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ABSTRACT

AN ENERGY AND ECONOMIC EFFICIENCY COMPARISON OF THE
BUILDING ENVELOPE OF AN APARTMENT BUILDING IN ANKARA,
TURKEY

Ahmed ShorbagiMustafa Ibrahim Saeed
M.S., in Building Science, Department of Architecture
Supervisoo Dr . Aykem Berrin Zeytun ¢akm
June 2014321 pages

The main aim of this thesis to study the energy and the economperformance of

the building envelope of an apartment floor consisting of three flats in Etlik, Ankara.
Three flats namely flat facing South-West, flat2 facing South-East and flat3
facing North are considered. Three different glazing window typesney ISICAM
KLASIK, ISICAM SINERJI and ISICAM SINERJI 3+ with different thermal
transmittance valueareinvestigatedas well aghe Base Case wall section, four wall
sections involving Aerated Autoclaved Concrete Blocks, four wall sections involving
Heavyweght Concrete Block and four wall sections involving Lightweight
Concrete Blocks. The wall sections appliate of different configurations one
without insulation and the remaining threee having insulation on the exterior,
sandwiched anth the interior Both theinitial investment and operation costsall
these alternativearefound and a performance sequeigebtained to find out the
most efficient alternative. In terms of the glazing window uyritie most efficient
alternative both energy wisa@ economy wises ISICAM SINERJI 3+ for flatl

and flat2. The result for flaB 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 setii®nsost
efficient are those with insulation in the exterioné interior for both the AAC



Blocks and Lightweight Concrete Blocks. Tissnainly due to the low conductivity
values of AAC blocks followed by the Lightweight Coeta Blocks.

Keywords: Building Envelope, Design Builder, Energy and Economic Performance
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CHAPTER 1

INTRODUCTION

The introduction part othis thesis puts forward the main arguments that are to be
investigated, followed by the aims and objectigesout 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 pastmuch of the worldly energy was wasted especially in different bigigdin
Thus the introdiction of new regulations by different countrregarding the energy
potential of construction systems became common in an attempt to control wasted
enegy and conserving itsawell as reducing the burning of energy resources that
may release pollutants in the form of CQRat 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 constireeged

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 incréasiegde

energy usage throughout Turkéyhus 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 Tugkand manymprovements in construction ¢héo be
done to modernize it and avoid the old habit of congtrganefficiently. At the

same time sincedwellings of all types ranging from villas, dormitories and



apartments etc. are the most buildings in deimdmne to the rising population of

Ankara,dwellingshaveto be constructed in modern energy efficient svay

In this thesisthe 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 tér@peratecold dominated
climate of Ankara and the application of some proposed opaque and transparent
building envelope optionsthe most energy efficientalternatives would be

recommended.

1.2 Aim and Objective

The main aim of this thesis 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 castsa comparison of yearly
energy loads obtained with the usage ofeamergyoriented computer simulation
program, the performance of few window types as well as a number of different wall

systems W be tested.

Another aimis to investigate and compare the performance of the same three typical,
conventional and common window systewtsich areavailable in the markefThey
represent differentvindow glazingalternatives used throughout the years of glazing
technology performamc 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 stard required minimum and finally a high

performance glazing windotype with a thermal transmittance of 0.778 W/m2.k



Included in this investigation are three different block materials namely Aerated
Autoclaved Concrete Blocks, Heavyweight Concrete Bloand Lightweight
Concrete Blocks whicthave different characteristics of heat conductivitihis
property of the blocks influences the heat transfer through the total wall system
sections to be tested. Thedluence of this property on the interiors oéthpartment

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

obtained from the simulation program Design Builder

Another important aim is to tethe absence of insulation in all the thihfferent
block wall system sections to see its effentthe opaque building envelopad 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 sgctions
this thesis deals with the $ia originally used wall system section and investigates
the efficiency of the three different constructiovall systems namely Aerated
Autoclaved Concrete Blocks, Heavyweight Concrete Blocks and Lightweight
Concrete Blocks Here, the important factor whit is to be investigateds the
distribution and location of the insulation layer.idttested by either locating the
insulation to the outside of the exterior wall or sandwiched betWwieek wall layers

or located inside the exterior wall. Studies hageerbimplemented to decide which
locationis the most efficient locatianThis 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 performamoestigationof the

three glazing window alternatives and the different wall system sections, an
orientation energy comparison of the first fladrthree different flatsl, 2 and 3 that

face Suth-West, SoutkEast and North respectively investigatedThe influence of

the solar energy caused by the prevailing sun from the morning to the evening
passing from dawis eastern sun tihe mid-days southern sun thugh to the western

setting suns analyzed from the results of the simulation.



According to these aimghe objectivesare not only to reduce the release of
pollutants such as CO2 produced by the burning of fogslsfused in heatinthe
interiors but also to reduce the energy spent by the mechanical equipméentiteat

for heatng during the winter in théemperate coldominant climate of Ankara.

1.3 Procedure

Thanks to computer technolaggnergy performance of buildings could be simulated

before construction. This advantageous capabgdisomething which was not easily

known in the past. By means of simulation of the location, climate and weather,
orientation, shape of the building, hiling materials with their material
specifications, windows with their different sizes and different specification, as well

as different wall configurations, architects and buildars able tosimulate the

thermal performance of the building that is tokglt. The main appradn of this

thesisis to usea thermallyoriented software named Design builder to study the

opague and transparent parts of the building envelbpe.main source of data for

this thesis is the digitlhibthegidg®aWlinfatcl e f or

source typical to Ankara City.

Moreover the benefits of this computer prograare made use of in this thesis to
investigatedifferent alternatives of the opaque and transparent commé the
building envelope namely thredifferent glazing window types and different wall
system types. They are analyzed in terms of both energy and economy efficiency. As
a resulfthe most energy and economic efficient alternatives are selected and the best

alternatives are recommended foags in the market.

1.4 Disposition

The thesisconsists of five chapters whose contents are described as documented in

the following paragraphs:



Chapter-1 includes the introduction of the thesis. It statesargument, the aim and
objectives, the procedre of thesis as well athe disposition of the various chapters

beingconsequently mentioned.

Chapter 2 constitutes of a literate survey covering the thegimain issues. Some
information regardingooth energy conservation and consumption are mentioned.
Then information aboutglobal warmingand theKyoto protocol are mentioned
followed by some statistics about TurkeYhen details about passive design
principles, orierdtion and ventilation are natdollowed by information regarding

the building envelope and some of related characteristics that influerere it
mentioned nexincluding thermal comfort. Important details about windows and
related characteristics, followed by information regardirifgint 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 insulafioen detaik
regarding glassiool insulationaregiven followed by information regarding building
energy simulation. The final part related to the main topic of this tiresisapter 2

are details regardintpelife cycle cost analysisnitial investmentand operation cost

Chapter 3 discusses thenaterial, Ankara climate anaiethodology followed in the
thesis. First of aJla photograph of case study apartment is giveme typical first
floor plan is documented together withpartial section indicatim the important
specificatiors of the buildingollowed by the procedure. Herne window and wall
specifications underinvestigation are tabulated The second part includes
information of Ankara climateobtained fromClimate Consultanprogram And

finally the methodology andnhethod of simulation is mentioned and clarified.

Chapter 4 deals with the results obtained after the cotapwsimulations. The
resulting éta from the graphs and tablesthe simulationare obtained first of all

then theywould be analyzed and discussed.



Chapter 5 compares and discusses the proposed energy and economic efficiency
which was dealt in the investigation of theilding envelope together with

conclusiongelatedto the resultgathered.



CHAPTER 2

LITERATURE SURVEY

The literature survewf this thesismentions the topics of energy conservation and
consumption, with additional information regarding global warming thedyoto
Protocol and its importance in reducing CO2 pollution in the world. Energy
conservation important statistics from tbther parts of thevorld and Turkey are

also mentioned followed by information regarding passive design principles,
orientation, ventilation and thermal comfofthent he bui | di ng envel o
and transparent components such as windows and wall components with their
influential characteristics such the thermal transno#taare mentioned. Glazing
types window frames, masonry walls including AAC, heavyweight concrete blocks
and lightweight concrete blocks details are given. Finalhjormation about
insulation, thermlasimulation life cycle cost analysisind initial investmenand
operation costs are added.

2.1 Energy Conservationand Consumption

Those factors affecting the penfioance of buildings are shown 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
ventilationas well as fulfilling the occupad#t 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 alsoignificant. Besides all these factors, the climate plays a major role

in influencing the total yearly energy calculatioof buildings and in this thesis

dwellings are given the main importan(ersson, 2006).



There are many different types w#sidential buildings. The main typare listed

namely as detached and saeiached houses, terraced houses as well as apartment
block houses. Inemperatecold climates, such as Ankara, heating requirements

are more than cooling requirements in resithl 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 is a necessity to make them comfortable

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

heating system, the ventil at i nigsulasonst e m,

walls and windowgPersson, 2006).

Surroundings Electrical Appliances Heating System
Windows ] Ventilation
Climate - Lighting
Users Design
Orientation pa—r Cooling
Shading Devices Opaque Building Envelope Domestic Hot Water

Figurel Different factors influencing building®érsson, 2006).

In terms of energy, designing a building efficiently at the start could be beneficial
along its life span. For exampléhe usage of suitable thermal insulation saves
reasonable amounts of energy in addition to the avoidanteeohal 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 sistesol, 2006).
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Applying prope window glazing systems to buildings, interior thermal comfort
could be achievedy reducing energy consumptioMoreover, nuch energy is
necessary to maintain comfortable indoor tempeeat¢©mer, 2008); (Jindal at.,
2013).

