, openings and joints between the 

building materials. In addition, thermal energy leaks also occur through insulation, 

mechanical and electrical components which form the main defects of the building 

envelope. Heat flows through the building envelope by two means namely 

transmission and air leakage. Both occur through floors, exterior walls, windows and 

exterior doors (Hirst et al., 1986). 

 

When compared to other building envelope components, windows have a major 

impact on comfort due to their low resistance and high solar transmittance compared 

to other building envelope components. By means of radiation windows cause 

sensitive human bodies and interiors to heat during the winter in cold climates. 

 

On the other hand, during winter cold air is collected in the interior of the cold 

window glazing leading this air to move downwards resulting to cool convective 

currents. Further, air leakage adds to the energy problem losses or gains of the 

windows. In summer heat through windows heats the interiors leading to increase of 

interior temperatures and thus causing discomfort (Hirst et al., 1986). 
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The rate of heat flow or thermal conductivity of a material depends on the materials 

molecules to send and receive heat. Glass is a good conductor of heat. Insulation 

materials such as air or gases (argon), with tiny air gaps, are poor heat conductors. 

 

Not all materials absorb thermal radiation. They may reflect or transmit it. This 

ability of reflectance and transmittance depend on the composition of the surface. 

Glass allows visible solar radiation while absorbing thermal (infrared long 

wavelength radiation) that it intercepts when special provisions such as low-e 

coatings are applied (Mazria, 1979). 

 

The building envelope should be designed to provide for several characteristics 

namely environmental, technological, socio-cultural, functional and aesthetical as 

shown in the figure 7 below. When considering the environmental factors namely 

heat, light, and sound the thermal, visual and acoustical parameters are accounted 

for. The thermal parameter is concerned with the control of the interior and exterior 

climatic conditions, while the visual parameter is concerned with ability to see the 

exterior and allow light. As for the acoustical parameter the concern is to maintain a 

quieter interior (Oral et. al., 2004). 

 

 

 

 
 

 

Figure 7 Factors that influence the building envelope design (Oral et. al., 2004). 
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Part of the physical environmental characteristic is thermal transmittance which may 

be defined as the heat flow over a period of time through a unit surface area once the 

difference in temperature between the two concerned surfaces is one degrees Kelvin. 

It is the reciprocal of the total resistances of all the components of the material 

concerned as well as the interior and exterior air film resistances. Thermal 

transmittance is also known as the overall Heat Transfer Coefficient, U-value with 

the units W/m2-K (Btu/h-ft2-F) (Al-Homoud, 2005). 

 

Specific heat is the quantity stating the amount of heating energy needed to add to 

the temperature of a certain mass of any substance by a known amount. The lower 

the specific heat of a material, the faster it heats up and the faster it cools down. On 

the other hand, the higher the specific heat of a material, the slower it heats up and 

the slower it cools down. In cold climates, materials with high specific heat values 

are better because during the day heat is absorbed slowly thus maintaining a warmer 

interior until late hours of the day when the material cools slowly. Insulation 

materials have high specific heat values (Hirst et al, 1986). 

 

The true density may be defined as the ratio of a mass of a material to the volume 

occupied by this same mass. Moreover, the factors that density depends on are 

temperature and pressure. An increase in pressure of a substance decreases its 

volume and thus increases its density. An increase in temperature of a substance 

(with a few exceptions) decreases its density by increasing its volume. The lower the 

density of a construction material, the lower is its thermal conductivity because of 

higher distance between molecules that transfer the energy, thus the material is 

characterized as an insulation material. Thus, the good insulation material namely 

Expanded polystyrene (EPS) has a low density (Lowell, 1991). 

 

Thermal mass is used because of its importance in both winter and summer. In 

winter, when the thermal energy stored by a wall system during the sunny daylight 

hours is released towards the interior during the late hours of the day or night, energy 

for heating is reduced. During the sunny daylight hours of the summer, heat is stored 

by the wall system with thermal mass characteristic leading to a time lag or heat 
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transfer delay until late hours of the day or night as shown in figure 8 below (Hall, 

2010). 

 

For example, heavyweight concrete masonry block, with its higher density and 

higher heat capacity, have a higher thermal mass when compared to lightweight 

concrete masonry blocks. This influences their behavior in summer and winter. In 

summer the choice of heavyweight concrete masonry results in cooler interiors 

during the day when compared to light weight concrete. Excess heat may be removed 

by means of either natural or mechanical ventilation (ASHRAE 90.1.American 

Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc., 2004 & 

2007).  

 

 

 
 

 

Figure 8 Thermal Mass (http://www.britishprecast.org,Last Accessed 26 / 04 / 2014). 

 

The denser the material, the less air is trapped and thus the higher is its thermal mass. 

As such concrete has a high thermal mass when compared to Autoclaved Aerated 

Concrete (AAC) which has moderate to low thermal mass and a low insulation value 

as shown in table 3 below (Baggs and Mortensen, 2006). 

http://www.britishprecast.org/publications/documents/06Energy_efficiency_brochure-3004071.pdf
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Table 3 Thermal mass for various materials (Baggs and Mortensen, 2006). 

 

Material  Thermal Mass 

Concrete 2060 

Autoclaved aerated concrete 550 

 

Thermal mass also has a significant influence during the night when the outdoor 

temperatures are lower than the interior temperatures especially in summer. Here the 

interiors may be cooled by means of natural night ventilation. Moreover, this 

ventilation helps in removing the convective heat from the mass elements. 

 

Another means of removing convective heat during the night may be the usage of 

ceiling fans. The implementation of ceiling fans is useful in adding to the interior air 

circulation and also increasing the convective heat transfer coefficient which helps in 

the reduction of the heat collected by massive walls at night (Baer, 1983); (Balaras, 

1996). Another function of the building envelope in cold climates is to maintain high 

thermal transmittance at night and low thermal transmittance during the day.  

 

Together both ventilation and thermal mass act as a passive cooling system that may 

be utilized to preserve the interior environment thus maintaining interior thermal 

comfort as well as providing acceptable indoor air quality (IAQ). Ventilation has 

three functions namely to improve indoor air quality, to provide interior occupant 

cooling and finally to cool the thermal mass of the building (La Roche and Milne, 

2004) (Zhou et al., 2008). The last function of ventilation works by the heat storage 

of interior and exterior mass during the dayôs hot duration and itôs release later in the 

day (Yam and Zheng, 2003); (Zhou et al., 2008). Moreover, natural ventilation is a 

good method to remove interior air pollutants and provide an acceptable indoor air 

quality. As a result, collectively ventilation and thermal mass could lower capital, 

operational, and maintenance costs, obtain a sustainable building and improve the 

indoor air quality (Zhou et al., 2008). 
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The optical and thermo-physical characteristics of the building envelope also affect 

the passive heating function of its elements namely the opaque (walls) and 

transparent (windows) components. Optical properties are: 

 

1) Absorptivity which is the ability of the building envelope to absorb 

heat, 

2) Transmissivity which is the ability of the window to transmit heat. It 

is not valid for opaque components, and 

3) Reflectivity which is the ability of the building envelope to reflect 

heat. 

 

The thermo-physical properties are: 

 

1) Overall heat transfer coefficient or thermal transmittance (U value),  

2) Transparency ratio (TR), (TR = window area / facade area). 

 

To achieve thermal comfort by using minimum additional mechanical heating 

energy, architects should design the building envelope in such a way so as to have 

the suitable thermo-physical properties (Overall heat transfer coefficient or thermal 

transmittance) for the local climate. Under these passive heating design conditions of 

the opaque and transparent components of the building envelope, interior air and 

surface temperatures change with the change of heat flow. The change of heat flow is 

therefore the function of the thermo-physical characteristics of the opaque and 

transparent components of the building envelope, and thus these characteristics 

determine the interior climate as well as additional mechanical heating energy. Put in 

another way these thermo-physical characteristics affect the heating load within the 

immediate space. Moreover, when the mechanical heating or cooling remains 

switched off, hourly change in interior air temperature becomes relative to the solar 

energy gain through the window. In addition, the surface temperature of the glazing 

which has different qualities when compared to the other building envelope surfaces 

has a major influence on the interior thermal comfort. Therefore, the optical and the 
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thermo-physical characteristics of different windows have a major influence on the 

interior thermal comfort as well as the supplementary mechanical heating or cooling 

(Yēlmaz, 1987); (Oral, 2000). 

