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ABSTRACT

Turkey has a large energy potential for reducin@dissions by energy consumption in
residential buildings, applying sustainable destnategies and renewable energies. Two
critical elements of building energy consumptiore alimate and building energy
standards, thus, a new detailed climate analysi3uskey was prepared by using the
classification methods in ASHRAE transactions 4@86Q41. A review of building energy
standards for selected countries allows for corspariwith Turkey regarding standard
updates or preparation. Four typical residentialding types from Turkey were selected
and analysed as to their energy consumption angngiecomfort, using the TRNSYS
simulation program. Three of the building types jare-fabricated and one is realised in a
traditional building technology, which representssignificant number of dwellings in
Turkey. The thermal simulation of the building tgpe&as carried out for three different
climatic zones of Turkey: Hot, Moderate and ColdheTvariation of design parameters
shows, that high energy savings can be achievebasic design strategies, including
ventilation, orientation of large window areas witspect to solar heat gain, thermal
insulation of building envelope, and utilizationtbermal mass. It is shown in a systematic
approach, how the thermal comfort and the energfppeance for typical building s and
climatic zones of Turkey can be improved to a lewalich is comparable with advanced
European standards of high comfort and low enengi¥dings. The remaining energy
demand can partly be provided by integrating reitdsvaenergy technologies in the
building such as solar thermal or photovoltaic pane

Umit Esiyok, September 2006
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Introduction 1

1. Introduction

Energy consumption, energy conservation and enefiggiency in buildings have been
important research areas for countries due to asing energy demand, lack of the natural
sources caused by utilization of fossil fuel basedrgy sources and environmental issues
like the greenhouse effect, acid rain and ozondetlep. Energy consumption is partly
dependent on the weather, for example, in a colak yeore energy is consumed to
maintain comfortable internal temperature than invarmer year. However not only
climate characteristics but also buildings themselhave influence on energy use. A
building with a weak envelope doesn’'t perform adlwas a building with an energy

efficient envelope regarding energy use.

Energy consumption is the amount of fossil fuelenewable fuels and electricity
consumed by end use sectors; industrial, residemtansport and service. One of the
largest sectors that consume a significant amodtrtotal energy in the world is the
residential sector. For instance, in Europe thesbbald and service sectors share 41% of
total energy consumption; transport and industrjofo with 30% and 29% of total
demand respectively. In Turkey, the residentialt@elaced in first place regarding
energy consumption, represented almost one thitotalf energy consumption in 1990 (28,
98 %-15358 Ktoe). In 2001 it decreased by 21,6218641 Ktoe, making the residential
sector second after the industrial sector, accgrdm the statistics presented by the

Ministry of Energy and Natural Sources.[1].

The contribution of building to environmental prebis is increasing significantly. A
considerable amount of energy is being used foh#aing and cooling of a building to
maintain its resident’'s thermal comfort. Due tostkhown fact scientists, organizations
and academicians are looking for new solutions éorehse the energy consumption of
buildings by using advanced design strategies, hvparform to keep inhabitants thermal

comfort within acceptable limits as well.

The building’s envelope, which consists of evemythithat separates the indoor
environment from the outdoor environment, includihg basement slab, external walls

and roof, plays an essential role in the energyatehof buildings. As a result, the design
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of energy efficient housing can be obtained by gisimore industrialized methods in
production and construction processes and cangeamproved indoor comfort, reduced

drafts, moisture and improved air quality.

This work claims that pre-fabricated constructigstems can be an adequate choice for
energy efficient building envelopes since indu$itéal production and construction
processes yield higher quality components that eslilap building envelope (for example
high quality in thermal insulation, the most im@ot element of the energy efficient
building) and flexible design that can affect soleat gain and thermal mass (pre-
fabricated shutters, portable wall units, etc.) pared to the conventional construction
system. Pre-fabricated construction offers a deansdprm, continuous air barrier with
fewer thermal bridges, thanks to its high qualitgulation. Another reason to choose pre-
fabricated building technologies for simulation poses is that these systems will
dominate the building sector in the future duehteirtadvantages with respect to its time

saving, economic and quality advantages.

The components in pre-fabricated systems work hagetot as an individual part. For
example, the practice of gluing the componentsttmgein addition to the conventional
fastenings in some examples makes pre-fabricatsetersg tighter than conventional
systems. In conventional construction systems, wjoikity also depends on the ability of
workers; therefore, construction quality will na the same as in pre-fabricated systems.
Because of these reasons the thesis asserts thébpicated systems are better than
conventional systems with regards to thermal beitaasnd energy consumption. Due to
the reduced waste during the production and coctstru process pre-fabricated systems
are considered to be environmentally friendly systeBeside those advantages, choice of
materials and design details are important fadtorghermal performance.

In addition to all of those assessments mentiortea/eg energy sources, climate and

geographical characteristics of Turkey are thdistapoint of this work.