Energy conservation depends on several parameters ndouaiffon on earth,
orientation of the bldling, building shape, thermphysical 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 harmalation
arrangemendl. (B®IX);zI|lu@ilddatag 20t3¢ o

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

rise, both wll lead b the construction of new power plants to satisfy their energy
needs. A rising fact is the need of designing more sustainable arideacty
houses and buildings. Therefore, starting immediately from today the need to reduce
energy consumption is importanot only for future house designs but also for the

retrofitting of existing ones (Atikol &tl., 2008).

2.1.1Global Warming

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

that releases CO2, C, CFCs, halons, N20, ozone and peroxyacetylnitrate to the
atmosphere, in an increasing manner. As a result, these gases, lead to the trapping of
heatradaed from the earthoés surface, t hus i
example the earthodés surface temperature
period of the last hundred years with the result of an increase of 20 cm to the sea
levels. Theselmanges have negative influences such as the release of CO2 that result

to 50% of the greenhouse effect (Dincer &d s e n , 1999); o(mikd ;e r ,
and Y¢ksel, 2004). Figure2 shows the increasing of CO2 concentration since
industrial revolution (Sagt a m, 2 0 W@ k| é&cksal,rk@d4).Y



In addition to the abovehe 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.

= 360
= 340-
£ 3904
5 e
230 | —"
= 280 . . .
1900 1925 1950 1975 2000
Year

Figure2 Yearly CO2 quantities in the atmosphésaydam, 2000).

2.12 Kyoto Protocol

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

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 poduction is consumed from renewable energy resources by the year 2020 as
compared to the values agreed ugom 1990 (Cali s,luaad09) ;

Telatar, 2013).

In buildings the conserving of energy is very important in improvihgrtthermal
perfomance. Based on the agreements decided after the Kyototocol,

governments around the world acted consetly and tried to reduce grdeyuse gas
10
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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, consumptiorhas increased significantly relative to production. For
exampl e, in the USA which amounts to 5%
approximately 80,000 kWh in energy per person per year, while in the UK citizens
spend around 45,800 kWh in energy perspa per year. When comparing these
values to Europe, an amount of 36,400 kWh per person per year is registered
(Wiggi ngton and H&aar iasn,d 2Y0aO A )€unkey( ifNda@sl 1 ) .
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 sigmnifiggnenomenosuch as global
warming, environmental pollutions as well dbe ever increasing energy costs
(Turkish Republic Ministry of Foreigiirade Counselorship2 0 0 9 ) ka (amda -
Yal - én, 2011) .

The population of Turkey is estimated to surpass 100 million by 2B2D I( &t t ¢

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 sasfy its needs is imported(o | €,t2008).

Table 1Distribution of the expected energgagewithin the different fieldsagainst
the years in % (WEQNC, 1995); B o | &,t2008).

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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Figure3 Rates of energy use per sector in Turkeyp(20) ( Sour ce: T, BKTAK,
(Y ez)2608) (MTOE =Ton of oil equivalen}.

Energy is consumed by four majdields namely agriculture, transportation,
residentialand industrial Table 1 above,idure 3 above andigure 4 below shows
the dvision of the energyusage within the different fields for the peritsdm 1995

to 2010in percentageBNVEC-TNC, 1995); B o | €,t2008). Fromtablel above it
could be concluded th&itom all the sectorsthe industrial field consumes the most

energy followed by the residential sector

Figure 4 Estimated rates of energy use per sector in TurkeyOR@Source:
T, BKTAK, 2 2,2@8) (MTOQEY=d dnadf®il equivalen}.
12



From all thesectoramentioned in table 1, figure 3 and figurerdsidential buildings
consume a lot of energy in most ctrigs. In Tukey, nearly 2530% of theenergy
expenditureis consumedn the residential building sectdr B ¢kglgca and Bulut,

2004). Therefore, energy efficient building design should be considered. In Turkey,
space heatingccounts for approximately twice the energped for water heating,
freezingfood refrigeration and cooking within residentgithin buildings in Turkey

almost 82% of the energy is used for heating. In a typical building the energy losses
are divided adollows: 40% through external walls, 30% through windows, 17%
through doors, 7% through the roof, and 6% through fl¢drs € c € and Kar a
2010).Thereforethe usage of thenal insulation within built structures saves energy

as well as reduces unwantpdllutants released by burning fossil fu¢lsKk ay na k| é
2008).

In many countriesthe energy used fdmeating ineriors consun®the most of the
energy expenditure. For examplgpace heating accounts fd0% of the entire
energyused inhouses asould be seen in tabletielow ( éngel, 1998);B o | &t t ¢
2006).

Table 2Energy usage division witim buildingsin percentage (%] @éngel, 1998);
(B o | &t2008).

Space | Water | Air condition | Lighting Cooling | Other

heating | heating | ventilation illumination | freezing
Houses 40 17 7 I 12 17
Commercial| 32 5 22 25 - 16

Fromtable 2above it is concluded that the need for effective thermal protection is
very important in decreasing energy consumption that is teskdat interiorsn the
residential sectorAs mentioned earliethe 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 buildingsB( o | &,t2008).

13



2.2 Passive Design Principles

The fundamentabbjective 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 ahe local climatic conditions should be understood

whether temperate, hot oold, dry or humid. Since in this study the conceroiéy

is Ankara (Turkey) which displays temperateclimate, the architectural design

should be compact so that as little heat energy as possible is lost to the exterior.
Moreover, the south facing fa-ade should ut.i
since Ankara has @&old dominated climate which mearthat 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

summeythen mechanical cooling could be a possible option.

As mertioned earlierin Turkey 80% of the energis used to provide interior

comfort( Kav ak, 2 06 alRq08).(Tsehigh pereentage of energy usage is

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

design awareneghat reduce energy consumption that otherwise cause the release of

pollutants due to the usage of highmount s of fossil fuels (Bekt a
( B e ket & R008). As a necessiti is therefore required that energy consumption

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

consumes. Even though Turkey pesses much solar energgimost no buildings

use this passive solar technique to its advantdgell ma- and Kesen, 2003) ;
et. al 2008).

In order toachieve interior comfort and to conserve energy, proper design of the
building envelope is a major factoPassive heating conditions of the building
envelope influenced by the opaque components, for example walls, and transparent
components namely wind@nnvolves heat flow that changes indoor air and interior

surface temperatures (Oral, 2000).

14



A passive design is one in which the thermal energy flow sdgunatural means. In
other words, no external energy is needed for it to funchigmart of passive design

is to minimize heat loss by using multigieazed windowsand energy efficient
insulation in theexterior and interiorof walls, floors, roof and foundation. The
advantage of passive design over fuel using conventional design is that it is
nonpolluting, nordepleting 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
passivedesign. In such a constructianis 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 condions 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 ail and window systerOgle and John, 1995).

In addition, when designing buildingghe 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 analysisthe best choice of interimomfort 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
etal., 1986).

Especially in cold chhates the design uses the sun energy to achieve thermal
comfort in winter. Most people prefer an
30AC and a range of relative humidity b
movements, uncontrolled cold or hottanor 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 ndtumathods. If not providedmechanical
meansfor heating and cooling in winter and sumnsfrould beimplemented, that

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

Al arge window gl azing i n t he sout hern f a-
interception of maximum solar radiation in winter while during summer this sun

radiation may be reduced by means of curtaivisdow location and size is the main

factor that influenceshe energy consumptiomf 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 gam &un radiation is more than
heat | oss in winter, for exeaansptleer nonf at- haed es cawnt

southerrvwe st ern fa-ade (Mazria, 1979).

Wind flow around any building depends on dsentation, 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 suataaslevers on the

fa-ade.

Thermal mass with its potential of avoiding or reducing interior overheating has
received more attention lately. In the pat$tis potential of thermal mass was
minimally considered when used in passive solar design which weitks the

buil dingdbs orientation, glazing type and si z

Thermal mass is an important factor in passive design. The characteristic of thermal
mass allows dwellings constructed with concrete and masonry blocks theise t

passive solar qualities year round. During summer thermal mass construcgign hel
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in absorbing and storing heat existidgring the day, thus lowering the interior
temperatures and reducing interior overheating during the day. This stored heat may
beremoved by natural or mechanical ventilation during the night. On the other hand,
during the winter the thermal mass absorbs the solargytransmitted through the

wallsi n the south fa-ade, and then slowly r
thusmaintaining 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.

2.2.1Orientation

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 resyit 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 ardimatically 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 biingfang in 2002 the besbrientation for both winter and
summer is the soudhn one, since winter solar heat gain and summer solar heat
control could be achieved. In his studiie solar control in summer for different
geometrical shapesasinvestigated and the best shape thadpces the optimum

solar controwasa rectangular shag#ingfang, 2002){Aksoy and Inalli, 2006).

A study by Lin in 1981lindicated that the energy consumption within building is
dependent on the building shape. He found that in cold climates tlee thegarea 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 prdvigeoptimum

energy expendituria cold climateqLin, 1981);(Aksoy and Inalli,2006).
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Since the sun rises in the edbke flat spaces under study benefit from the morning
sun in winteras shown in figure 5 belawin this eastern sidehe morning and
afternoon sun heat pa&ssthrough 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).

or
0=
) .