 

At the section of the exterior wall of the building envelope different temperature 

profiles occur during any instant of a 1-day period. These temperature profiles 

depend on the interior temperature, the exterior temperature and the thermo-physical 

properties of the wall. During the 1-day period the outside temperature changes 

periodically causing new different temperature profiles at any moment of time during 

the day. During this transient procedure, a heat wave flows through the wall from the 

exterior to the interior. Here the amplitude of the heat wave indicates the temperature 

values, while the wavelength of the heat wave indicates the time that these 

temperatures occur. The amplitude of the heat wave at the exterior surface of the wall 

has a value of solar radiation and convection occurring in between the exterior wall 

surface and the exterior air. During the transmission of the heat wave through the 

wall, its amplitude decreases according to the thermo-physical characteristics of the 

wall materials. This amplitude continues to have a lower value as it passes through 

the wall when compared to its value in the exterior surface. The time the heat wave 

takes to cross through from the exterior surface to the interior surface is called the 

ñtime lagò while the decreasing ratio in the value of the amplitude during this process 

is called the ñdecrement factorò (Duffin, 1984). Time lag and decrement factors are 

significant properties in the determination of the heat storage capabilities of any 

material. Different time lag and decrement values could be obtained with different 

thicknesses of wall materials and their thermo-physical properties (Asan, 2000). The 

heat storage in wall structures may be explained by two characteristics namely time 

lag and decrement factor.  

 

       ñTemperature profiles on the wall exposed to periodic solar radiation and 

         varying outdoor air temperature are assumed to be propagated as  

         sinusoidal waves.  When a sinusoidal temperature is propagated through 

         the wall from outdoor surface to indoor surface, its amplitude 

         gradually decreases in a manner that depends on the thermo-physical 

         properties of the wall materials.ò (¥zel and Pēhtēlē, 2007). 
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In buildings, the effect of thermal mass must be considered when located in the four 

different fa­ades to achieve the desirable time lag (Lechner, 1991); (Balaras, 1996). 

For example, in cold climates it is important to mention that both the North and East 

orientations could perform without the need for time lag since immediate heat energy 

is required to be transmitted to the interior. However, for both the South and West 

fa­ades a time lag of eight hours is enough for the heat energy to delay its 

transmission from midday until the late evening hours something which is beneficial 

in summer.   

 

In recently conducted studies by the author Asan in 2000, the effects of the wallôs 

thermo-physical properties, insulation position and thickness on time lag and 

decrement factor were investigated (Asan, 2000).  

 

It was shown that thermo-physical properties, thickness and position of wall 

materials have a very profound effect on the time lag and decrement factor. These 

studies were parametric in nature and most of the results came out from these work 

were practical. (Asan and Sancaktar, 1998); (Asan, 1998); (Asan, 2000). 

 

On the other hand, thermal mass and thermal insulation, together, are significant 

because they influence the total thermal performance of a building (Hopkins et.al., 

1979); (Balaras, 1996). 

 

2.2.4.1 Windows (Openings) 

 

Since windows are important parts of the building envelope which have significant 

effect on the energy performance, they have to be chosen with care (Urbikain and 

Sala, 2009). 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 

transmitted through windows to the exterior (Ismail, 2003). 
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Windows being an important component of the buildingôs energy system transmit 

solar radiation and thus cause thermal losses. The improvement in window 

technology has helped in reducing heat losses from interiors in cold climates. 

(Persson, 2006).   

 

Windows are available with great variety. To choose a specific window for an 

application many factors have to be considered. These factors may be seen in the 

figure 9 below. Windows allow light and exterior views, block heat radiation, resist 

fire and could affect the aesthetics of the exteriors. However, the windowsô behavior 

on energy efficiency as part of the building envelope is considered in this thesis. This 

does not mean that the other factors are not important (Persson, 2006). 

 

 

 
 

 

Figure 9 Different factors related windows (Persson, 2006). 

   

In cold climates, window technology may cause them to function in two main ways 

namely by the application of low emissivity (low-e) coated glazing that save energy 

by reducing thermal losses and the application of solar control glazing that prevents 

solar heat gain into the building. Totally, windows should provide for high 

transmittance of visual light without reducing the effect of the above two mentioned 

capabilities. This is possible by constructing optically selective window glazings that 

allow some of the radiation and reflect another part. This gives window glazings an 
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important property since solar radiation consist of not only visual light but also heat 

radiation in the form of long-wave infrared radiation (Persson, 2006). 

 

The application of different types of glazing tints can block the sun rays. They 

decrease the visible light transmittance as well as some of the heat radiation, 

however these tinted glazings have no low emissivity characteristics (Persson, 2006). 

In efficient design, the selection of a window glazing not only depends on the 

application of a suitable coating combined with low thermal transmittance, but also 

on the window size, orientation and the proper usage of shading devices. The 

selection of large windows not only cause heat losses in cold climates during the 

winter and nights, but also cause more solar heat energy gain during sunny periods 

when compared to gains of a well-insulated wall (Persson, 2006). 

 

In Turkey, the usage of large window glazing areas increased leading to the need to 

the usage of more double pane window glazings. An important factor that affects the 

energy efficiency of the double pane window glazing is the thickness of the air or 

inert gas cavity which has a considerable effect on the energy losses through the 

window. Therefore, the optimum thickness should be used within the double pane 

window (Aydēn, 2000).    

 

According to TS 825 which is the Turkish standard for the minimum U-Value 

(thermal transmittance) the transparent part of the building envelope, the window, 

remains much higher than the remaining opaque part. The TS 825 regulation 

attempts to solve the long prevailing problem of energy conservation within 

residential buildings.   

 

In addition to being an important parameter where heat is lost in winter, glazing is 

also concerned with significant solar energy gains in summer (Manz, 2003). 

 

Much research has been studied regarding glazing technology. The researches 

focused on reducing the heat transmission through glazings to decrease the need for 
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heat and to achieve thermal comfort within interiors in cold climates. Topics such as 

low emissivity coatings, gas fillings, spacers, evacuated cavities were considered in 

the following investigations by (Manz, 2008); (Braeuer, 1999); (Collins and Simko, 

1998); (Weinlaeder et al., 2005); (Ng and Collins, 2005); (Eames, 2008); (Manz, 

2003);  

 

Nielson et al. in 2000 showed an easy way to find the total energy gains of glazing 

and compare the energy performances of different types of glazing and windows. 

Khaled in 1998 investigated the ways of controlling the sizes of windows to achieve 

passive heating, cooling, and illumination in hot arid regions. Oral and Yēlmaz 

presented a methodology for building form factor that provides minimum loss of heat 

that is transmitted through the building exterior (Oral and Yēlmaz, 2003). 

 

A number of investigations have been undertaken that helped builders in choosing 

the best window options in buildings. An investigation by Apte et al. in 2003 found 

that when windows with low-e were applied in many US climates around forty 

percentage of energy could be used (Apte et al., 2003) 

 

Pyeongchan et.al. in their investigation in 2012 simulated several window options 

within residential buildings in two cities namely Inchon and Ulsan is South Korea. 

They investigated the window-to-wall ratios, U-value and SHGC values of several 

window options and compared their impact on heating, cooling and total energy 

usage in the two cities that represented two different climates in South Korea. The 

results showed that with the addition of characteristics to the windows neutral and 

positive energy influences could be obtained to the interiors specifically for the 

temperate weather of Inchon. It was also found that high levels of SHGC are 

preferable for windows designed in residential buildings of large windows in mild 

climates. In Korean window standards, there is provision for U-value but non for 

SGHC. Moreover, it was obvious that a better energy performance was obtained 

when double glazing with low-e coating was used in residential buildings when 

contrasted to plain double glazing. A life-cycle cost analysis of a number of windows 
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concluded that double clear glazed windows with low-e and a cavity filled with 

argon gas were economical for dwellings in South Korea and were therefore 

recommended to be used for the standard code. In the other triple, glazing windows 

with low-e that produced higher energy savings and carbon reductions however were 

not economical for usage in dwellings in South Korea. 