Along with these evaluations, this study examinegrgy consumption and thermal
performance in residential buildings, mainly in jbméricated residential buildings, in
Turkey.



Introduction 3

1.1. Objectives of The Work

This thesis deals with energy standards of res@dmtildings. Building energy standards
for different countries from different regions aodntinents have been shortly examined
and both prescriptive and performance requiremintsesidential building envelopes are

illustrated.

The first objective of this study is to define aexmine energy and energy consumption
matter in Turkey in general terms and the policoesried out by the government.
Accordingly importance of building energy standaisiivestigated. Standards in Turkey
and in some developed countries, such as the Eamopaion (Sweden, Norway, and
Denmarkas the countries that represent the best buildmeygy standards in the world),
Germany, USA and other countries which have coripetistandard applications, are
briefly explained and compared to each other. \WWathard to Turkey’s application for EU
membership, requirements for the candidate countole the energy performance of
buildings are main targets and following routes Tarrkey in the light of “Directive
2002/91/EC of the European Parliament and of thenCibof 16 December on the Energy
Performance of Buildings”, which explains and irad&s requirements for buildings and
should be applied by member countries by 2006.dtoker 2005, Turkey was accepted to
start negotiations for EU membership; this factoemages Turkey to reach EU standards

in general and specifically in the energy field.

Climate classification is an important element detting energy standards. As a result in
this work different climate classifications are essed. A new climate classification for
Turkey was prepared according to the ASHRAE Transae 4610 and 4611, which

describe the development of a new climate clasdibo for use in characterizing the
performance of energy efficiency measures for lgjsl.

Following the simulations of selected systems, saoraparisons are made between pre-
fabricated construction systems and traditionalstoigtion systems to see whether the
developments in the former pre-fabricated housiogstruction systems, which are
expected to be in high quality, are efficient relyag energy consumption and their
thermal performance, otherwise the systems nedxk tre-evaluated. One of the sample

building systems selected for thermal simulatiom iinforced concrete system that is a
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compound of reinforced columns, beams and lightiateigllow bricks, representing most

of the residential building technology in Turkey

This work also aims at introducing new pre-fabechtesidential building systems based
on the proven performance of the buildings thatewested by the companies in developed

countries, as regards energy consumption and theondort.

Pre-fabricated buildings are manufactured througlndustrialized process improvement
in quality brings many advantages in energy congiompand thermal comfort. One
example for this system will be the Sekishui hogsgsystem developed by Sekishui
Housing Business in Japan. The system includes lebetyp finished units built in a

covered area (Factory). Therefore, testing thoses will be as easy as testing other
factory made products that means each unit's gquate energy performance of each, will
be equal. Then those units are connected and mmethier on the site by using
industrialized techniques. The applications were examined in just Japan, but also, in
other countries such as Sweden, Canada and the WIS#&e the combination of energy

efficient building and prefabrication is an impartaoncern of residential building,

Energy efficient and passive housing approaches wiefined and examined briefly.
Integration of the renewable energies in the redidebuildings is an essential step to
reduce CQ@emission, thus, some samples of PV (Photovoltit)itectural integrations in
the Netherlands, the USA, Germany and some othertges were illustrated. In addition,
judgment of applicability and adaptability of thosgstems in Turkey was subsequently

discussed.

Another goal is to encourage the institutions eslatvith energy (builders, building
product manufacturers, industry organizations, ecads, researchers and government) to
focus on innovative technologies in energy and phe-fabricated building sector by
introducing new components, systems developed dustnialized countries and by
providing a correlation between them to stressirtiy@rtance of the energy efficiency in

buildings, particularly in residential buildings.
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The main tasks in this work are,

» Introduction of a new climate classification of Kay, for the cities in the
METEONORM databank (over 50 cities), according he ASHRAE Transactions
4610 and 4611

= a short energy regulation review of some countireshe world from different
continents, regions with respect to building enpeloand energy consumption

requirements

= determination, examination of the current situatbthe selected residential buildings,
which exemplify most of the housing types in Turkayd are made of different

materials, both in pre-fabricated and conventicyatems

= analysis of overall energy consumption (heatingliog) and thermal performance of
residential buildings in different climate regionsy using scientific methods,

simulation program TRNSYS

= comparisons between pre-fabricated and conventisysiems regarding their energy

efficiency performance

= Jastly, recommendations for general targets of aleenergy consumption and

appropriate measures for housing in Turkey

1.2. Structure and Methodology

- Methodology:

Methods used for energy the analysis of the samgdealential buildings in different
regions are literature review, simulation progranmhysical observations and the
measurements done by other scientists. Much ofitérature, related to the energy, pre-
fabricated residential building technologies in theiversities, on the Internet, from
companies and institutions was examined. Selectaddilgs systems could be
investigated by using various simulation progransghsas TRNSYS, DOE 2, and
ENERGY PLUS etc. TRNSYS, a transient simulationgoaon developed by Wisconsin
University in the USA, is used for a simulation tbie selected building systems. The
components of TRNSYS are written in FORTRAN langiagRNSYS consists of the
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TRNSHELL, ISIBAT, PRESIM sub programs. Building eepe and some strategies of
simulation are described in PREBID; the buildingdelocomponent. All weather data are
provided from METEONORM.