Figure5 Orientation(http://www.ecowho.comLast Accesse@4 / 01 / 2014)

The western facing architectur al spaces onl
penetrates the westerwindows, doors and envelope. Thusuitable comfort

temperatures in the air tight flat is maimted during the winter montad if this

comfort is not achievedinteriors could be heated by mechanical means
(Kachadorian, 1997).

In the northern sidewhere the least sun penetrat@ mechanical heating system
should be turned on during the winter and the windows should be used for light
allowance. During the summehe windows of thenorthernfacing flatand interior
doors areopened for the sake of naéiventilation and cooling to achieve interior
spaces comfort (Kachadorian, 1997).
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2.2.2Ventilation

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 thepressure distribution acts as the ventilation driving force, the

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

forgetting other factordRousseau ankllathews 1996).

The factors that cause air flow within the interiors taeewind 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 buildwmigh regard to the wind
direction as well as the surrounding environm&uysseau anllathews 1996).

2.2.3Thermal Comfort

Interior environment thermal comfort is the most important factor for occupants. To
achieve this much artificial energy for heafithe 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 std@ral and ¥¥maz 2003).

The shape of theuilding as well as the thermal transmittarmreoverall heat transfer
coefficient (U-value) of the building envelopaffect the loss of heat throughta
achieve interior thermal comfort and heating energy conservation (Oraf Bndz,
2002).

Provision for suitable interior temperatures and dwellers comfort should be

consideredThermal comfort is achieved when the state of mind of the occupants is

sdisfied within the thermal dwelledozne ( ASHRAE, 19 8nay, ; ( Or
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2002). In cold climatesf 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 becena 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 releassthll be
discussed laterin April 1998 ( TS 825, 1 9 9 8lmaz, 02D rThid and
regulation recommendeithat architects construct buildings that maintain an upper

limit of yearly heat loss. Even though this new regulati@s a significant step to
conserve energy, it is still insufficiemt affecting design parameters to achieve

thermal comfort and tal heating energy conservatibnOr a | Imaz) 2002) é

Climate comfort in interiors is the most important biological requirement for its
occupants and must be maintained in order for thesus e healthy and productive
( Maniuvojand Yél maz, 2006) .

An interior could be described as a passive sysfeoornfort could be achieved
without the usage of mechanical means. However, for climates where there is
changeable diurnalimate additional mechanical heating would be necessary for the
winter months of the year since designed passive systems would not be enough to
heatthe interios ( Yn&az, 1990); (Energy in architecture, 1994)Ma nlu angl

YéIl maz, n 20D & ))ase where mechanical heating system becomes
necessarythe energy load consumed would be related to the thermal behavior of
nonmechanical passive heating system represented blguittding envelopeThe
building envelope, which is the major parameter of this padseating 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 Isot the extra
energy released by additional mechanical syg@&eamet, 1995); (ASHRAE, 1981

( Maniuojand Yél maz, 2006) .
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Changeable diurnal climates cause intermittent heating system operation, leading to
different amounts of interior energy stored aakkased by the building envelope and

the different thermal behavior within the buildifige c hner 1 919 dangl ; ( Ma
Yéel maz, 2006)

Thus, the quantity of additional energy is dependent on the thanysical
characteristics of the building envelopevea| 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 aimum cost value from among the
different optionsan economi@nalysis should be done and the most energy efficient

and economical alternative should be sele¢tdda niuvojand Yeél maz, 200

It is an important function for buildings to provide thermal ansual comfort
(Hunn, 1996); (Jaber and Ajib, 201Ihe main aim of the designer is d@sign
buildings that would achieve interior thermal comfort throughout the entire period of
the year(Goulding et.al., 1992)Jaber and Ajib, 2011 Moreover, windavs play a
major role in achieving both psychological and environmental needs. Suitable
window glazing could produce low heating and cooling energy oytihwis being an
important source that caugsychological benefitsMenzies and Wherrett, 2005);
(Jaber and Ajib, 2011).

Internationdly, the aspect of interior thermabmfort is standardized according to
energy balance (static model§r example theASHRAE standard. According to
this standard the temperature range within which comfort is achieastetween

20 and 2A CFigure 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 asdefining reference of the
therma comfort zone worldwidéHays et.al, 1996 (ASHRAE Handbook, 1997).
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Figure6 ASHRAE comfort zone (ASHRAE Handbook, 1997)

2.2.4 The Building Envelope

As mentioned earlierhere are several environmental fastwithin interiors that
determine thermal comfort namely temperature, air flow, lighting, noise and
humidity. In addition, he presence of the building enveto to keep the interior
environment within acceptable limits (Hutcheon and Handegord, 19B®jar(l
et.al, 1995). As a protective barrjethe building envelope may achieve thermal
comfort by meansof energy efficiency, cost, durability, and other performance
criteria (Gowri, 1990). According to Hutcheon, 1963namber of necessities
required to bdulfilled by the building envelope are proper heat flow, proper air flow

and proper sunlight and radiation as well as being econamical

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

envelope elements such as roofs anddow openings. To obtain energy efficient
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performance and qualitghe above mentioned necessities have to be treated and
designedholistically during theearly stagesSince 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 controénergyloss during winteas well ageduceenergygain 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 buildingsenergy loss and gain through thexterior

envelopeare themost important energy occurrenc¢&sigger and Chris, 2009)

The more the temperature differences between the interiors and exteriors, the more is
the expectancy fra the building envelopén achievingthe necessary degreef
comfort. Thus the need to select the propeilding envelopecomponentsis
required To achieve thisthe following should bencluded:

1) Insulation to controls heat flow,

2) Glazings thatpermit light and viewbut at the same timalso control heat

flow between thexteriorand the interiqr

According to a study by Balcomb in 19748e suitable glazing area used in south
facing walls as well as proper thermal insulation appledhe wall and roof
componentsvere 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 durirg the day time as well as the nighhé¢ (Balcomb, 1978); (Jindal ei.,

2013)

23



A number of studies byeseral authors Persson et. al. in 2006, Nielsen et. al. in
2000, and Sujoy et. al., in 2009 have investigated extensively the energy
performance ofglazings and windows while considering various parameters like
window size, the thermal transmittance -yBlue) and total solar energy
transmittance (yalue) etc. of th building envelope (Perssonadt 2006); (Nielsen

et. al., 200] (Sujoy et al., 2009 (Jindal efal., 2013)

Several studiesb§y o ma k|l € and Y grarsetdl ini2007 ehdMaBlia etk i K

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

surface of walls and roof for engrgaving( ¢ makhéd Y kselman& 00 3) ; ( ki
al., 2007); (Mahlia et al., 2007); (Jindalatt, 2013).

Since much of the worl dos energy i s used
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 introducedAs mentioned earlieran important part of the
achievement of building energy efficiency is thermal insulation. In addition to old
insulation materils, new thermal insulation materials with lew thermal
conductivitiesand increasing thicknesses that could be irstaNithin the building
envelopeare increasingly being create@n the other handhicker walls are not
recommendd since they are econanically costly, wasting useful interior area,
increasing transportquantities requiring architecturalregulations and other
disadvantageouarchitectural limitationscausing unnecessary wastematerias as

well ascausing change in already followednstuction techniques (Jelle, 2011).

The eonomy of the building envelopea term of costmay be divided into three

ways during the different periods thie design and construction. They include

1) The initial capital investment construction costs fa tlesignmanufacturing

andconstruction stage
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2) Theusage costs including the annual energy expenditure costs

3) The maintenance costs which include cleaning, repairing ofwimelow
glazingand 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. Gutdo
temperature changes depamgpon the seson, the climate and the time of day. If the
building envelope is not air tighteat is lost in winter and gained in summer.
Heating and cooling systems create combyr adding or subtracting he@dirst et
al.,1986).

The building envelope leaks a&tges, corners, openings and joints between the
building materials. In additigrthermal energy leaks also occur through insulation,
mechanical and electrical components which form the main defects of the building
envelope. Heat flows through the buildingnvelope by two means namely
transmission and air leakage. Both occur through floors, exterior walls, windows and
exterior doorgHirst et al.,1986)

When compared to other buildirgnvelopecomponentswindows have a major
impact on comfort due to thdmw resistance and high solar transmittancmpared
to other building envelope componenBy means of radiation windows cause

sensitive human bodies and interiorh&atduring the wintein cold climates

On the other handduring winter cold air iscollected in the interior of the cold
window glazing leading this air to move downwards resulting to cool convective
currents. Furtherair leakage adds to the energy problem losses or gains of the
windows. In summer heat through windows kehe interios leading to increase of

interior temperatures and thus causing discomfort (itrat.,1986).
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The rate of heat flow or thermal conductivity of a material dependhe materials
molecules to send and receive heat. Glass is a good conductor of bektidn

materialssuch as air or gases (argonijth tiny air gapsare pooteat conductors.

Not all materials absorb thermal radiation. They may reflect or transmit it. This
ability of reflectance and transmittance depend on the composition of tleesurf
Glass allows visible solar radiation while absorbing thermal (infrared long
wavelength radiation}hat it interceptswhen special provisions such as lew

coatings are applie@Mazria, 1979).

The building envelopeshould be designed to provide for sevem@aracteristics
namely environmental, technological, socigdtural, functional and aesthetical as
shown in the figure7 below. When considering the environmental factors namely
heat, light, and sound the thermal, visaad 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 acoustl parameter the concern is to maintain a
quieter interior (Oral et. al., 2004).