 

According to Arasteh et al. in 2006 and Freire et al. in 2011, the window percentage 

for suitable energy composition for heating and cooling according to HVAC 

standards in the US were twenty four percent for dwellings and thirty two percent for 

commercial buildings (Arasteh et al., 2006); (Freire et al., 2011). 

 

Moreover, according to Florides et al. in 2002 and Freire et al. in 2011, yearly 

cooling energy savings of about twenty four percentage of a properly insulated 

residence could be obtained once a double-glazed window with low-e when 

contrasted to a clear-glazed window (Florides et al., 2002); (Freire et al., 2011). 

 

Works in the last few years by, e.g. Askar et al. in 2001, Omar and Al-Ragom in 

2002, Bahaj et al. in 2008, Loutzenhiser et al. in 2008, Poirazis and Blomsterberg in 

2008, Perez and Capeluto in 2009, Papaefthimiou et al. in 2009, Tanaka et al. in 

2009, Urbikain and Sala in 2009 and Freire et al. in 2011, increase the knowledge 

and choice of high performance window glazings that could be used in buildings. 

 

There have been several other studies on the energy efficiency and cost analysis of 

different windows units. Karlsson et al. in their paper in 2001 further improved a 

simple model for yearly energy balance of windows by considering their solar 

radiation and heat losses. They used hourly meteorological data to find out the total 

energy heat flow through the windows by means of knowing the solar radiation, 

outside dry bulb temperature, and the windowsô optical and thermal performance. By 

using only the balance temperature as an initial input, the model implemented 

compared different advanced windows in different buildings, orientations and 

geographical locations. One example, held in a typical mid-Swedish climate was the 



37 
 

evaluation of the energy balance and cost efficiency of a number of window 

combinations within a building (Karlsson et al., 2001); (Ma­ka and Yal­ēn, 2011).  

 

¢etiner and ¥zkan in their study in 2005 investigated an energy and economic 

efficiency procedure for different single-glazed and double-glazed building envelope 

configurations of a 30 floored office block in Istanbul. By following a number of 

steps such as some aims / limitations, a process of performance criteria and optional 

alternative solutions, a building model including thermal-optical properties, heat 

gains/losses, total energy loads and life cycle costs measured by using a software 

simulation, and finally concluding with a comparison of energy efficiencies and an 

exploration of efficient optional alternatives. From their results, they found that when 

comparing the most efficient double-glazed fa­ade to that of the most efficient 

single-glazed fa­ade the advantage was for the double-glazed option by a percentage 

of about 22.845. They also found that the most cost effective single-glazed option 

was about 24.68% more efficient than that of the most cost effective double-glazed 

option (¢etiner and ¥zkan, 2005); (Ma­ka and Yal­ēn, 2011).  

 

In 2008, Ma­ka developed the Win-Energy 1.0 software to measure the thermal 

performance effects and energy loads on different window options. The study 

involved the investigation of eight widow options of single-pane glass installed in 

different double-glazed and triple-glazed units, all experimented in different Turkish 

climatic regions (Ma­ka, 2008); (Ma­ka and Yal­ēn, 2011).  

 

In 2009, Urbikain et al. in their study suggested three ways in calculating the heating 

loads and energy savings obtained by the testing of different window options of a 

residential building. The first method investigated the measuring of the energy loss 

of the windows considering only the climatic conditions. The second method 

involved the influence of the windows on the energy from the heating system by 

considering the climatic conditions and building type. The third and final method 

was the usage of software namely TRNSYS16 and WINDOWS5 to obtain energy 

simulation results. These three energy oriented methods were applied to ten window 
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types with different orientations and window-to-wall ratios. The first method resulted 

in insufficient heating saving values within the building. The second method resulted 

in similar conclusions as the simulation third method, with the exception of the 

results obtained for the case of the solar control or spectral-selective glazing 

(Urbikain et al., 2009); (Macka and Yal­ēn, 2011).  

 

The introduction of double-paned windows to glazing to buildings is one way in 

reducing heat losses from interiors (Korpela et al., 1982); (Wright, 1996); (Karabay 

and Arēcē, 2012). The stagnant air layer filing the cavity of the double-paned window 

prevents heat flow into the interiors. Increasing this air cavity beyond a certain limit 

provides a negative effect by initiating convective currents and thus increasing heat 

transfer (Aydēn, 2000); (¢engel, 2003); (Karabay and Arēcē, 2012). In order to be 

able to increase the air cavity triple-paned and quadruple-paned windows have been 

introduced recently (Robinson and Littler, 1993); (Roos and Karlsson, 1994); (Manz 

et. al., 2006); (Fang et. al., 2010); (Manz, 2008); (Karabay and Arēcē, 2012). Further 

energy savings may be achieved with the replacement of this stagnant air layer by 

inert gasses such as argon, krypton or xenon (Reilly et. al., 1990); (Weir and Muneer, 

1998) (Karabay and Arēcē, 2012) or by aerogel (Reim et al., 2002); (Jensen et al., 

2004); (Schultz et al., 2005); (Karabay and Arēcē, 2012).  

 

According to a study in 1999, Larrson et al. investigated the combination of few of 

these considered window design options and designed a high performance window 

glazing. This super window was tested for efficiency. They found that the windowôs 

specification influence on the building interior is dependent on its characteristics, its 

orientation, and the climatic conditions. (Larrson et al., 1999); (Karabay and Arēcē, 

2012). 

 

Another research by Perrson et al. in 2006 studied the effect of the size of windows 

in Sweden and their energy performance of properly insulated buildings with the 

usage of a progressive building simulation software. They concluded that if the long-

established methods to create lower energy were replaced by the addition of larger 
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north facing windows better lighting could be obtained if triple-glazed windows were 

used (Perrson et  al., 2006); (Karabay and Arēcē, 2012). 

 

According to a research in 2010 by Hassouneh et al., the effect of window glazings 

in many of Ammanôs residences and how they influence energy performance was 

tested. By developing a simulation software using ASHRAE tables and applying it to 

their investigation, they concluded that glazing area within building could be 

increased in the case that energy efficient windows were used (Hassouneh et al., 

2010); (Karabay and Arēcē, 2012). 

 

According to a study by Sullivan and Selkowitz in 1985, an investigation was 

undertaken to analyze single, double and triple paned window glazings in terms of 

their energy efficiency in hot and humid, hot and dry, temperate and cold climates of 

the USA (Sullivan and Selkowitz, 1985); (Jaber and Ajib, 2011). 

 

According to a study by Rousseau in 1988, an investigation involving double and 

triple glazed windows which accommodates two and three panes of glass 

respectively with an air or inert gas layers between their panes was undertaken. 

These double or triple glazed windows provide more thermal resistance when 

compared to single pane windows. The reason for this is that the air or inert gas layer 

prevented the heat flow towards the interior, while the single pane windows did little 

to hinder the heat flow exchange (Rousseau, 1988); (Jaber and Ajib, 2011). 

 

As mentioned earlier, glazing (windows) add to the high energy losses from the 

interiors. For this reason, there is a high demand from the energy designer (architect 

or HVAC engineer) to design the residents according to the local outside climatic 

environment so as to keep both the interior spaces suitable for living and the 

occupants comfortable. To achieve this comfort, windows which are double glazed 

and triple glazed are first tested before being recommended for installation in the 

residential building. 
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Also building designers know that windows like triple glazing not only have the 

property of being highly insulating but also have low solar transmittance. This fact is 

important in summer were the window allows for reduced solar gains into the interior 

and reduce energy loads for cooling. However, in winter such reduction in solar 

gains into the interior overcomes the decrease of thermal losses and thus increases 

the need for energy in the form of heating (Gasparella, 2011). 

 

Table 4 Heat conductivities (k) of gases used in double and triple windows (¢etiner 

and ¥zkan, 2004). 