- Structure:

After a brief introductionin chapter one, geographicalcharacteristics of the country,
energy sources and their potentials (especiallgwable energy potential) in Turkey are

analyzedn the second chapter.

In the third chapter, climate characteristics of Turkey according tdfedént scientists
and climate classification methods are examined. abidition, the new climate
classification of Turkey is introduced by using tbkassification method described in
ASHRAE Transaction 4610 and 4611climate. Buildimgrgy performance standards in
different countries around the world are investgdain the fourth chapter. Some

recommendations are made with respect to improvurgish energy standards.

The fifth chapter aims at indicating energy efficient and passiveditgy approaches, new
pre-fabricated building systems, integration of eswable energy sources, specifically
integration of photovoltaic in residential buildsa@PV) in developed countries such as
Germany, USA, Japan and Scandinavian countrieseSesidential building systems in

Turkey were described as inputs for simulations.

The simulation program TRNSYS, assumptions andegji@s used for simulations and an
energy analysis of four residential building systesme explained ithe sixth chapter.In
addition, climate characteristics of the three dele cities are assessed. Design strategies
and assumptions are graphically detailed. The tesuk analyzed with respect to four
different conditions: heating-cooling energy demazwhe temperatures higher than 26°C,
zone temperatures on the hottest day of year affieraht design strategies, including
ventilation, glazing variables, thermal mass indmwalls, shading, orientation variables
and insulation. In this chapter the economic edficly of the insulation thickness applied

to a traditional system is graphically illustragetd assessed.

In conclusion, after reviewing all results derived from the stuthe importance of the

energy consumption, energy efficient design andofgcmade residential buildings is
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underlined. General recommendations for targetsowdrall energy consumption and

appropriate measures for housing in Turkey arerginehe last chapter.

In this thesis, the factors influencing energy dedsaof a building are classified into two
main classes: climate and regulations. Improvedding energy regulations, which are
presented and formulated by using climate dataredse energy consumption, since the

main target is to reach or exceed required valfistandards.

Several research projects were carried out reggreinergy efficient residential buildings
in Turkey. One of them is a research project thatléd by TUBITAK — The Scientific
and Technical Research Council of Turkey- and edraut by four scientists in 1997. The
research project is entitled “Developing Energyidight External Envelope by Retrofitting
in Rehabilitation of Existing Residential Buildirfigdhe main objective of this research
project was to develop applicable economic andgnefficient retrofitting systems for
the external envelope of existing residential bodd in Istanbul. A five story reinforced
concrete building block was selected as a modeprarements were classified with
regards to building area, dimensions (width/lengiind physical properties. The DOE-2.1E
computer program was used for the simulations..[43]

Obviously, that research project was done justdtanbul and applied only for reinforced
concrete systems. In addition, ventilation variablere not investigated, however their
influence on energy loss were explained. Energydesvith regards to different variables
(insulation thickness, glazing types, orientatiord aumber of floors) were investigated.

Some of the results of this research are as follows

-increasing thickness of the thermal insulation malteesults in increased energy savings

-replacing single glazing with energy efficient gfay has longest payback period if
applied with improved opaque elements

This thesis can also be considered as supplementakyto complete that research work
by taking different cities and different residehtailding systems into account, since it is
important to examine and investigate differentesitiand building technologies for a

comparison.
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2. Energy Sources in Turkey

2.1. Geographical Characteristics of Turkey

Turkey is one of the largest countries in Europe lsiiddle East with its 779452 km? total

area (23764 km? on the European side, 755688 knthe@msian side). The country lies

between 36-42 north latitude and 26-45 east lodgitfnoughly rectangular in shape) and
situated between two continents - Europe and ASgu(e 2.1).

It is surrounded by three seas with a total of 8@M2otal coastline; the Aegean with 2805
km, the Mediterranean with 1577 km, the Black Seth W695 km and the inner sea
Marmara with 972 km. The Marmara connects the Bl8ela and the Aegean via two
straits: Istanbul and Canakkale straits. The cguias seven geographical regions:
Marmara, Aegean, Mediterranean, Southeast Anat&last Anatolia, Black Sea and
Central Anatolia. The neighboring countries are g8eeand Bulgaria to the northwest,
Armenia and Georgia to the northeast, Iraq and tivpathe southeast and Syria to the south
(Figure 2.2). The highest mountain in Turkey is MbArarat (5165 m) and biggest lake is

Lake Van: both are located in eastern Anatolia.