Building

Technology ™ ENVIRONMENT [ Envelope

Figure 7Factors that influence the building envela®sign(Oral et. al., 2004).
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Part of thephysial environmental characteristig thermal transmittance which may

be definedas theheat flowover a period of timéhrough 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 resistancesatif the components of the material
concerned as well as the interior and exterior air film resistances. Thermal
transmittancas also known as the overdlleat Transfer Coefficient, Malue with

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

Specific leat is thequantity stating the amount of haag energy needed tadd to

the temperature of a certain mass of any substancekbgven amount. The lower
the specific heat of a materisthe faster it heats up and the faster it cools down. On
the other handhe higher the specific heat of a materibke slower it heats up and
the slower it cools down. Inold climates, materials with high specific heat values
are better because durirftetday 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 (Haitstl,1986).

The true density may be defined as the ratio of a mmhssmaterial 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 temperatursutifstance

(with a few exceptions) decreases its density by increasing its volume. The lower the
density of a construction materighe lower is its thermal conductivity because of
higher distance between molecules that transfer the energy, thus thealmateri
characterized as an insulation material. Thibe good insulation materialamely
Expanded polystyrene (EPS) has a low density (Lowell, 1991).

Thermal mass is used because of its importance in Wwoiter 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 thewall system with thermal mass characteristic leading to a time lag or heat
2/



transfer delay untilate hours of the day or niglas shown in figure ®elow (Hall,
2010).

For example, &éavyweight concrete masonry block, with its higher density and
higher hea 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 compartalight weight concrete. Excess heat may be removed
by means of either natural or mechanical ventilation (ASHRAE 90.1.American
Society of Heating, Refrigerating and Abdonditioning Engineers, Inc., 2004 &
2007).

STABILISING EFFECT OF THERMAL MASS ON
INTERNAL TEMPERATURE

| Peak temperature
delayed by up
| to six hours

Up to 6 - B°C difference
between peak external
and internal temperatures

Internal Temperatures
with High Thermal Mass

Temperature

15°C External Temperatures

Day Night Day

Figure 8Thermal MassHttp://www.britishprecast.orbast Accessed 26 / 04 / 2014)

The denser the material, the less air is trapped and thus the higher is its thassal
As such concrete has a high thermal mass when compared to Autoclaved Aerated
Concrete (AAC) which has moderate to low thermabkmand a low insulation value

as shown in table 3 belo{Baggs and MortenseB006)
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Table 3Thermal mass for various matds Baggs and MortenseB006)

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 especiallynimer. 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 niglyt Imeathe usage of
ceiling fans.The implementation ofeiling fansis usefulin adding to the interior air
circulation and also increasinige convetive heat transfer coefficient which helps in
the reduction of the heat collected byassive walls at night (Baer, 1983); (Balaras,
1996).Another function othe building envelopé cold climates is to maintain high

thermal transmittance at nigamdlow thermal transmittance during the day

Together both ventilation and thermal mass act as a passive cooling system that may
be dilized 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 andfinally to cool the thermal mass of the buildifigp Roche and Milne,
2004)(Zhou etal., 2008). The last function of ventilation works by the heat storage
of interior and ex thetddratiama nda sist &dsu rrihemlge a shee
day (Yam and Zheng, 2003);Zhou etal., 2008). Moreover, natural ventilation is a
good method to remove interior air pollutants and providaceptable indoor air
guality. As a result collectively ventilation and thermal mass could lower capital,
operational, ath maintenance costs, obtain a sustainable building and improve the
indoor air qualityZhou etal., 2008).
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The optical and thermphysical characteristics of the building envelope also affect
the passive heating function of its elements namely the opégabs) and

transparenfwindows)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 componentsgdan

3) Reflectivity which is the ability of the hiding envelope to reflect
heat.

The thermephysical 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 thermphysical properties (Overall heat transfer coefficient or thermal
transmittance)dr the local climate. Under these passive heating design conditions of
the opaque and transparent components of the building envelopeyrimierand
surface temperatures change with ¢hangeof heat flow. Thechangeof heat flow is
therefore the funain of the thermephysical 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 thernphysical characteristics affect the heating load within the
immediate space. Moreover, when the mechanical heating or cooling semain
switched off, hourly change in interior air temperature becamasiveto the solar
energygain through thevindow. In addtion, the surface temperature of thkazing

which has different qualities when comparedhe other building envelope surfaces

has a major influence on the interior thermal comfort. Therefore, the optical and the
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thermophysical characteristics of diffent windows have a major influence on the
interior thermal comfort as well as the supplementaggimanical heating or cooling
( Yneaz, 1987); (Oral, 2000).

At the section of the exterior wall of the building envelope different temperature
profiles occurduring any instant of a-day period. These temperature profiles
depend on the interior temperature, the exterior temperature and the-fitgrsmal
properties of the wall. During the-day period the outside temperature changes
periodically causing newiffierent 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 inditege¢emperature
values while the wavetngth of the heat wave indicatehe 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.ubng the transmission of the heat wave through the
wall, its amplitude decreases according to the thgvhysical characteristics of the

wall materials. This amplitude continues to have a lower value as it passes through
the wall when compared to its valun the exterior surface. The time the heat wave
takes to cross through from the exterior surface to the interior surface is called the
Atime | agod while the decreasing ratio in
i s call ed t h e (Duffinel®84eTime ftat) and decrdment 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 ancakiththermephysical propertie§Asan, 2000) The

heat storage in wall structures may be explained by two characteristics namely time
lag and decrement factor.

fiTemperature profiles on the wall exposed to periedlar radiation and
varyingoutdoor air temperata are assumed to be propagated as
sinusoidal wavesWhen a sinusoidal temperature is propagated through
the wall from outdoor surface to indosurface, its amplitude
gradually decreases ammannethat depends on the therrpbysical
properties of the wall materials¥¢z e | an@ooBReht el e
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In buildings the effect of thermal mass must be considered when located in the four

di fferent fa-ades to achieve the desirable t
For examplein cold climatest is important to mention that both tiNorth and B&st

orientationscould perform without the need for time lag since immediate heat energy

IS required to be transmitted to thearior. However, for both the South ande$Y

fa-ades a time | ag of ei ght hour s IS enou
transmission from miday until the late evening housemething which is beneficial

in summer

In recently conducted studies by the autAsanin 200Q the effects ofthewa | | 0 s
thermophysical properties, insulatioposition and thicknes®n time lag and

decrement factowere investigated Asan, 2000)

It was shown that thermphysical propertiesthickness and position of wall
materials have a very profound effect oe time lag and decrement factdihese
studies were parametric in nature and most of the results came out from these work
werepractical. (Asan and Sancaktar, 139&san, 1998 (Asan, 2000)

On the other hanahermal mass and thermal insulatidngether,are significant
because they influence the total thermal performance of a building (Hopkins et.al.,
1979); (Balaras, 1996).

2.2.4.1Windows (Openings)

Since wndows are important parts of the building envelope which have significant
effect on theenergyperformancethey have to be chosen with cgtérbikain and
Sala, 2009)Within building envelopesghe windows are the main source of thermal
losses to the exterior. In cold climates amount of 10% to 25% of the heat loss is

transmittedhrough window to the exterior (Ismail, 2003).
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Wi ndows being an i mportant component of
solar radiation and thus cause thermal losses. The improvement in window
technology has helped in reducing heat losses from interiors in toldtes.

(Persson, 2006).

Windows are available with greafriety. To choose a specific window for an
application many factors have to be considerdtes€é factors may be seen in the
figure 9below. Windows allow light and exterior views, block heat radiation, resist
fire and could affect the aesthetics of
on energ)efficiencyas part of the building envelope is considered inttiesis This

does not rean that the other factors are not import&et{son, 2006).

Daylight Thermal Losses Visual Contact
Frame ) Sound
Low-e Glass
Fresh Air T Architecture
Safety : : Cooling
Shading Devices Solar Gains Solar Control

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

In cold climateswindow technology may cause them to function in two main ways
namely by the application of low emissivity (lesy coated glazing that save energy
by reducing thermal losses and the application of solar control glazing that prevents
solar heat gain into # 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 drreflect aother part. This gives windowaings an
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important property since solar radiation consist of not only visual light but also heat

radiation in the form of longvave infrared radiatiorPersson, 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 characteriBiéess¢n, 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 windosvnot 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 wilbulated wall Persson, 2006).

In Turkey, the usage of large window glazing aneaseased 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 onetiergy losses through the
window. Therefore, the optimum thickness should be useldinvihe double pane

wi ndo wn,2080y.d &

According to TS 825 which is the Turkish standard for the minimw¥Jalue
(thermal transmittance) the transparent part ef thilding 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 wehbeat is lost in winter, glazing is

also concerned with significasblar energy gains in summ@ianz, 2003).