 

Gases  k value (W/m x K) 

Air  0.02730 

Argon  0.01772 

Krypton  0.00949 

Xenon 0.00569 

 

With technology, window glazings have improved by the additions of cavities that 

act as thermal buffer zones that resists heat propagation (¢etiner and ¥zkan, 2004); 

(Bektaĸ, 2008). Once filled with inert gases mainly argon, krypton or xenon that have 

lower heat conductivities respectively compared to air these cavities together with 

panes pasted with low-emittance coatings could perform efficiently. The heat 

conductivities of these gases used in double or triple windows are shown in table 4 

above (Bektaĸ, 2006); (Bektaĸ et al, 2008). Such improvements to the window 

glazings technology has allowed for the design of triple glazing windows with U-

Values that could be as low as 0.5 W / m2.K for use in low energy buildings (Manz 

et al., 2006).  

 

Much of the residential buildings in Turkey have low performance single-glazed 

windows installed. As a proportion, 87% of the residential buildings in Turkey have 

single-glazed windows installed, 9% have double-glazed windows, and an amount of 

4% have low-e coatings (MVV Consultants and Engineers, 2004). In Turkey, 

recently, little application of triple-paned window has been seen let alone quadruple-

paned windows which are still to be introduced to Turkey. 
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When the window is placed into the wall, it usually causes a thermal bridge or 

temperature exchange through the construction. While installing the windows in the 

center of the opening results in the lowest thermal bridge values. On the other hand, 

locating the window close to the inner side or outer side of the opening both result in 

high heat losses (B¿low-H¿be, 2011). Window systems consist of glass panes, 

structural frames, spacers, and sealants as shown in figure 10 below.  

 

 

 
 

 

Figure 10 Typical features of windows (http://www.wbdg.org, Last Accessed 18 / 11 

/ 2013). 

 

Overall, the best selection of window glazings is dependent on the building 

orientation, the local climate as well as the building type. When selecting windows 

the following characteristics should be considered: 

1) U-value (Thermal Transmittance). 

2) Solar Heat Gain Coefficient (SHGC). 

3) Visible Transmittance (Tvis-glass). 

4) Tints (Colors). 

5) Low Emissivity (Low-e) Coating. 

6) Air Gap of Double and Triple Glazing. 

http://www.wbdg.org/resources/windows.php
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As mentioned earlier, U-value also known as thermal transmittance coefficient is the 

property of windows reflecting the extent of heat flow from inside to outside and 

vice versa due to conduction, convection, and radiation. Low U-values of the 

building envelope mean a high value of insulation with lower thermal conductivity 

(ɚ) making the building envelope advantageous in cold climates by producing 

interior comfort. If there is a low U-value of the building envelope, lower heating 

energy demand is required (Ian, 2012; B¿low-H¿be, 2011). During winter the higher 

the U-value of a window, the more heat is lost from the interior to the exterior. In the 

cold dominant climate of Ankara, this loss of heat in winter is not recommended; 

therefore low U-values become necessary. While in summer the lower the U-value, 

the lesser heat loss occurs to the exterior leading to the need of supporting heat 

disposition by means of natural ventilation. The units of U-value is the British 

thermal unit per hour per square foot per ÁF (Btu/hr Ā ftĮ Ā ÁF). U-values may range 

from as high as a value of 1.3 for an aluminum frame single glazed window to as low 

a value of 0.2 for a multi-paned with low-emissivity coatings and insulated frame. It 

is important to know that the U-value is calculated by finding the average of glass, 

slash and frame (B¿low-H¿be, 2011). 

 

The lower the U-value, the lesser heat passes through the building envelope from 

interior to exterior and vice versa. Thus, this is advantageous for both winter and 

summer. In both winter and summer, the window option with the lower U-value 

provides an envelope with lesser heat gain or heat loss.  

 

Glazing has a good heat conductivity value. When comparing both thinner glazing 

the thicker glazing, the thinner glazing transmits more heat energy and thus an 

increased temperature value is collected in the interior. In addition, the thicker the 

glazing the lower is the U-value and the better is this glazing option for both winter 

and summer. 

 

On the one hand, there is the ñU-valueò which is defined as thermal transmittance 

and on the other hand, there is the ñR-valueò which is defined as thermal resistance. 
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ñR-valuesò are commonly used in North America and they are merely the reciprocal 

of the ñU-valueò. 

  

Solar heat gain coefficient is a central concept for high performance envelope design. 

SHGC provides a means for measuring blocked heat from the sun. Low SHGC 

results in high heat blocking and the lesser is the heat gain or loss through the 

window. The SHGC factor of windows has a value between 0 and 1. SHGC = 0 

means that all the incident solar heat subjected to the window is blocked and does not 

transmit any heat and thus there is no heat gain or loss of the window. On the other 

hand, SHGC = 1 means that all of the incident solar energy subjected to the window 

is allowed to be transmitted as heat and thus a maximum heat gain or loss through 

the window. A window with an SHGC value of 0.6 will transmit double the amount 

of solar heat as a window with an SHGC of 0.3. Windows with a low value of SHGC 

are recommended for buildings that are built using passive solar heat principles 

(Cocina, 2009).  

 

The lower the solar heat gain coefficient of the window, the better it is for both 

winter and summer. Here, the more the product is blocking solar heat, the lesser it is 

transmitting heat through the window. 

 

Tvis-glass is the measure of how much of the visible part of the solar spectrum is 

transmitted through the window glazing. Sunlight is part of the solar spectrum in the 

form of electromagnetic waves that reaches the earth. The solar spectrum consists 

collectively of ultraviolet (UV), visible, and infrared (IR) wavelength. Ultraviolet 

short wavelength cannot be seen by the naked eye, and they are the cause skin 

damage. Visible light is seen by the eye, and amounts to 47% of the sunlight energy. 

Infrared long wavelength also cannot be seen to the naked eye amounting to 46% of 

the sunlight energy (http://www.nfrc.org, Last Accessed 27 / 11 / 2013). 

 

Applying coloring or tinting, coatings or films to glass panes of windows enhances 

their properties. Glass tints are created during their manufacture by the addition 

http://www.wbdg.org/resources/psheating.php
http://www.nfrc.org/WindowRatings/The-NFRC-Label.html
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colorants. Other glass tints are created by the addition of colored films. One reason 

for the addition of tints is aesthetics, while another reason is to reduce solar gains. 

Window tints can block a significant amount of heat energy while still allowing for 

light as well as clear outside views as shown in figure 11 below. 

 

 

 
 

 

Figure 11 Different Tints (http://www.wbdg.org, Last Accessed 18 / 11 / 2013). 

 

Low-emissivity coated glazing (or low-e coated glazing) is a type of energy-efficient 

glass that prevents heat being transmitted through windows to the cold exterior and 

vice versa. When Low-emissivity or low-e coatings such as metal oxides are added 

to the glass panes during manufacture radiant heat transmission between the pane 

surfaces is reduced. In addition, low-e coatings lower the windowôs U-value thus 

reducing heat transfer from the interior to the exterior and vice versa. 

 

In addition, there are two types of low-e coatings namely hard and soft. Windows 

with the hard coatings are used in coupled windows and they are able to be cleaned. 

As for soft coatings, they are sensitive to mechanical treatment and have to be 

protected in a sealed insulating pane. Soft coatings have a very low energy emittance 

of 1 to 3 %, while hard coatings have energy emittance around of 16% (B¿low-H¿be, 

2011).  

http://www.wbdg.org/
http://www.pilkington.com/europe/uk+and+ireland/english/products/bp/bybenefit/thermalinsulation/energikare/what-is-energikare/d8ede2d6-fd72-4baa-8c8d-9262c0c45652.htm
http://www.pilkington.com/europe/uk+and+ireland/english/products/bp/bybenefit/thermalinsulation/energikare/what-is-energikare/d8ede2d6-fd72-4baa-8c8d-9262c0c45652.htm
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Old double glazed windows do not have low-e coatings and are thus not energy 

efficient. With the addition of low-e coatings to the new glazed windows energy 

efficiency is increased and energy bills are reduced. Windows with low-e keep heat 

within interior spaces in winter, thus allowing for comfortable occupancy of these 

spaces for more periods of the year. Usually heat tends to travel from hotter areas to 

colder spaces. Thus, windows that do not have low-e coatings allow heat to be 

transmitted through the glazing and towards the colder exterior. On the other hand, 

windows with low-e coating radiate heat poorly preventing it from being transmitted 

to the exterior. Instead, windows with low-e coating reflect retarding heat back into 

the immediate space (Elder, 2000). 