Figure 2.1:Turkey’s location between Europe and Asia (Souwsew.Worldpress.org)
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Turkey is the fifteenth most populated countryhe tvorld with approximately 73 million
inhabitants. Istanbul houses almost 15 millionhafse inhabitants, making the city one of

the most populated cities in the wo(2D05 World Population Data Sheet, www.prb.org)

Figure 2.2: Geographical map of Turkey (Source: www.Worldprassg.

2.2. Energy Sources and Problems in Turkey

As a developing country an in conjunction withfast growing economy and population -
a population increase of almost one million inhati¢ per year - Turkey's energy
consumption has increased rapidly between 19962a0d. While total primary energy
consumption in 1996 was 70.77 Mtoe, in 2004 itedi87.78 Mtoe. On the other hand,
total energy production in 1996 was 28.29 and 222004 (Figure 2.3).

The industrial sector accounted for 36% of totargy consumption, while residential and
commercial sectors represented 35% in 1997. Imtegears, the difference between the
industrial and residential sectors has increasechrmore than in former years, according
to the MENR (Ministry of Energy and Natural Resask statistics. Among the EU
candidate countries, Turkey has the second laegestgy consumption, 50.1 Mtoe, after
Poland, 58.4 Mtoe, according to the European Cosionsyearbook Statistical yearbook
on candidate countriésn 2003.
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Figure 2.3 Energy production and consumption in Turkey

As it can be seen, Turkey is an energy importingnty and dependent on the imported
energy sources. Furthermore this trend seems twobinuing in the future. Although it
has a wide variety of energy sources, the quatityguantity of most of the sources are not
sufficient to produce energy. Some of the energycas in Turkey are hard coal, lignite,
asphalt, oil, natural gas, hydropower, geothermalpd, animal and plant wastes (bio
mass), solar and wind energy (Table 2.1). The prokeserves of lignite, the most
abundant domestic energy source, is 7300 millian dad found in almost all of the
country’s regions. Lignite has the largest perogata total energy production with its
42.5 percent share. After lignite, wood has theaigs share in total energy production
with its 20% and oil accounts for 13%, 12.4% hydral the final 15% includes animal
wastes, solar, hard coal, natural gas, geotherneetrieity and geothermal heat.
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Table 2.1 Primary energy sources in Turkey (Source: MENR)

Source Apparent | Probable | Possible Total

Hard Coal (million tons) 428 449 249 1126
Lignite (million tons) 7339 626 110 8075
Asphaltite (million tons) 4% 29 8 82
Bituminous schist (million tons) 535 1086 1641
Hydropower (MW/year) 35.045 - - 35.045
Qil (million tons) 48,4 - - 48,4
Natural gas (billion tons) 8,8 - - 8,8
Nuclear (tons)

Uranium 9129 - - 9129

Thorium 380.000 - - 380.000
Geothermal (MW/year)

Electric 200 - 4300 4500

Thermal 2250 - 28.850 31.100
Solar (Mtoe/year)

Electric - - - 8,8

Heat - - - 26,4

Turkey’s various renewable energy sources repretesecond largest energy source after
coal. Biomass and animal waste account 67.3 % opydver 29.5 %, geothermal 2 % and

wind and solar account for 1.2 % each of total waide energy production

There are many rivers in Turkey, thus water souaresone of the most important energy
sources. 19 % of electricity generation was pravidhy hydropower in 2001, and it
increased to 26 % in 2002. Turkey’s largest hydrcteic power plant is the Ataturk Power
Plant, which has the"6largest capacity in the world, with the capacify2400 MWe
Karakaya with 1800 MWe Keban 1330 MWe Thirty fouydiho plants are under
construction, and 329 more hydro power plants aogepted. The largest hydro power
project in Turkey is the Southeastern Anatolia &b{GAP), which covers 74000 km2 of
the country. Upon competition, GAP will have antalled capacity of 7476 MW 22% of

Turkey’s total estimated economic potential [1].[2]

In spite of its high energy productivity benefithet power plants cause major
environmental and social problems such as migratibmesidences, loss of valuable

agriculturally productive alluvial bottomland, akion of ecosystem.
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In addition to water sources, Turkey has significaeserves of other renewable energy

sources such as wind, solar, biogas and geotheemaigy. Wind energy: western,

northern and southeastern Anatolia is favorableword power generations, as annual
wind speed is around 2.5 m/second (Figure 2.4).firstewind power facility which has 12
wind turbines for a capacity of 7.2 Mwe, was consitieed in 1998 in Izmir. In addition
to this build-operate-transfer power station, 17renwere approved in 2001 and more
applications are under evaluation by the MinisthyfEavironment and Natural Resources.
Turkey had a total installed capacity of 18.9 MV\2B02.