Much research has been studied regarding glazing technology. The research

focused on reducing the heat transmission through glazindgsctease the need for
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heatandto achieve thermal comfort within interiors in cold climates. Topics such as
low emissivity coatings, gas fillings, spacers, evacuated cawgesconsidered in

the following investigations byManz, 2008); (Braeuer, 1999)Collins and Snko,
1998); (Weinlaedeet al., 2005); (Ng and Collins, 2005); (Eames, 2008); (Manz,
2003);

Nielson et alin 200 showed an easyway to find the totalenergy gais of glazing

and compare the energy performances of diffietgpes of glazing and windows.
Khaledin 1998investigated the ways abntrolling the sizes ovindows to achieve
passive heating, cooling, antfluminationi n h o't arid regions.
presented a methodology for building forattor that prowdes minimumossof heat

that is transmitted through the building exteioOr al and Yél maz, 200

A number of investigations ka been undertaken that helped builders in choosing
the best window options in buildings. An investigatlpnApte et al. in 2003ound
that when windows with love were applied in many US climatasound forty

percentage of energy could be ugagdte et al., 2003)

Pyeongcharet.al in their investigationn 2012 simulated several window options
within residential buildings in two cities namely Inchon and Ulsan is South Korea.
They investigated the windete-wall ratios, Uvalue and SHGC values of several
window options and compared their impact on heating, cooling and total energy
usage in the two cibk 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 integpesifically for the
temperate weatheof Inchan. 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 standardbere is provision for Walue but non for
SGHC. Moreover, it was obvious that a betemergy performance was obtained
when double glazing with lov@ coating was used in residential buildings when

contrastedto plain double glazing. A lifecycle cost analysis of a number of windows
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concluded that double clear glazed windows with-ewanda cavity filled with

argon gaswere economicalfor dwellings in South Korea and were therefore
recommended to be used for the standard code. In the otherdtgdimg windows

with low-e that produced higher energy savings and carbon reductions however were
noteconomicafor usage irdwellingsin SouthKorea.

According toArastehet al. in 2006andFreireet al. in 2011, the window percentage
for suitable enegyy composition for heating and cooling according to HVAC
standards in theS were twenty four percent for dwellings and thirty two eetdor
commercial buildingsArastehet al.,2006); (Freireetal., 2011).

Moreover according to Florides edl. 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 dogldeed window with lowe when
contrasted to a cleajlazal window(Florides et al.2002; (Freireetal., 2011).

Works in the last few years by, e.dskar et al. in 2001, Omar and AlIRagomin
2002,Bahajetal. in 2008 Loutzenhiseet al. in 2008 Poirazis and Blomsterberg in
2008, Perez ad Capeluto in 2009Rapaefthimiouet al. in 2009, Tanakaet al. in
2009, Urbikain and Sala in 2009 akceireet al. in 2011, increase the knowledge

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

There have been severgherstudies on the energy efficiency and cost asialpf

different windows unitsKarlsson 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 lyometeorologial 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 window
using only the balance temperature as an initi@ui, the model implemented

compared different advanced windows in different buildings, orientations and

geographical locations. One example, held in a typical$wddish climate was the
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evaluation of the energy balance and cost efficiency of a numbevinafow
combinations within a buildingKarlsson et aJ 2001);( M&a and Yal - én, 2

¢ e t iamedzka¥ in their study in 208 investigated an energy and economic
efficiency procedure for different singtgazed and doubiglazed building envelope
configurations of a 30 floored office block in Istanbul. By following a number of
steps such as some aims / limitations, a procepsrédrmance criteria and optional
alternative solutions, a building model including thernmgatical properties, heat
gains/losses, total energy loads and life cycle costs measured by using a software
simulation, and finally concluding with a comparisoneoiergy efficiencies and an
exploration of efficient optional alternatives. From their restiisy found that when
comparing the most efficient doublel azed f a- ade t oicienthat o f
singleg| az ed fadvantageevastfontae doulazedoption by a percentage

of about 22.845. They also found that the most cost effective sitegted option

was about 24.68% more efficient than that of the most costtafé doubleglazed
opton(¢ et iamelr ¥zk alhMa&20®#rmd ; Yal -én, 2011) .

In 2008 Ma - ka devel dépeegy 1.0 dofevaréMo measure the thermal
performance effects and energy loads on different window options. The study
involved the investigation of eight widow options of singbne glass installed in
different doubleglazedand tripleglazed units, all experimented in diffateTurkish
climatic regionf Ma - k a ,( M&0a0 8a)n;d Yal -én, 2011) .

In 2009 Urbikain et al. in their study suggested three ways in calculating the heating
loads and energy savings obtained by thengsif different window options of a
residential building. The first method investigated the measwiirlge energy loss
of the windows considering only the climatic conditions. The second method
involved the influence of the windows on the energy from lleating system by
considering the climatic conditions and building type. The third and final method
was the usage of software namely TRNSYS16 and WINDOWSS5 to obtain energy

simulation results. These three energy oriented methods were applied to ten window
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types with different orientations and winddwswall 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 spesiattive glazing
(Urbikain et al, 2009);( Macka and Yal - én, 2011) .

The introduction of doublpaned windows to glazing to buildings is one way in

reducing heat eses from interiors (Korpelet al., 19); (Wright, 1996) (Karabay

and Aréce, 2012). The st agnarmpanedwindow!l ayer f il
prevents heat flow into the interiors. Increasing this air cavity beyond a certain limit

provides a negative effect by initiatimgnvective currents and thus increasing heat

transfer Ay d én, (¢2ngd) 0)2;00 3) ; (Karabay and Areécé, 2
able to increase the air cavity trigganed and quadrupfgned windows have been

introduced recentlyRobinson and Littler, 138); (Roos and Karlsson, 1994); (Manz

et. al., 2006); (Fang et. al., 2010); (Manz, 2008k ar abay and Ar écé, 2012
energy savings may be achieved with the replacement of this stagnant air layer by

inert gasses such as argon, krypton or xeRaily et. al., 1990);\(Veir and Muneer,

1998)( Kar abay and Ar éc &keim té8.12002) (Jensenletyal., aer og el
2004); (Schultz eal., 2005)( Kar abay and Arece, 2012).

According to a studyn 1999, Larrson et al. investigated the combinatidnfew of

these considered window design options and designed a high performance window

glazing This superwindow was tested for efficiencyl'hey found that the windo

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

orientation, and the climatic comidns. (Larrson eal., 1999) ( Kar abay and Ar écé
2012)

Another research by Perrson etial2006studied the effect of the size of windows
in Sweden andher energy performance of properigsulatel buildingswith the
usage of grogressivebuilding simulationsoftware They concluded that thelong-

establishednethods to create lavenergy were replaced by the addition of larger
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north facing windows better lighting could be obtained if trgliezed windows vere
used (Perrson edl., 2006)( Kar abay and Arécé, 2012)

According to a researdh 2010by Hassouneh et al.the effect of window glazings

in manyof Ammanods residences and how wisey inf
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 efficieimdows were used (Hassounehadt
2010);(Karabay andhr ece, 2012)

According to a study by Sullivan and Selkowitz in 198h investigationwas
undertakerto 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 1988 an investigation involving doubland

triple glazed wndows which accommodates two aritiree panes of glass
respectivelywith an air or inert gas layers between theénes was undertaken
These double or triple glazed windows provide more themasistance when
compared to single pane windows. The reason for this is that the air or inert gas layer
prevenedthe heat flow towards the interior, whilee single pane windows ditle

to hinder the heat flow exchanffRousseau, 1988); (Jaber andbAR011).

As mentioned earlierglazing (windows) add to theigh energy losses from the
interiors For this reasorthere is a high demand from the energy designer (architect
or HVAC engneer) to design the residerascording to the local outside climatic
environmentso as to keep both the interior spaces suitable for living and the
occupants comfortable. To achieve this comfaihdows which are double glazed
and triple glazed are first tested before being recometkeiior installation in the
residential building.
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Also huilding designers knowhat windows like triple glazingnot only have the
property of being highly insulating but also lkdew solartransmittanceThis fact is
important in summer were the wind@aNows for reduced solar gains into the interior
and reduce energy loads for cooling. Howeverwinter such reduction in solar
gains into the interior overcomes tbecreasef thermal losses and thus increases

the need for energy in the form of heat{@psparella, 2011).

Table 4Heat conductivities (k) of gases used in double and triple windéetsner
and¥ z k,2004)

Gases k value (W/mx K)
Air 0.02730
Argon 0.01772
Krypton 0.00949
Xenon 0.00569

With technology window glazings have improveay theadditions of cavitiegshat

act as thermal buffer zones that resists heat propadgat@imer and¥ z k,&2004);
(Bekta, 2008). Oncédilled with inert gagsmainly argon, kryptomr xenonthathave

lower heat conductities respectivelycompared to aithese cavities together with
panes pasted with |loemittance coatings could perform efficiently. The heat
conductivities of these gases used in double or triple windows are shown in table 4
above (Bektx, 2006); (Bekta 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 mskow energy buildings (Manz
etal., 2006).

Much of the residential buildgs in Turkey have low performance singlazed
windows installed. As a proportion, 87% of the residential buildings in Turkey have
single-glazed windows installed, 9% have doubglazed windows, and an amount of
4% have lowe coatings (MVV Consultants dnEngineers, 2004)In Turkey,
recently, little application of trippaned window habeen seefet alonequadruple

pane& windows which are still to be introducedTtarkey.
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When the window is placed into the wall usually causes a thermal bridge or
temperature exchange through the constructidhnile installing the windowsn the
center of the opening results in the lowest thermal bridge values. On the other hand
locating the window close to the inner side otes side of the opening both result in
high heat lossesB(¢ | -l w b 8011). Window systemsconsistof glass panes,

structural frames, spacers, a®whlant@asshown infigure 10below.