 

The presence of a low-e coating prevents heat in the form of long wavelength 

infrared rays from being transmitted through windows towards the interior and vice 

versa, thus being reflected either towards the interior or the exterior. While, on the 

other hand low-e coatings transmit short waves in the form of visible light through to 

the interior and vice versa. 

 

The gap filled with air or argon gas in double and triple glazing windows transfer 

heat by means of convection. Heat transferred by conduction through the outer pane 

of a double or triple glazing reaches the gas filled gap facing the pane. By means of 

convection between the solid (glass pane) and the fluid (air or argon) the hot 

molecules of the pane vibrate and transmit heat to the molecules of the fluid. The 

molecules start colliding with each other resulting in an increase of energy and 

vibration. Thus the temperature of the fluid increases and heat is transferred to the 

surface of the inner pane. The thicker the air gap, the more is the temperature 

increase and thus more heat is transmitted resulting in a hotter interior. 

 

The heat transmittance through double and triple glazing windows are described 

below:  
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1) Double Clear Glazing: This type of window consists of two glazing panes 

with a sandwiched air gap. The air gap reduces heat transfer due to its 

insulating properties. When compared to single clear glazing windows, 

double clear glazing windows reduces heat loss by half. Double clear glazing 

windows not only reduces heat transmission but also allows high amounts of 

visible light. 

 

 

 
 

 

Figure 12 Energy Distribution for Double Glazing Clear Glass 

(http://www.commercialwindows.org, Last Accessed 10 / 11 / 2013). 

 

Figure 12 above describes the distribution of solar radiation incident at two clear 

glass panes of a double glazing window. As the incident solar radiation reaches the 

outer glazing, part of it is reflected to the exterior and a large part is transmitted 

across into the gap before reaching the inner pane where a large part is transmitted to 

the interior space and a lesser part is reflected back first passing through the gap and 

then through the exterior pane to the exterior. During this process, solar heat is 

absorbed within both the exterior and interior panes. This absorbed heat within both 

the panes is released partly to the exterior and partly to the interior. 

http://www.commercialwindows.org/shgc.php
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2) Low-e Double Glazing: This type of window consists of two panes with an 

air or argon gas in between. With the addition of a spectrally selective low-e, 

coating heat loss in the form of interior long wavelength infrared radiation is 

reduced in winter and at the same time exterior heat gain in the form of 

interior long wavelength infrared radiation is reduced in summer. 

 

 

 
 

 

Figure 13 Energy Distribution for Double Clear Glass with Low-e coating 

(http://www.cl-windows-doors.com/glazing, Last Accessed 10 / 11 / 2013). 

 

Figure-13 above describes the distribution of solar radiation incident at two clear 

glass panes with a low-e coating located on the inner surface of the exterior facing 

pane of a double glazing window. As the incident solar radiation reaches the outer 

glazing, the long wavelength in the form of infrared radiation (heat) is reflected to 

the exterior while the short wavelength in the form of visible light is transmitted into 

the gap and then through the inner pane into the interior space. Thus during daytime 

or in hot climates heat gain to interior is reduced. On the other hand, long wavelength 

http://www.cl-windows-doors.com/glazing
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in the form of infrared radiation (heat) radiating from the interior through to the 

exterior is reflected back to the interior after reaching the pane with the low-e 

coating. Thus during cold nighttime or in cold climates heat loss from the interior is 

reduced.  

 

The U-Values and SHGC of two double glazing units one without low-e coating and 

the other with low-e coating are shown in table 5 below. 

  

Table 5 U-value and SHGC of a double glazing with and without Low-e coating. 

(http://www.adelaidecitycouncil.com, Last Accessed 11 / 11 / 2013) 

 

Glass Type U Value (W/m2 x k) SHGC 

Double Clear Glazing 2.70 0.70 

Low E Double Glazing 1.90 0.66 

 

1) Triple clear glazing: Triple glazing is manufactured using the same principle 

as double glazing, but three glass sheets are used. Recently triple glazing 

windows is the better option for maximum energy transfer between interiors 

to exteriors. 

 

Figure 14 below describes the distribution of solar radiation (heat) incident at three 

clear glass panes of a triple glazing window. As the incident solar radiation reaches 

the outer glazing, part of it is reflected back to the exterior while a larger part is 

transmitted through to the first gap. Similarly, when this transmitted solar radiation 

(heat) reaches the middle pane part of it reflected and a larger part is transmitted 

through to the second gap. Here, the reflected heat passes back to the exterior first 

through the first gap and then through the exterior facing pane. The transmitted heat 

that reaches the second gap also passes towards the inner pane where a large part of 

it is transmitted to the interior space and part is reflected back to the second gap 

before being transmitted through the middle pane, first gap and exterior pane. On the 

other hand, interior heat is transmitted to the exterior in the same way but in the 

opposite direction as the heat transmission from the exterior to the interior. 

  

http://www.adelaidecitycouncil.com/assets/acc/Development/planningbuilding/docs/glazing_fact_sheet.pdf
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Figure 14 Energy distribution for Triple Clear Glass (http://www.bettaglaze.co.uk, 

Last Accessed 11 / 11 / 2013). 

 

Figure 15 below describes the distribution of solar radiation (heat) incident at three 

clear glass panes with a low-e coating located on the exterior surface of the inside 

pane of a triple glazing window. As the incident solar radiation reaches the outer 

glazing, part of it is reflected back to the exterior while a larger part is transmitted 

through to the first gap. Similarly, when this transmitted solar radiation (heat) 

reaches the middle pane part of it reflected back and a larger part is transmitted 

through to the second gap. Here, the reflected heat passes back to the exterior first 

through the first gap and then through the exterior facing pane. The heat transmitted 

through to the second gap reaches the inside pane. Here, due to the presence of the 

low-e coating, the short wavelength visible light is transmitted to the interior and the 

long wavelength infrared heat radiation is reflected back through the second gap, 

middle pane, first gap and outside pane to the exterior. On the other hand, the long 

wavelength in the form of infrared heat radiation radiating from the inside through to 

the exterior is reflected back to the inside after reaching the inside pane because of 

the low-e coating. Thus, during daytime or in hot climates heat gain to interior is 

http://www.bettaglaze.co.uk/triple_glazing.htm


50 
 

reduced. And during nighttime or in cold climates heat loss from the interior is 

reduced.  

 

 

 
 

 

Figure 15 Energy distribution for Triple Clear Glass with Low-e Coating 

(http://www.greenspec.co.uk, Last Accessed 13 / 11 / 2013). 

 

2.2.4.2 Window Frames 

 

The frame of a window may be made of different materials ranging from UPVC, 

wood or aluminum. The frame and the window glazing together give the window its 

characteristics. The selection of the window frame is based on its appearance, 

thermal efficiency, ease of maintenance, ease of service, cost, availability, shape and 

its recyclability. Various types of energy efficient window glazing frames are 

available with energy efficient glass and gas inserted in between the panes (Spence, 

2000). 

 

Aluminum windows are made from extruded aluminum structural members. Since 

aluminum is easy to work complex designs these members are readily produced 

(Spence, 2000). Aluminum has an excellent strength-to-weight ratio, resists 

corrosion and easily yields to complex shapes. In addition to its yielding property, 

http://www.greenspec.co.uk/windows.php
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aluminum does not rot or deform thus lasting the building lifecycle but requiring 

periodical maintenance.  

 

In term of prices, aluminum frames have the lowest cost when compared to other 

window frames. Since aluminum is a good conductor, heat is transmitted easily 

through the frame. This is a setback which is combated by the addition of a thermal 

break which comes in the form of a vinyl profile located in between two aluminum 

sections. The result is a thermally resistant window frame. 

 

Aluminum does not hold brush paint well, so it is recommended that the original 

paint of aluminum is used in the coloring of the frame (Spence, 2000).   