Figure 2.4 Turkey’s wind direction

Another renewable energy source for which Turkeg k@gnificant potential is the

geothermal enerqy sourcewhich represents one eighth of the world’s tg@bthermal

potential. Much of this potential does not haveagh lgquality, which is required to produce
electricity. Thus it mainly is used for heating poses. By the end of 2001 geothermal
energy potential of electricity and thermal wasdmted to be 4500 MW/y and 31100
MW/s respectively. The total installed capacity fmating was 820 MWth, all of which

provided heating for 51600 residences. Geothernsdtiats which have temperatures
above 40 °C are around the West, Northwest and Ieliddatolia. It has been expected
that five million houses will be heated by usingtiermal energy sources. The country’s
geothermal energy potential is determined by thet that Turkey lies on the Alpine

Himalayan organic belt [2].
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Solar_energyuse in Turkey has increased dramatically in regears, mostly for water
heating purposes. Turkey’s average annual sunshiraion is 2640 h (7.2 hours/day) and
average solar intensity 3.6 kWh/m2 day (Table ZT2e main solar energy utilization in
Turkey comes from flat plate collectors in the dstieehot water systems. Flat plate solar

collectors can be seen at the top of a residentidding’s roof with a water tank almost in

every region especially in the southern and westgions even in the villages. [3]

Table 2.2Turkey’s monthly solar energy and sunshine dara¢Source: MENR)

MONTHS MONTHLY TOTAL SOLAR ENERGY SUNSHINE DURATION
(Kcal/cm2-month) (KWh/m2-month) (hours /month)

January 4.45 51.75 103

February 5.44 63.27 115

March 8.31 96.65 165

April 10.51 122.23 197

May 13.23 153.86 273

June 14.51 168.75 325

July 15.08 175.38 365

August 13.62 158.4 343

September 10.6 123.28 280

October 7.73 89.9 214

November 5.23 60.82 157

December 4.03 46.87 103

TOTAL 112.74 1311 2640

AVERAGE 308,0 cal/cm2-dal 3,6 kWh/m2-day 7,2 hours/day
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Turkey 9%

EU 12.70%

Japan 7%

Israel 4.40%

Brazil 2.10%

United States 1.80%

Australia 1.40%

India 0.90%

South Africa 0.50%

Other 1.70%

China 50.84%

Figure 2.5 Share of existing solar hot water/heating cagdoithe World Source: Renewable 2005 Global
Status Repojt

Turkey is one of the leading countries in the wdddtotal installed capacity with a total

of collector area 8.2 million m? as of 2002. Aftéhina and the European Union, Turkey
has the third largest solar hot water/heating dapadith 9% (Figure 2.5). [4]. Total

energy production in 1998 was 210000 TOE it inceda® 290000 TOE in 2001. There
are almost 100 solar energy companies with the 0002 of annual manufacturing
capacity. Photovoltaic systems are used rarelyurkdy, since they are limited by the
applications of governmental works such as telestations, forest fire observation towers

and highway emergencies.

Turkey’s solar energy potential has been estimaidae 26.4 million tons as thermal and

8.8 million tons as electricity. On the other handw preparations of solar energy source
potential statistics are being prepared by MENRutBeastern Anatolia has the highest
sunshine duration (2993 hours/year) and is followgdhe Mediterranean region (2956

hours/year), the East Anatolia (2664 hours/yead) the Aegean region (2738 hours/year)
(Figure 2.6)
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Figure 2.6: Sunshine duration hours of Turkey (Source: MENR)

Turkey uses a substantial amountbdd_energy resources, including animal and plant
wastes. For instance in 1997 animal and plant wasteounted for nearly 6% of (6575
Ttoe) total energy production, but this number mhed to 5790 Ttoe in 2001 and is
expected to decline even more in the future. Tuskbipgas potential was identified as 3-4
bcm (1.5-2 million tons of oil equivalents, Mtoegrpyear. In 2001, the quantity of raw
material available was 4739 million tons as anichathg and 1790 million tons as wood

residues. These sources are mainly used for hgatimpses in rural regions.

Turkey’s CO? emissionshave increased parallel with its energy consumpflarkey was

ranked third among IEA member countries regardimg €Q emissions increase rate
between 1990 and 1995, when it increased from 03BI6to 160.50 Mt, and it has been
expected that it will increase to 308.20 Mt in 2G0% to 424.50 Mt in 2010. Since 1990
Turkey’'s energy-related carbon emissions have asae from almost 138.50 Mt/year to
210.46 Mtl/year. In contrast, the share of the esdtidl sector was 16% in 1990, and it
remained at 16% in 2000. In Turkey, total £#mission per year from dwellings is 25.948
million tons, which at 5.3% ranks Turkey seventhoam twenty European countries,
according to the survey prepared by EURIMA (Europdasulation Manufacturers
Association) in 2001. [5]