Frame
Material

Spacer
Material

Number
of Panes

Gas Betwean
Panes

: : Glazing
O ———— Emissshvity

Figure 10Typical features of windowsf{tp://www.wbdg.org Last Accessed 18 / 11
/2013)

Overal, the best selection of windowlazing is dependent on the building
orientation, the local climate as well as the building tyfy&en selecting windows
the following characteristics should be considered:

1) U-value (Thermal Trasmittance).

2) Solar Heat Gain Coefficient (SHGC).
3) Visible Transmittance (Tviglass).

4) Tints (Colors).

5) Low Emissivity (Lowe) Coating

6) Air Gap of Double and Tripl&lazing
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As mentioned earlietJ-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. LowalUes of the
building envelope mean a high value of insulation with lower thermal conductivity
(&) making the building envelope advantage:
interior comfort. If there is a low Walue of the building envelopéower heating
energy demand igequired (lan, 20128 ¢, | -bl w b 2011). During winter the higher

the Uvalue of a windowthe more heat is lost from the interior to the extetiothe

cold dominant climate of Ankaydhis loss of heat in winter is not recommended
therefae low U-values become necessawhile in sammer the lower the Walueg

the les®r heat loss occurs to the exterior leading to the need of supporting heat
disposition by means of natural ventilationhe units of Uvalue is the British
thermal unit per hourpeg qu ar e f o ot Af ptBArF ) -Aafudd(mayt rangeh r
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 mulpaned with lowemissivity coatings and insulated frame. It

is important to know thathe U-value is calculated by finding the average of glass,
slash and frameB(¢, | -bl w b 2011).

The lower the Wvalug the lesser heat passes through the building envelope from
interior to exterior and vice versa. Thukis is advantageous for both winter and
summer. In both winter and summéne window option with the lower Walue

provides an envelope with lesser heat gain or heat loss.

Glazing has a good heat conductivity value. When comparing both thinner glazing
the thicker glazig, the thinner glazing transtmimore heat energy and thus an
increased temperature value is collected in the interior. In addibtierthicker the

glazing the lower is the Walue and the better is this glazingtiop for both winter

and summer.
Ontheonehand her e saltule® Wi ch i s defined as th
and ontheotherhanpd her e iwvalwulke wRich is defined as t
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ARRal ueso are commonly wused i n répmdalh Amer

of t-hal OO .

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 blockingnd the lesser is the hegain orloss throughthe
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 ish@at gain or lossf the window. On thether

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 maxiheahgain offoss 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 ugpagsive solar hegtrinciples
(Cacina, 2009)

The lower the solar heat gain coefficient of the windtwe better it is for both
winter and summer. Heréhe more the mduct is blocking solar heahe lessett is

transmittingheatthroughthe window

Tuisglass 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 geletrisn 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 senkgby.

Infrared long wavelength also cannot be seen to the naked eye amounting to 46% of

the sunlight energyhtp://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
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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.orgLast Accessed 18 / 11/ 2013)

Low-emissivity coated glazing (or lo@ coated glazing) is a type ehergyefficient

glassthat prevents heat being transmitted through windows to the cold exterior and

vice versaWhen Lowemissivity or lowe coatings sth as metal oxides are added

to the glass panes during manufacture radiant tnaasmission between the pane

surfacesis reduced. In additigdow-e coat i ngs | ow-wgaluethuse wi ndowc¢

reducing heat transfer from the interior to the exterior and vice versa.

In addition there are two types of low coatings namely hard and soft. Windows
with the hard coatings are used in coupled windovasthay 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 emittancendrotil6%(B ¢ | -Blw bh e
2011).
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Old double glazed windows do not have lewcoatings and are thus not energy
efficient. With the addition of love coatings to the new glazed windows energy
efficiency is increased and energy bills are reduced. Windows aitie lkeep heat
within interior spaces in winter, thus allowing for comfortable occupancy of these
spaces for more periods of the ydasually heat tends to travel from hotter areas to
colder spaces. Thusvindows that do not have lew coatings allow heab be
transmitted through the glazing and towards the colder exterior. On the other hand
windows with lowe coating radiate heat poorly preventing it from being transmitted
to the exterior. Instead, windows with leavcoating reflect retarding heat baoko

the immediate space (Elder, 2000).

The presence of a low 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 intenidhe exterior. While, on the
other hand lowe 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 afonvection. 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 vidite 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. Thiicker the air gapthe moreis the temperature

increase and thusiore heat is transmittedsulting in a hotteinterior.

The heat transmittance through double and triple glazing windowslem@ibed

below:
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1) Double Clear GlazingThis type of window onsists of two glaing panes

with a sandwiched air gaplhe 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
windowsnot only reduces heat transmission but also allows high amounts of

visible light.

Solar
transmittance

Rellected
radiation
Absorbed Inward-flowing
radiation component
of absorbed
Y radiation
< !
- Y o

Figure 2 Energy Distribution for Double Glazing Clear Glass
(http://www.commercialwindows.ord-ast AccessedO / 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 inb 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 pan® the exterior. During this processolar heat is
absorted within both the exterior and interior panes. This absadhneatiwithin both
the panes is released partly to the exterior and partly to the interior.
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2) Low-e Double GlazingThis type of window consists of two panes with an

air or argon gas in between. Withe addition of spectrally selective love,
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.

Low-E Coating Performance
EXTERIOR INTERIOR

e Low-E Coating:
Snlight: \Transmits or reflects

All I h
bl selected wavelengths

Long Wavelength: Short Wavelength:
Infrared radiation Visible light passes
(heat) reflected through glazing

Daytime or In Hot Climates:
Heat gain to structure Long Wavelength:
is reduced Infrared radiation

(heat) reflected

IGU: Nighttime or In Cold Climates:
Multipane glazing m Heat loss from structure
with sealed gap is reduced

Figure 13Energy Distribution for Double Clear Glass with L@icoating
(http://www.clwindowsdoors.com/glazing ast Accessed 10/ 11/ 2013)

Figure-13 above describes the distribution of solar radiation incident at two clear
glass panes with a lo® coating located on thenar surface of theexterior facing

pane of a double glazing window. As the incident solar radiation reaches the outer
glazing, thelong 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 hotclimates heat gain to interior is reduced. On the other, hamg wavelength
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in the form of infrared radiation (heatadiatingfrom the interior through to the
exterior is reflected back to the interior after reaching the pane with the low
coating. Thus duringcold nighttime or in cold climates heat loss from the interior is

reduced.

The UValues and SHGC of two double glazing units one withoutdéowsoating and

the other with lowe coating are shown in table 5 below.

Table5 U-value and SHGC ad double glazing with and without Low coating
(http://www.adelaidecitycouncil.contast Accessed 11/ 11/ 2013)

Glass Type U Value (Wm2 x k) SHGC
Double Clear Glazing 2.70 0.70
Low E Double Glazing 1.90 0.66

1) Triple clear glazingTriple glazing is manufactured using the same principle

as double glazing, but three glass sheets are used. Recently triple glazing
windows is the bettepption for maximum energy transfer between interiors

to exteriors.

Figure ¥ 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 glazingpart of it is reflected back to the exterior while a larger part is
trangnitted through to the first gap. Similarlwhen this transmitted solar radiation
(heat) reaches the middle pane part of it reflected and a larger part is transmitted
through to the second gap. Hetlee reflected heat passes back to the exterior first
through the first gap and then through the exterior facing pane. The transmitted hea
that reaches the second gdpo passes towards the inner pamere a large part of

it is transmitted to the interior space and part is reflected back to the second gap
before being transmitted tbugh the middle pane, first gap and exterior pane. On the
other handinterior heat is transmitted to the exterior in the same way but in the

opposite direction as the heat transmissiomftbe exterior to the terior.
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Figure 14Energydistribution for Triple Clear Glas¢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 lesvcoating 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. Similaflywhen this transmitted solar radiation (heat)
reaches the middle pane part of it reflected back and a larger part is transmitted
through to he second gap. Herthe 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 coatig, 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 paoehe exterior On the other handhe long
wavelengthm the form of infrared heat radiatioadiatingfrom the inside through to

the exterior is reflected back to the inside after reachingngide pane because of

the lowe coating. Thusduring daytime or in hot climates heat gain to interior is
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reduced. Ad during nighttime or in cold climates heat loss from the interior is

reduced.

QUTsIDE glass INSIDE

low iron outer pane short wave radiation

transmitted through the glass

Low-E coating

cavities filled with
inart gas (’
warm edge spacer bars —~__ ‘\ long wave radiation
". . ‘ reflected back into the raom
edge seals

Figure 15Energydistribution for Triple Clear Glass with Low Coating
(http://www.greenspec.co.ukastAccessed 13/ 11/ 2013)

2.2.4.2Window 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 frarmebased on its appearance,
thermal efficiency, ease of maintenance, ease wfcggrcost, availability, shapend

its recyclability. Various types of energy efficient window glazing frames are
available with energy efficient glass and gas inserted twdan 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 strengtirweight ratio, rests

corrosion and easily yields to complex shapes. In addition to its yielding property,
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aluminum does not rot or deform thus lasting the building lifecycle but requiring

periodical maintenance.

In term of pricesaluminum frames have the lowest cost wltwmmpared to other
window frames. Since aluminuns ia good conductoheat 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 twmialm

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 availabdith 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 hougth three or more times the
price of a similar vinyl window. Not only that but they also require constant
maintenancelLow price wooden windows mean long term losses because with time
they tend to crumble. These low quality windows need constant maite 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 c&$eoden frames provide better
insulation than metal and plastic windows. However, they do swell and shrink as the
moisture content changes (Spence, 2000).