 

Wooden framed windows are available with fixed and operable sash. They may be 

clad with plastic or aluminum or left natural and / or painted. Wooden windows are 

good products both in appearance and qualities. They last long however they are 

accompanied with a price. Wooden windows are bought with three or more times the 

price of a similar vinyl window. Not only that but they also require constant 

maintenance. Low price wooden windows mean long term losses because with time 

they tend to crumble. These low quality windows need constant maintenance which 

if not done, will  lead to their crumbling.  

 

Not every client could afford the luxury of wooden windows. Such wooden 

windows, even though expensive, require constant maintenance and painting. Thus, 

money expenditure never stops in such a case. Wooden frames provide better 

insulation than metal and plastic windows. However, they do swell and shrink as the 

moisture content changes (Spence, 2000).    

 

Since its creation in the 1920ôs, Vinyl has been the most widely used plastic in the 

world including window frames.  Being known as polyvinyl chloride (PVC), it 

resists both chemicals and corrosion reactions. An extended product unplasticized 



52 
 

polyvinyl chloride (UPVC), has the same property of PVC with the addition of 

offering safety to harmful ultraviolet energy arrival from the sun. 

 

When comparing window frames, the most efficient ones are the UPVC frames. 

Aluminum frames are thermally not as efficient as timber or UPVC as they will 

transmit heat and cold air in and out of the building. UPVC could be easily shaped 

into different forms, providing high thermal resistance and also a good strength to 

weight ratio. Moreover, UPVC frames could be easily manufactured and given 

different colors or paints thus favoring it over other frames such as aluminum and 

wood. Thus UPVC frames are preferred. 

 

Moreover, UPVC frames could be easily manufactured thus favoring it over other 

frames such as aluminum and wood.  

 

In its natural form, UPVC frames do not rust, swell, pit, peel or corrode and never 

needs painting. Its members can be produced with the accuracy needed to provide 

airtight fits (Spence, 2000).  

  

In addition, UPVC frames are very strong thus making them unbreakable and lasting 

the lifecycle of the building. It could also be added that UPVC frames require no 

maintenance however some cleaning makes the window looking new. Another 

quality of UPVC is its good insulation property against both hot and cold making it 

the better option for both winter and summer. UPVC frames only drawback are their 

bulky appearance. To solve that modern UPVC frames are toned down to give them 

smoother appearance. In this thesis, UPVC frames are selected to frame the glazing 

windows under investigation. 

 

2.2.4.3 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 
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and set into close positioning with mortar. A type of building envelope is the heavy 

construction that is popular in Turkey. Common construction utilizes concrete 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 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 (B¿low-H¿be, 2011). 

 

Concrete masonry units (CMU) not only are cost efficient, but also increase 

productivity by reducing construction time. Their light weight reduces energy spent 

in transportation and improves the buildersô workmanship. CMUs are manufactured 

into three types according to their weight class namely heavyweight, medium weight 

and light weight. They are distinguished by their pounds per cubic foot (pcf). 

Heavyweight units weigh 125 pcf or more. Medium weight units weigh between 125 

pcf and 105 pcf. Lightweight units weigh less than 105 pcf. A (0.20 x 0.20 x 0.40 m) 

CMU heavyweight unit is 15.42 kg or more, a medium weight unit is between 12.70 

and 15.42 kg, while a lightweight unit is less than 12.70 kg based on a 50% solid unit 

(Lochonic, 2010). 

 

A standardized shape and size of these concrete blocks is (0.203 x 0.203 x 0.406 m). 

With further adjustments considering the extra mortar this block size has been 

reduced to (0.194 x 0.194 x 0.388 m). To achieve wanted properties of the concrete 

block, constant monitoring is necessary while they are manufactured (Portland 

Cement Association, 2013); (Ramachandran, 2013).   

 

The concrete used in the production of the concrete blocks is made from the 

following constituents namely powdered Portland cement, gravel, sand, and water. 

The result is a light grey, smoothly textured block with a high compressive strength. 

When compared to other concrete blocks used for general purposes, these blocks 
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have higher sand percentages and lower gravel and water percentages resulting in a 

very dry and stiff mixture that retain a strong and stable shape once it is removed 

from its mold.  

 

 

 

 

Figure 16 Hollow Concrete Blocks (Ramachandran, 2013). 

 

Hollow CMU blocks are very efficient with a number of advantages, one being its 

usage as part of the structure in the form of walls and slabs. As mentioned earlier, 

hollow CMU are fire resistant, sound resistant and have a high thermal mass (Hoke, 

1993). 

 

Hollow CMU units exist with a central core that not only reduces the blocks weight 

but also eases labor effort. Some of the different sizes of hollow concrete blocks are 

shown in figure 16 above. 

 

Lightweight concrete provide more energy savings because their heat flow resistance 

is twice that of heavy weight concrete and therefore less energy is needed to 

heat/cool the interior (Yiĵit et. al, 2011). 

 

In comparison to normal aggregates, light weight aggregates have higher water 

absorption rate as well as lower relative density. Furthermore, not only is it light 
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weight but it also has good strength, high fire resistance and good heat insulation. 

Using lightweight aggregate in concrete has a number of advantages namely the 

reduction of dead load, reduction in handling and transportation costs as well as 

improved fire resistance capability (Yiĵit et. al, 2011). 

 

In building construction, lightweight concrete (LC) has been utilized as masonry 

blocks, wall panels, roof decks as well as precast concrete units. The light weight of 

the aggregates used in the manufacture of lightweight concrete was beneficial 

especially for constructions built in seismic zones (ķahin et. al., 2012). 

 

In terms of advantages in cost efficiency, lightweight aggregates with low thermal 

conductivity could be used to produce lightweight concrete blocks (Al -Jabri et al. 

2005).  

 

Natural or artificial lightweight aggregates are found and provided all around the 

world and with their different characteristics of weight and strength could be used to 

produce concrete used for different purposes such as internal and external walls, 

internal layers of exterior cavity walls, fill panels as well as isolation elements of 

roof decks and floors (Top­u, 2001); (Demirboĵa et al. 2001). Lightweight 

aggregates could be produced from natural materials, by-products or unprocessed 

materials. With a large number of voids that could occur within in the aggregate, 

lightweight aggregate concrete could have a higher thermal insulating characteristic 

when compared to normal heavyweight concrete. Therefore, lightweight concrete is 

advantageous with its lightness as well as good thermal insulation (Al-Jabri et al. 

2005); (ķahin et al., 2012). 

 

When applied to building constructions, these concrete blocks may heat or cool, 

absorb or radiate heat to the surrounding components of the wall system. The thermal 

performance of these concrete blocks depends on the one hand on the thermal 

insulation applied or the on the other hand the different wall layers. Moreover, 

lightweight concrete blocks provide more a thermal mass effect when compared to 



56 
 

other wall systems such as wooden or steel construction. Even with similar 

thicknesses, lightweight concrete blocks stores less heat when compared 

heavyweight concrete blocks. However, lightweight concrete releases heat slower, 

something which adds to its total thermal performance (Ramachandran, 2013).  

 

Energy efficiency could be achieved by masonry construction. Masonry wall systems 

may use interior insulation, integral insulation, or exterior insulation for maximum 

design flexibility. Interior insulation comes in the form of fibrous batt or rigid board 

insulation can be granular or foamed in place insulation or rigid polystyrene inserts. 

Exterior insulation mainly comes in the form of rigid board attached to a wallôs 

masonry surface and covered with a weather resistant coating or plaster (Simpsons, 

2001). 

 

Lightweight blocks have the advantages of improved worker productivity and morale 

leading to faster construction and projects finishing with minimum mason accidents 

and injuries.  

 

The data in APPENDIX-YY  shows the image, dimensions, density, weight, block 

per cube, fire ratings of a number of available hollow concrete masonry units. 

 

2.2.4.4 Wall System (Autoclaved Aerated concrete (AAC) Block) 

 

Due to its light-weight, low density, high fire resistance and unique thermal and 

breathing properties, Autoclaved Aerated Concrete (AAC) has been one of the most 

commonly used construction materials (Taĸdemir and Ertokat, 2002); (Andolsun et 

al, 2005); (Narayanan and Ramamurthy, 2000a). These properties make AAC a 

suitable material for earthquake-resistance purposes (Taĸdemir and Ertokat, 2002). 