According to the European Commission Yearbo&Katistical yearbook on candidate
countrie$ in 2003 Turkey had the highest (227 Mt, 3.4 tquexr capita) total C®

emissions among the EU candidate countries (Figute
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Even though Turkey became a member of UNFCCC (dniwations Framework
Convention on Climate Change) on May 24, 2004, &uiik not a party to Kyoto Protocol,
but it is placed in Annex-1 countries which werdirted in Marrakech in 2001.
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Figure 2.7Total CO2 emissions per year from dwellings (8eUEURIMA)
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3. Climate and Climate Classifications

Climate is defined in th®xford Dictionaryas “the general weather conditions prevailing
in an area over a long period”. Another detailetinitton made in the intergovernmental

panel on climate change report in 2001 is:

“Climate in a narrow sense is usually defined a® ttaverage weather”, or more
rigorously, as the statistical description in terrosthe mean and variability of relevant
quantities over a period of time ranging from mantb thousands or millions of years.
The classical period is 30 years, as defined byWhwld Meteorological Organization
(WMO). These quantities are most often surface abégs such as temperature,
precipitation, and wind. Climate in a wider sensethe state, including a statistical

description, of the climate systerf8]

Among other variables such as building envelopatihg system, type of use, etc., climate
is the most important element and has the gremis¢nce on the energy consumption of
buildings. Building envelopes are mainly shaped dynate characteristics of the
surrounding environment where they are built. Tleeee analyzing the climatic conditions
of buildings or places is one of the essential pha design, which focuses on providing
comfortable and energy efficient living spaceshaligh a building may have a very good
envelope construction, it still consumes more Ingaéinergy in a cold climate than that in
hot climate As a result, climate considered design plays al vible for designers,
engineers and architects, who should consider tdireements that influence both human

comfort and a building’s thermal performance.

Some climatic elements considered in building desig:

-air temperature

-radiation, diffuse and beam radiation, or long eatiort wave.
-wind speed

-relative humidity

-sky conditions
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-rainfall
-air movement [7]

Climate classification becomes an essential maittehis point due to the determination
and selection of the design strategies and matgr@tes, since most energy performance
standards are established by referring to regicimakte classifications. The “Degree Day
Method” is used in determining new generation ctemelassifications. They are used for

calculating heat losses as well.
= Degree Days

Degree days are originally used to evaluate engegyand and energy consumption. They
represent energy demand of a place and are antiatsedicator for estimating energy
needs. In many standards such as ASHRAE, TSd&®5Fece days are taken into account in
order to calculate energy demands and energy loSsee the climate classifications are
made with the help of degree days, reference vabfiesnergy consumptions for each

climate class are determined and used in calcaktd energy demands.
» Heating Degree Day (HDD)

The heating Degree Day can be defined as the sutheoflifferences between average
ambient temperature and the lowest reference teatyrer Degree days can be calculated
weekly, monthly or yearly. Internal base tempemtig specified according to climate

regions and buildings. For example in the USA thsebtemperature for heating degree
day is generally defined as 65 °F (18. 3 °C), whil¢he UK base temperature is 15.5°C.
We choose 18°C, above which the building is assunwdo need heating. If the daily

average temperature is lower than the 18 °C reteregmperature, the difference between

those temperatures gives heating degree days.

Z
Heating Degree Days (HDBt = Z (Am—-damn)[k.d/a] (1)

n=1
Wheredm : Reference temperature for heating

Gam: Average ambient temperature
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= Cooling Degree Day (CDD)

The cooling Degree Day is the sum of the differeoesveen average ambient temperature
and the upper reference temperature. The interasé bemperature may be determined
according to the building structure. In this worl whoose the base temperature of 10°C
referring ASHRAE transactions 4610-4611.

z
Cooling Degree Day6t, K = Z(Hm—éhm n)[kd/a] (2)
n=1

Wheredm : Reference temperature for cooling

6am: Average ambient temperature. [8]

In some cases, the Degree-hours (DH) method is. iBsgtee-hours are the result of the
mean ambient temperature compared to an insideerefe temperature. They help to
monitor energy consumption of a house, as wellbadetect possible anomalies. Degree
hours together with the calculation of the thererargy index are the two components of
the energy signature of a building. Degree houesnat only a representative indication of
the heating and cooling energy consumption but iaisoan indication of energy saved for

cooling and natural ventilation.[9] [15]

Heating and cooling degree days for the selectigesci Antalya, Istanbul and Erzurum -
are illustrated in Figure 3.1. Degree days are utaled by referring to ASHRAE
Transactions 4610 and 4611 which describe climiassification methods for ASHRAE
standards. Heating degree days and cooling degrgeate calculated by taking the base
temperatures of 18°C and 10°C respectively. Howewveseems that the cooling degree
day’s base temperature can be increased to 18 20 &€ after reviewing the simulation
results that we gained in this work. For instareegrage ambient temperature doesn’t
exceed 20°C in Erzurum due to that reason it canestenated and a higher base

temperature may be used for calculating coolingekdays.
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‘DCooling Degree Days @ Heating Degree Days ‘
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Istanbul
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Figure 3.1 Heating and cooling degree days of selectedscifdéSHRAE Method and
CDD -18.3°C base)

The relation between degree days and energy congumgan also give prior approximate

information before construction starts. In the aesk work done by A. Matzarakis and C.