Since its cr edinyl lasnbeaenrhe mdstewiddyuged plastic in the

world includng window frames. Being known as polyvinyl chloride (PVC), it

resists both chemicals and corrosion reactions. An extended product unplasticized
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polyvinyl chloride (UPVC), has the same property of PVC with the addition of

offering safety to harmful ultrawlet energy arrival from the sun.

When comparing window framgghe 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 buildid§VC could beeasily 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 fraras could be easily manufacturddus 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 th@laccuracy needed to provide
airtight fits (Spence, 2000).

In addition UPVC frames are very strong thus making them unbreakable amdlasti
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 optin for both winter and summer. UPVC frames only drawback are their
bulky appearance. To solve that modern UPVC fraanegoneddown to give them
smoother appearanck this thesisUPVC frames are selected to frame the glazing

windows under investigation

2.2.4.3Masonry 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 materalsbined
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andset into close positioningith mortar.A type of building envelope is the heavy
construction that is popular in Turke€ommon construction utilizes concrete or

clay masonryblocks for walls.

In order to provide low energy consumption with the lower heat losses through
masonry walls of masoprblocks one option is to have insulationaterial in the

form of asandwich solution with two block layers and thermal insulation in the
middle. In this kind of constructiommineral wool or polystyrene or polyurethane

would be the most suitable insutedimaterial B ¢, | -bl w b 2011).

Concrete masonry units (CMU) not only arest efficient but also increase
productivity by reducing construction time. Their light weight reduces energy spent

i n transportation and i mproves the buil d
into three types according to their weight class namely heavywengldium weight

and light weight They are distinguished by themoundsper cubic foot (pcf).
Heavyweight unitsveigh 125 pcf or moreMedium weight units weigh between 125

pcf and 105 pcflLightweight unitsweighless than 105 pcf. A (0.20 x 0.20 x 0.40 m)

CMU heavyweight units 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 mortas biock size has been
reduced to (0.194 x 0.194 x 0.388 m). To achieve wanted properties of the concrete
block, constant monitoringsi necessary while they are manufactured (Portland
Cement Association,@3); (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 comparedo other concrete blocks used for general purposes, these blocks
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have higher sand percentages and lower gravel atet warcentages resulting in a
very dry and stiff mixture that retain a strong and stable shape once it is removed

from its mold.

Figure B Hollow Concrete BlocksRamachandran, 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 skebsentioned earlier
hollow CMU are fire resistansound resistant and have a high thermal mass (Hoke,
199B).

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

shownin figure 16 above

Lightweight concrete provide more energy savings because their dwae8istance
is twice that oheavy weight concrete and therefore lessrgy is peded to
heat/cool the interiorY(i if et. al, 2011).

In comparison to normal aggregates, light weiglggregates have higher water
absorption rate as well as lower relative density. Furthermore, not only is it light
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weight butit also has good strength, high fire resistance and good heat insulation.
Using lightweight aggregate in concrete hasnumber ofadvantages namely the
reduction of deadoad, reduction in handling and transportation costs as well as

improvedfire resistanceapability(Yi if et. al, 2011).

In building constructionlightweight concrete (LChas been utilizedas masonry
blocks, wal panels, roof decks as well as precast concrete units. The light weight of
the aggregates used in tmeanufactureof lightweight concrete was beneficial

especially for constructions built in seismic zo(leghinet. al., 2012).

In terms of advantages tost efficiency lightweight aggregates with low thermal
conductivity could be used to produce lightweight concrete bl¢akslabri et al.
2005).

Natural or artificial lightweight aggregatese found and provided all around the
world and withtheir 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 floar ( T aup 2000); (De mi m ke §l. 200). Lightweight
aggregate could be produceffom natural materials, bgroducts or unprocessed
materials. Witha large number of voidshat could occur withirin the aggregate,
lightweight aggregate concreteuld hae ahigher thermal insulatingharacteristic
when compared to normhkavyweightconcrete. Therefore, lightweight concrete is
advantageous with its lightness as wellga®d thermal iaulation (AlJabri et al.
2005); kahin etal., 2012)

When applied taouilding constructionsthese concrete blocks may heat or cool,
absorb or radiate hettthe 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 neoa thermal mass effect when compared to
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other wall systems such as wooden or steel construction. Even with similar
thicknesses lightweight concrete blocks stores less heat when compared
heavyweightconcrete blocks. Howevelightweight concrete releaséeat slower,

something which adds to its total thermal performance (Ramachandran, 2013).

Energy efficiency could be achievbgt masonry construction. Masonry wall systems
may use interior insulation, integral insulation, or exterior insulation for mawrimu
design flexibility. Interior insulationames in the form of fibrous batt 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 gall
masonry surface and covered with a weather resistant coating or plaster (Simpsons,
2001).

Lightweightblocks have the advantages of improwextker productivity and morale
leading to fasteconstruction and projects finishing with minimum mason acd¢gden

and injuries.

The data inAPPENDIX-YY shows the image, dimensions, densitgight, block

per cubefire ratings of a number of available hollow concrete masonry units.

2.2.4.4Wall System (Autoclaved Aerated concrete (AAC) Block)

Due to its lightweight, low density, high fire resistance and unique thermal and
breathing properties, Autoclaved Aerated Concrete (AAC) has been one of the most
commonlyused const r uc tdemr nd Entekate2002)a (ArsdolsgnTed K
al, 2005); (Narayanan and Ramamurthy, 2000a). These properties make AAC a
suitable material for eirquaker e si st a n c e demiu ang Brolats 20@2)T a K
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 anfloor deck elements as well as complementary elements such as
lintels (www.akggazbeton.comLast Accessed 05 / 03 / 2014he dimensions and
shapes of the different types of AA&eshown in table elowand fgures 17 and

18 below.

Table 6 Product Dimensions of AAC Masonry Blocksww.akggazbeton.com
Last Accessed 05/ 03/2014)

Type of the Masonry Block Length () | Width (b) (cm) | Thickness (d)
(cm)

Plainrendwall blocks 60 25 (5-35)

Tongue and groove wall blocks 60 25 (157 35)

U-blocks 60 25 (20, 25, 30)

L £ =
2l L;,»‘

Plainend wall blocks | Tongue and groove wal U-blocks
blocks

Figure I7 Aerated Autoclaved Concrete (Arost. al, 1993)
(www.akg-gazbeton.comlLast Accessed 05/ 03/ 2014)
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Figure 18 Aerated Autoclaved Concret@ose-up view (Aroniet. al 1993)
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AAC blocksis made from fine aggregates, cement and an expansion agent that gives
it the property of being blown just like the bread dough when exposed torhaat.

it can be said that AAConsists of 80% air. AAC blocks, shown in figurédnd B,

created by the \8edish architect Johan Axel Erikssbni r st appeared i
(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 amorganic

binder agent such as lime or cement that acts with-fjoon@ng agent which

n t he

decreases the mixturebds unit wei ght . Thi s i

which gives the mixture its mechanical strength (TSE, 1,988 - ek, 2002) .
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 likezA],H202)with

the result greatlyeduceddensity (Narayanan & Ramamurthy, 2000b).

2.2.4 5Plasters and Renders

Mineratbased plasters function as outdoor wddor plasters and either hand or
machine pastedplasters. Plasters and renders fexteriors are weatherproof,
moisture, rain and temperature change resistant. Cdrasatl, limeébased plasters,
synthetic resin and silicate dispersion plasters are the best in usage for outdoor

plastering.

Plastersapplied in interiorsnust be breathable, abrasimsistant an@ppropriate for
decoration or coated layerwall paper and tiles. Inteal plastersmay bemade of
gypsum or gypsudime or limecement or gypsum cement skim, but recently,clay
based plasterare becoming commmo 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/m2 x K when compared to other plasters.

The bette the insulationthe less heajain or loss occurs

2.2.4.6lnsulation

Thermal insulatiormay be defined as a material or a collectddrmaterialswhich
when together heat transfer eitfsgrconduction, convection, and radiatigrslowed
down to and from a building because of its high thermal resistance property
(ASHRAE, 2001); (AM\Homoud, 2005)

In Turkey, due to little insulation in existing and new buildine result is a lot of
heat loss and energy waste. Thus enough thermal insulation leads to much energy
savings (Bolatirk, 2006).

In modern timesas mentioned earlieenergy 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 energthis 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, thefere, further energy conservah is required As
mentioned earlier, v&n though Turkey has resources suchhasl coal, lignite,
asphaltite, petroleum, natural gas, hydroelectric energy and geothermal energy, it has
importedfifty two percentage of thenergyit spendsrom other coutries( Qlilata,
2002);(Bolatterk, 2006.

In cold climates energy in the form of heating is mainly consumed in buildings.
With time and technologyone way to minimiz¢his costly energy consumptighat
otherwise pollutes the environmentas the application of thermal insulation on
walls (Aksoy, 2012)
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As an influential addition to the wall, thermal insulatiithin the wallis majorin
reducing energy usage. Since energy is released by foggilabed fuels and 35
40% of thatenergy is tilized to heabuildings, the need arises to save it by applying
these fuels efficiently (Aytaand 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 hogdcould 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 consumptidihe mean heat usageresidents was above
200 kWh/m2 per year (Dilmaand Kesen, 2003); (Aksoy, 2012). Thus energy saving
gained increased importance in Turkey. Since Turkey imports much eribegy
Ministry of Public Works and Housing released a new regulation namely (TS 825) in
1998, once applied, redudeconsiderable energy consumption in buildings (Turkish
Standard Institution, 1998); (Aksp2012).