However, AAC has a disadvantage of deteriorating when exposed to water 

(Andolsun, 2006). 
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AAC is produced and used in Turkey either as building blocks or steel reinforced 

panels. AAC building blocks are divided into three types namely masonry blocks, 

floor blocks and insulation blocks. AAC steel reinforced panels may be used as wall 

elements, roof and floor deck elements as well as complementary elements such as 

lintels (www.akg-gazbeton.com, Last Accessed 05 / 03 / 2014). The dimensions and 

shapes of the different types of AAC are shown in table 6 below and figures 17 and 

18 below. 

 

Table 6 Product Dimensions of AAC Masonry Blocks (www.akg-gazbeton.com, 

Last Accessed 05 / 03 / 2014). 

 

Type of the Masonry Block  Length (l) 

(cm) 

Width (b) (cm) Thickness (d) 

Plain-end wall blocks 60 25 (5 - 35) 

Tongue and groove wall blocks 60 25 (15 ï 35) 

U-blocks 60 25 (20, 25, 30) 

 

 

 

 

 

 

 
Plain-end wall blocks Tongue and groove wall 

blocks 

U-blocks 

 

Figure 17 Aerated Autoclaved Concrete (Aroni et. al., 1993) 

(www.akg-gazbeton.com, Last Accessed 05 / 03 / 2014). 

 

 
 

 
 

 

Figure 18 Aerated Autoclaved Concrete - close-up view (Aroni et. al, 1993). 

http://www.akg-gazbeton.com/
http://www.akg-gazbeton.com/
http://www.akg-gazbeton.com/
http://en.wikipedia.org/wiki/File:Aerated_autoclaved_concrete_-_detail.jpg
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AAC blocks is made from fine aggregates, cement and an expansion agent that gives 

it the property of being blown just like the bread dough when exposed to heat. Thus, 

it can be said that AAC consists of 80% air. AAC blocks, shown in figure 17 and 18, 

created by the Swedish architect Johan Axel Eriksson first appeared in the 1920ôs 

(Aroni et al., 1993).  

 

In Turkish Standards, Autoclaved Aerated Concrete may be defined as a lightweight 

concrete that consists of a mixture of fine grain siliceous aggregate and an inorganic 

binder agent such as lime or cement that acts with pore-forming agent which 

decreases the mixtureôs unit weight. This is followed by a steam curing process 

which gives the mixture its mechanical strength (TSE, 1988); (¢i­ek, 2002). Another 

definition of Autoclaved Aerated Concrete may be described basically as a mortar 

with pulverized sand and/or industrial waste like fly ash as filler, in which air is 

entrapped artificially by chemical means (metallic powders like Al, Zn, H2O2) with 

the result greatly reduced density (Narayanan & Ramamurthy, 2000b).  

 

2.2.4.5 Plasters and Renders 

 

Mineral-based plasters function as outdoor or indoor plasters and either hand or 

machine pasted plasters. Plasters and renders for exteriors are weatherproof, 

moisture, rain and temperature change resistant. Cement-based, lime-based plasters, 

synthetic resin and silicate dispersion plasters are the best in usage for outdoor 

plastering. 

 

Plasters applied in interiors must be breathable, abrasion-resistant and appropriate for 

decoration or coated layers, wall paper and tiles. Internal plasters may be made of 

gypsum or gypsum-lime or lime-cement or gypsum cement skim, but recently, clay-

based plasters are becoming common in the market because of their better 

environmental impact (Spence, 2000).  
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In this thesis, Gypsum Insulating Plaster is used for interior and exterior coating 

because of its low conductivity of (0.18 W/m2 x k) when compared to other plasters. 

The better the insulation, the less heat gain or loss occurs. 

 

2.2.4.6 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 

(ASHRAE, 2001); (Al-Homoud, 2005). 

 

In Turkey, due to little insulation in existing and new buildings, the result is a lot of 

heat loss and energy waste. Thus enough thermal insulation leads to much energy 

savings (Bolatt¿rk, 2006). 

 

In modern times as mentioned earlier, energy is a basic requirement for the social 

and economic progression of societies. This requirement in energy conservation 

became ever more important after the oil crisis of 1973. For the condition of Turkey 

which imports much of its energy, this has influenced its national energy strategies. 

In addition, much more energy would be required due to the population and 

urbanization increase. It is expected that the population of Turkey would increase to 

100 million by 2020, therefore, further energy conservation is required. As 

mentioned earlier, even though Turkey has resources such as hard coal, lignite, 

asphaltite, petroleum, natural gas, hydroelectric energy and geothermal energy, it has 

imported fifty two percentage of the energy it spends from other countries (Oĵulata, 

2002); (Bolatt¿rk, 2006). 

 

In cold climates, energy in the form of heating is mainly consumed in buildings. 

With time and technology, one way to minimize this costly energy consumption that 

otherwise pollutes the environment, was the application of thermal insulation on 

walls (Aksoy, 2012). 
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As an influential addition to the wall, thermal insulation within the wall is major in 

reducing energy usage. Since energy is released by fossil originated fuels and 35-

40% of that energy is utilized to heat buildings, the need arises to save it by applying 

these fuels efficiently (Ayta­ and Aksoy, 2006); (Aksoy, 2012). 

 

Wall thermal insulation is one method to decrease heat loss from buildings. An 

amount of 77% of energy consumed within a building could be saved by adding 

thermal insulation to roofs and walls (Mohsen and Akash, 2001); (Aksoy, 2012). In 

the past almost no insulation was applied in buildings in Turkey, something which 

led to high heating energy consumption. The mean heat usage in residents was above 

200 kWh/m2 per year (Dilma­ and Kesen, 2003); (Aksoy, 2012). Thus energy saving 

gained increased importance in Turkey. Since Turkey imports much energy, the 

Ministry of Public Works and Housing released a new regulation namely (TS 825) in 

1998, once applied, reduced considerable energy consumption in buildings (Turkish 

Standard Institution, 1998); (Aksoy, 2012).  

 

 

 
 

 

Figure 19 Thermal regions of 81 cities for Turkey (Ankara being numbered as city 6 

in region 3) (TS 825 Standard). 

 

The TS 825 Standard provided necessary information of insulation that must be 

followed in buildings in Turkey (TSE, 2008). In Turkey, TS 825 óHeat Insulation 
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Code in Buildingô described from figure 19 above and figure 20 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 U-value for Climate Regions I, II, III and IV should be 2.4 W/m2K for all 

window glazings (TSE, 2008). 

 

 

 
 

 

Figure 20 Thermal Transmittance requirements according to (TS 825 Standard). 

Examples for the different regions are as follows: 

 

         1) 1
st    

Region =  Antalya, Adana (hottest outdoor temperature)  

         2) 2
nd 

 Region =  Ķstanbul, Samsun (moderate outdoor temperature) 

         3) 3
rd  

 Region =  Ankara, Konya (cold outdoor temperature)  

         4) 4
th
   Region =  Erzurum, Kars (coldest outdoor temperature)  

 

The walls with all its components such as the masonry blocks, plaster and thermal 

insulation is very important in the thermal calculations of the building (Aksoy and 

Inalli, 2003); (Aksoy, 2012) Some Research regarding thermal insulation is as 

follows: 

 

Bolatt¿rk in 2006 determined the most favorable insulation thickness, energy savings 

and payback periods of various fuels for sixteen selected locations with four different 

climates. He found that energy savings ranged between twenty two and seventy nine 
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percentage while the most favorable insulation ranged between two and seventeen 

centimeters (Bolatt¿rk, 2006). 

 

In 2003, ¢omaklē and Y¿ksel tested the most favorable insulation thickness suitable 

in cold locations. The optimization was based on the life cycle cost analysis. They 

concluded that energy savings could be obtained once optimum insulation 

thicknesses were applied within walls (¢omaklē and Y¿ksel, 2003). 