Balafoutis, it is concluded that a residential Bung in Florina (Greece), which has 1784.4
HDDs, spends almost nine times more energy to etfjeysame heating comfort than on
the island of Rhodes (Greece), while the HDD ragtween those cities are approximately
nine fold as well. Along with the degree days ckdted for this work, the relation between

degree days and energy consumption is also grdjyhitsstrated. [10]

The Figures 3.2a and 3.2b represent the relatiehseen energy demand and HDD and
CDD for Antalya, Erzurum and Istanbul. It gives somformation about climate as well
and answers the question of how cold or hot thesciire. After examining the relation
between degree days and energy consumption, wédudeaalcthat there is an almost linear
relation between them. Heating and cooling degrags,dheating and cooling energy
demands of selected cities indicated in (Figur@,3322b), for instance the heating energy
demand for Erzurum is almost 7 times that in Ardalhe heating degree day number of
those cities shows almost the same relation fatitteamal construction. In addition, the
ratio between cooling energy demand and coolingestedays is almost 1:2. However, the
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correlation between degree days and energy congamyg#pends on construction features

as well.

As it is illustrated in the Figure 3.2a and 3.2tyrf different construction systems in three
different climate regions are investigated withamely to degree days and their energy
consumption before improvements are made for thmulations. The linear regression
method is used to evaluate the relation betweenvav@bles energy consumption and
degree days for three cities Istanbul, Antalya Brirum. The energy consumption of the
reference cases for each building types in thetsesaivere obtained through the energy
simulations by TRNSYS. The linear regression limaraditional building system differs
from other systems because of its worst coolingrggngerformance in Antalya. In
addition, only three cities were investigated, mdaéa can provide appropriate regression
line. The intersection points of energy consumpteomd degree days represent the
performance of the different systems, for instaifose investigate energy consumption of
the traditional system in another city out of thgtges that have cooling degree days of
1500, it can be estimated that the cooling consiompof this traditional building in
selected city would be around 15 kWh/m2a The eneogpygumption values are taken from

simulation results of the selected three citiethereference case.
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Figure 3.2a:The relation between cooling energy demand andegedays
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Each residential building system represents differelations between degree days and
heating/cooling energy consumption. For examplgh gystems with insulation have
higher cooling degree days in a cold climate, wtiky perform better in hot climates with

regards to cooling energy.
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Figure 3.2b The relation between heating energy demand agrededays

3.1. Climate Characteristics of Turkey

The world is divided into five main climatic zonascording toKéppen Classification

tropical, arid, temperate, continental and polamates. [44] Turkey is situated in the
temperate Mediterranean climatic and geographicalez The country has three main
climatic zones: the Black Sea region is mild andegally rainy throughout the year with
the temperature neither very low in winter nor vérgh in summer. Theouthern and

western coastlines have a typical Mediterraneamaté with mild winters and hot, dry
summers. The Interior parts of Anatolia, with highd plains and a mountainous region

east of Anatolia are marked by cold and snowy wateot and dry summers.
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Figure 3.3 World climate zones (Source: http://encyclopdditex.com)

Although the country has three main climate zondge climate shows different

characteristics and can be grouped into five ciengoups (according to the scientists)
because of their different geographical charadiesisFor example in the Mediterranean
region, mountains (Taurus Mountains) run paralethie coasts and prevent the clouds
from passing over into the interior parts of theitoy therefore the coastal side of the
region receives more rainfall than the other pérthe region. In conclusion it can be
concluded that Turkey shows both continental clenand subtropical climate

characteristics.

In the “Turkey Baseline Report on Climate Chahgerkey is divided into five climate

zones [11].
= The Mediterranean climate

Characteristic of the Mediterranean climate are hutderately dry summers and mild,

rainy winters. This climatic region represents Mdiditerranean and a big part of the

Aegean geographical regions. The highest annuabkge temperature reaches 20 °C on
the eastern parts of the coast. The Mediterraniaate is classified into two classes:

- Humid Mediterranean climate,
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- Semi-humid Mediterranean climate.
- Humid Mediterranean climate

Mean January temperature changes between 8 °C(2&J average temperature in July
and August, the hottest months, reaches 28°C. Aranexage precipitation is 1060mm

mostly in winters, in January 240mm, in Decembéir@a.
- Semi-humid Mediterranean climate

Mean temperature varies between 5°C and 8°C incthdest month, January. In the
winters short term frost can be seen more thaharhtumid Mediterranean climate region.
The rain season is in the winter. The annual meacigtation is 650mm-850 mm.