[ 1.Region [[17]] 2Region [ ]3.Region [ ]4.Region

Figure19 Thermal regions of 81 cities for Turkey (Ankara being numbered as city 6
in region 3) (TS 825 Standard)

The TS 825 Standargrovided necessary information of insulation that must be

foll owed in buildings in Tur kelgsulgtohS E, 2008)
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Code i

n

describédidom figgré 19 aboveandfigure 20 below is the only

regulation addressing the insulation issue. In this document, Tigkeparated into

four climatic regions, and the maximum hé&ansmittance coefficient (Jalue) of

walls, roofs, floorsand windows in these regions weletermined. According to this,
the Uvalue for Climate Regions I, I, Il and IV should be 2.4 W/m2K for all

window glazings (TSE, 2008).

Uyar Uroor Usoor Uiiion
(W/m?Q) (W/m*Q) (W/m’C) (W/m?*Q)
1¥ Region 0,70 0,45 0,70 2,40
2"'Region 0,60 0,40 0,60 2,40
3"'Region 0,50 0,30 0,45 2,40
4" Region 0,40 0,25 0,40 2,40

Figure 20 Thermal Transmittanoesquirementsccordingto (TS 825 Standard)

Examples for the different regions are as follows:

1) 1% Region = Antalya, Adana (hottest outdoor temperature)
2)2%Regi on =

3)3“ Regim = Ankara, Konya (cold outdoor temperature)

Kstanbul ,

Samsun

4) 4" Region = Erzurum, Kars (coldest outdoor temperture

(moder at ¢

The walls wih all its components such as the masonry blocks, plaster and thermal

insulationis very importanin the thermal calculations of the building (Aksoydan

Inalli, 2003); (Aksoy 2012) Some Research regarding thermal insulation is as

follows:

B o | a tn2Q0édé&termined the most favorable insulation thickness, energy savings

and payback periods of various fuels for sixteen selected locationfowittiifferent

climates. He found that energy savings ranged between twenty two and seventy nine
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percentage whilene most favorable insulation ranged between two and seventeen
centimeterg Bol att ¢rk, 2006)

In 2003,¢ 0 ma k | éksetestbd themost favorabilesulation thicknessuitable
in cold locationsThe optimizationwas based on the life cycle cost analysifiey
concluded that mergy saving could be obtained onceptimum insulation

thickneses wereappliedwithinwalls( ¢ o ma k | ksel 2003) Y ¢

In 2004 Do mb a foend é&at in the city of Denizli, Turkeypnce the most
favorable expanded polystyrendghickness was applied to the walls energy

consumption wadecreased by 46.6%0D o mb ,&2§08)c é

In 2008 ¥ z e | a ndeeterigeltite mdstefavorable insulation thickneapplied
toexternal wal | s fEorz uAznamprevjncdEddfesidegg]jthe
heatingand cooling degree day valugsgeland RBh t ,2008)

In 201Q U- ar a nddternBnedthe most favorableinsulation thicknesss of
different wall structures for four different insulation materiahd for four climatic
zones withinTurkey andfor different fuel types. Theconcluded that energy cost
savings rangetbetween 4.2/m2 and 9.5 $/m2, according the city andtype of
insulation( UWarand Balg 2010)

According to the study by Mohsen and Akash in 2@bfferent 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
polystyrenewvasused for both walls and roofs insulation. (Mehsand Akash, 2001);

(B o | t2008).

In astudy 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 ceilingiaper, 202); (B o | &,t2008).
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According to the study by ASallal 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 climatg#@\l-Sallal 2003); B o | &,t2008).

Another study by Hasan in 1999 investigated cost savings and payback periods
obtained when both rock wool andlystyrene insulation were applied. He used a
life-cycle cost analysis to obtaihe most favorablensulation thicknesses. A saving

of 21$/m2 of the wall area resulted when rock wool and polystyrene insulation was
used. Moreover, a payback period ef.¥Y years for rock wool insulation and 1233

years for polystyrene insulation were obtained, for different wall constructions
(Hasan,1999)B o | &,t2008).

According to a study by ABanea and Zedan in 2QG#h investigation of the effect

of the heat tnasfer 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 coteanobst favorable
thickness of theconsidered thermal insulation material. They also studied the
economic aspects of the totplice and the most favorablghermal insulation
thickness (AlSanea and Zedan, 2002Bo{atturk, 2006).

From all these studie& could be concluded thalhé building envelope components
such as walls and roofs of buildindgeing the dividing elementsthat separate
interiors from exterioraffect the energy performance of buildinghe addition of
thermal insulation should be considered according to cliaradethe interior thermal
comfort needs of occupants. Thermal insulation is usually added as part of the
building envelopecomponent to decreasgerior heating and cooling, energy usage

as well as costs. Increasing thermal insulation thicknesses atl@srtwnetary costs

on the one hand, but on the other hand reduces the costs for interior heating and
cooling. Consequenthat the most favorabléhermal insulation thickness the cost of

fuel is minimal.In turn, no extra energy savingowld occur if thethickness of the
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thermal insulationis increasedMabhlia et al., 2007); -ar and Balo, 2010). When
comparing the thermal insulation materials to other natural ormeate materials
differences in behavior occur according to temperature exposure. idsesrch has
been doneinvestigating the influencef operating tempeture on the thermal
behaviorof thermal insulation material&\(-Homoud, 2005); -ar and Balo, 2010).

According to a study by Bolgtk in 2008 the optimum thermal insulation
thicknessesaccording toboth the heaing and cooling loasl were obtained for a
number of citieslocatedin the first climatic zone of Turkeysaperthe TS 825
standardB o | &,t2008)

According to a study by Dombayé et a the optimum tRednfabingation
thickness of theexterior building envelopefor two different insulation materials
namely expanded polystyrene and mwokl were calculated in DenizIDpombaye c &
et al.,2006

In their study¥ z e | a nahalyred dhfterentlyélocated insulations in twelve wall
systemsn different seasons namely winter and summeéne city ofE | §, Zw&key.
Different insulation configurations across the different wall systems were
investigated with the thicknesses oftlibahe 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. Theoncluded thathie best option was to locateree
insulation layers one on the outside, the second in the middle and the third in the
inside. In additionanother conclusion obtained was that locating thermal insulation
at the interior and exterior sides of the wall proed the better option when
compared to locating insulation withfferent thicknesses from the maximum time

lag and minimum decrement factor perspect¥ea e | an207Pheht &l &

It is usual in the construction that the insulation is applied irextterior, middle or

interior of the wall structure. However, according to recent developments in research
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by (Asan, 2000); (Sodhat al, 1997) Bojic and Loveday, 1997)¥ z e | and Peéeht

2007) it was concluded that a higher thermal performamegeuld occur when a
double layer of insulation is applied when compared to a single layer of insulation
with the same total thicknedstom the studythe worst option was locating a single
insulation piece at different locations other than that of theriext 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 an207Péhtel e

Nowadays in the insulation industtyit could be noticed that such products are
available in sheets with different thicknesses. In new construction, insulation could
be installed in the exterior surfacggndwichedn the wall or the interior surface. In

the case of already erected wallshailt construction the only locations to place
insulation are either the exterior or interior surfaces of the \Wsdian, 2000)

Insulation materials come in many forms as showrfigure 2L below The first
being batts and blankets, the second being rigid materials such as foam boards and
fiber boards, the third being sprayed materials such as polyurethane and finally

loose fill insulation such as cellulosg8ifnpsons, 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 aredige 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 produetsalap used for high

temperature facing devices such as solar collectors.
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l INSULATING MATERIALS ’

I
INORGANIC ORGANIC COMBINED NEW TECHNOLOGY
MATERIALS MATERIALS MATERIALS MATERIALS

L FOAMY FOAMY - Silico_nated - Transparent
- Foam Glass - Expanded Calcium || Materials
Polystyrene — - Gypsum - Dynamic
| - Extruded Foam Materials
RIS Polystyrene - Wood Wool

- Glass Wool - Polyurethane
- Stone Wool Foam

FOAMY
EXPANDED

- Cork

- Melamine
Foam

- Phenole
Foam

FIBROUS

- Sheep Wool

L_|- Cotton Wool

- Coconut
Fobers

- Cellulose

I

Figure 2 Classification of the most used insulating materiBspadopoulo2005)

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, howeser it i
the countless microscopic air pores within the insulation material fabric that resist the
convective heat transfer by prohibiting air from moving-Rdmoud, 2005).

Thermal transmittance or-Malues 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 benefitsBy the application of thermal insulation wighlow initial
capital investigationapproximately 5% of the total building cashd much

energy savingsouldbeachievel 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 {Abmoud, 2005).

2) Environmental benefits: The applicatioh thermal insulatiorsaves energy
by reducing operationcoss and improvingenvironmental benefits. This
could beachieved since pollution producing mechanical systemslid be
minimized (AFHomoud, 2005).

3) Thermally comfortable buildings: The applicati of thermal insulation
reducethe erergy load expended by the HVAC systems and thus increase the

period of indoor thermal comfort (Afomoud, 2005).

Figure 22 The hermal transmittance afeveral common insulation materials with
five centimeter thicknesses compared to the thermal transmittance of a concrete
block (Al-Homoud, 2004)
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