 

In 2004, Dombayēcē found that in the city of Denizli, Turkey, once the most 

favorable expanded polystyrene thickness was applied to the walls, energy 

consumption was decreased by 46.6% (Dombayēcē, 2004). 

 

In 2008, ¥zel and Pēhtēlē determined the most favorable insulation thickness applied 

to external walls for Adana, Elazēĵ, Erzurum and Ķzmir provinces considering the 

heating and cooling degree day values (¥zel and Pēhtēlē, 2008). 

 

In 2010, U­ar and Balo determined the most favorable insulation thicknesses of 

different wall structures for four different insulation materials and for four climatic 

zones within Turkey and for different fuel types. They concluded that energy cost 

savings ranged between 4.2 $/m2 and 9.5 $/m2, according to the city and type of 

insulation (U­ar and Balo, 2010). 

 

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 was used for both walls and roofs insulation. (Mohsen and Akash, 2001); 

(Bolatt¿rk, 2006). 

 

In a study by Jaber in 2002 regarded space heating load, he concluded that 50% of 

this load could be decreased by the application of economically suitable thermal 

insulation material to walls and ceilings (Jaber, 2002); (Bolatt¿rk, 2006).  
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According to the study by Al-Sallal in 2003, the payback period when both 

polystyrene and fiberglass roof insulations were applied in warm and cold climates 

was investigated. He concluded that the payback period in cold climates was less 

than that in warm climates (Al -Sallal, 2003); (Bolatt¿rk, 2006). 

 

Another study by Hasan in 1999 investigated cost savings and payback periods 

obtained when both rock wool and polystyrene insulation were applied. He used a 

life-cycle cost analysis to obtain the most favorable insulation thicknesses. A saving 

of 21$/m2 of the wall area resulted when rock wool and polystyrene insulation was 

used. Moreover, a payback period of 1-1.7 years for rock wool insulation and 1.3-2.3 

years for polystyrene insulation were obtained, for different wall constructions 

(Hasan,1999); (Bolatt¿rk, 2006). 

 

According to a study by Al-Sanea and Zedan in 2002, an investigation of the effect 

of the heat transfer properties on the wall orientation was done with the result that 

both were closely related and were mutually influenced. However, they concluded 

that heat transfer, in comparison, had lesser effect on the cost and the most favorable 

thickness of the considered thermal insulation material. They also studied the 

economic aspects of the total price and the most favorable thermal insulation 

thickness (Al-Sanea and Zedan, 2002); (Bolatturk, 2006). 

 

From all these studies, it could be concluded that the building envelope components 

such as walls and roofs of buildings being the dividing elements that separate 

interiors from exteriors affect the energy performance of buildings. The addition of 

thermal insulation should be considered according to climate and the interior thermal 

comfort needs of occupants. Thermal insulation is usually added as part of the 

building envelope component to decrease interior heating and cooling, energy usage 

as well as costs. Increasing thermal insulation thicknesses adds to the monetary costs 

on the one hand, but on the other hand reduces the costs for interior heating and 

cooling. Consequently at the most favorable thermal insulation thickness the cost of 

fuel is minimal. In turn, no extra energy saving would occur if the thickness of the 
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thermal insulation is increased (Mahlia et al., 2007); (U­ar and Balo, 2010). When 

comparing the thermal insulation materials to other natural or man-made materials 

differences in behavior occur according to temperature exposure. Much research has 

been done investigating the influence of operating temperature on the thermal 

behavior of thermal insulation materials (Al -Homoud, 2005); (U­ar and Balo, 2010). 

 

According to a study by Bolatt¿rk in 2008, the optimum thermal insulation 

thicknesses according to both the heating and cooling loads were obtained for a 

number of cities located in the first climatic zone of Turkey as per the TS 825 

standard (Bolatt¿rk, 2008).  

 

According to a study by Dombayēcē et al. in 2006, the optimum thermal insulation 

thickness of the exterior building envelope for two different insulation materials 

namely expanded polystyrene and  rockwool were calculated in Denizli (Dombayēcē 

et al., 2006) 

 

In their study, ¥zel and Pēhtēlē analyzed differently located insulations in twelve wall 

systems in different seasons namely winter and summer in the city of Elazēĵ, Turkey. 

Different insulation configurations across the different wall systems were 

investigated with the thicknesses of both the insulation and masonry remained 

constant. The best location of insulation from the different wall systems with the 

consideration of their time lag and decrement factor characteristics was investigated 

in both summer and winter. They concluded that the best option was to locate three 

insulation layers one on the outside, the second in the middle and the third in the 

inside. In addition, another conclusion obtained was that locating thermal insulation 

at the interior and exterior sides of the wall produced the better option when 

compared to locating insulation with different thicknesses from the maximum time 

lag and minimum decrement factor perspective (¥zel and Pēhtēlē, 2007). 

 

It is usual in the construction that the insulation is applied in the exterior, middle or 

interior of the wall structure. However, according to recent developments in research 
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by (Asan, 2000); (Sodha et al, 1997) (Bojic and Loveday, 1997); (¥zel and Pēhtēlē, 

2007) it was concluded that a higher thermal performance would occur when a 

double layer of insulation is applied when compared to a single layer of insulation 

with the same total thickness. From the study, the worst option was locating a single 

insulation piece at different locations other than that of the exterior. In addition, high 

time lag and low decrement values were obtained when half of the insulation was 

located in the exterior surface and half was located in the center of the wall (Asan, 

2000); (¥zel and Pēhtēlē, 2007). 

 

Nowadays, in the insulation industry, it could be noticed that such products are 

available in sheets with different thicknesses. In new construction, insulation could 

be installed in the exterior surface, sandwiched in the wall or the interior surface. In 

the case of already erected walls or built construction, the only locations to place 

insulation are either the exterior or interior surfaces of the walls (Asan, 2000). 

 

Insulation materials come in many forms as shown in figure 21 below. The first 

being batts and blankets, the second being rigid materials such as foam boards and 

fiber boards, the third being sprayed-on materials such as polyurethane and finally 

loose fill insulation such as cellulose (Simpsons, 2001). 

 

Plastic foam panels or rigid insulation panels are used variously. Polyurethane and 

polystyrene panels could be used for interior and exterior applications for both 

residential and commercial constructions.  

 

Rigid fiberglass or mineral wool boards are used to insulate masonry, steel and wood 

construction components. These insulation products are good in draining water 

through themselves and away allowing them to be suitable for wet facing areas such 

as foundations and marine applications. These products are also used for high 

temperature facing devices such as solar collectors. 

 

 



66 
 

 

 
 

 

Figure 21 Classification of the most used insulating materials (Papadopoulos, 2005). 
 

Plastic foam insulation panels are also applied in exterior building envelope. For 

example polystyrene insulation may be attached to the exterior of masonry wall 

together with a stucco coating that sticks as an outer layer (Krigger and Chris, 2009). 

Moreover, it is not the thermal insulation fibers that resist the heat flow, however it is 

the countless microscopic air pores within the insulation material fabric that resist the 

convective heat transfer by prohibiting air from moving (Al-Homoud, 2005).  

 

Thermal transmittance or U-Values of some insulation results are given in the figure 

22 below. Thermal insulation has many benefits from which the following are but a 

few: 

 

1) Economic benefits: By the application of thermal insulation with a low initial 

capital investigation, approximately 5% of the total building cost and much 

energy savings could be achieved which means much energy cost savings and 
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thus much operating cost savings. Reduction in operating costs equals 

decrease in HVAC system costs (Al-Homoud, 2005). 

 

2) Environmental benefits: The application of thermal insulation saves energy 

by reducing operation costs and improving environmental benefits. This 

could be achieved since pollution producing mechanical systems would be  

minimized (Al-Homoud, 2005). 

 

3) Thermally comfortable buildings: The application of thermal insulation 

reduce the energy load expended by the HVAC systems and thus increase the 

period of indoor thermal comfort (Al-Homoud, 2005). 

 

 

 

 

 

Figure 22 The thermal transmittance of several common insulation materials with 

five centimeter thicknesses compared to the thermal transmittance of a concrete 

block (Al -Homoud, 2004). 