Particularly in summers, evaporation is high.
» The Black Sea climate

The Black Sea climate region receives the highesiuat of rainfall throughout the year in

Turkey. The eastern part of the Black Sea regian2200mm annual average precipitation
some years it even reaches 2300mm. The Black Sewi€lregion covers all Black Sea
coasts and includes the northern part of the Maamegion. Average temperature is 8°C-
12°C. The region receives most of the rainfallutuann and winter. The percentage of the

rainy days in the summer is the highest.
» The Semi-humid Marmara climate

This climate zone includes the entire Marmara negircept The Black Sea coasts of the
region and a small part of the western cities & Marmara which are influenced by

eastern Europe’s climate. The climate is moderatgual average temperature is 14°C.
The hottest months of the region, July and Auguate an average temperature of 23°C.
The highest recorded temperature for those mostB3 °C. The coldest month is January
with a 5°C average temperature. Annual precipitatiaries between 500mm-700mm. The

share of summer rainfall is %10-%15.
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= Steppe climate

Central Anatolia, the Lake District, the Midwest aalia, Southeastern Anatolia, part of
the west Marmara region and the interior regionthefBlack Sea region are the regions

affected by the steppe climate. It is divided itvto groups:
- The Semi - arid Central Anatolia climate

- The Semi-arid Southeastern Anatolia climate

- The Semi- arid Central Anatolia climate

Winters are cold, intensity increases towards tbgheastern part of Central Anatolia.
Mean temperature in the coldest month, Januargtufides between —3°C and 0°C. In
August it is 20°C-22°C. Average annual precipitati@ries between 350mm and 500mm.

- The Semi-arid Southeastern Anatolia climate

Summers are very hot; the average temperature@egrthan 30°C in the hottest months,
July and August. January and February are the soldenths with temperatures of 3°C
and 4°C respectively. Summers are dry and longngisAmount of annual rainfall is
350mm- 800mm. This climate region is the most egglon of Turkey.

= The Continental Eastern Anatolia climate

The continental Eastern Anatolia climate has th&lest weather in Turkey. Mean
temperature is —8°C - 10°C in the winter. The Hsstteonths do not exceed 20°C. Due to
its high mountains, this region sometimes refetoeas Turkey's roof [11]

3.2. Climate Classifications for Building Energy Standads
3.2.1Climate Classification Used for TS-825 (Turkish Stadard-825)

The Turkish State Meteorological Service and TSHrKiBh Standards Institution)
classified Turkish climate regions ashermal Insulation Regioh®y using a degree-day

method which was developed by the Turkish State ebrelogical Service. The



Climate and Climate Classification 26

classification, the number of temperature over COwhich is derived from 236 stations
between 1981 and 2001, has been calculated as/follo

Effective Total Temperature (Degree Days{M —10)* N 3

M: Monthly mean temperature,
N: Number of days in the month [12]

Degree days for all cities and some towns aredibte using monthly mean temperatures
in the equation. Degree days are not classifiedeasing and cooling degree days like it
was mentioned in the ASHRAE classification. Accagdito this classification Turkey is

divided into four insulation regions: this was udedthe Turkish Standard 825 (thermal
insulation in buildings) to determine consumptioalues and insulation requirements.
(Appendix A) The Climate classification of Turkeymade also by scientists but not used

for standards.

- Classifications Created by Different Scientists

Different climateclassifications for Turkey have been formulatedsbigntists. They have
classified the climate according to the droughtffocients of the cities. These climate
classifications differ in calculating water balasc&he long range average weather data
were used for classification. Some of the classiiims are the Aydeniz classification, the
Erinc classification and the Thornthwaite classifion. The Aydeniz classification is
illustrated in the Figure 3.4. As shown in the figiclimate is divided according to the

drought coefficient from very dry to wet [10].
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Figure 3.4: Classification of climate zones in Turkey accogdia the Aydeniz formula (Source:MENR)

3.2.2Climate Classification Used for ASHRAE Standards (SHRAE Transactions
4610-4611)

The climate classification was developed to be usethe implementation of building
energy codes, standards, design guidelines andimgilenergy analyses in the Unites
States.

Compared to the climate classification used for Thekish Standard TS-825, ASHRAE
Transactions 4610 and 4611 are more detailed thanTurkish classification. The

classification in the ASHRAE Transactions was madsvo phases:

Firstly, climate regions were divided into threeimgroups, and each group has its own
definition: marine definition, dry definition anduimid definition. These definitions were
made according to the some criteria for the locatidor instance; locations meeting the

following criteria are defined as Marine definition
* Mean temperature of coldest month between -3°C18A@ and
* Warmest month mean temperature < 22°C and
e At least four months with mean temperature oveCléAd

* Dry season in summer.
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Dry definition;
* Not marine and <2.0 * (#7) where

Rm: annual precipitation in cm,;Tannual mean temperature in degrees Celsius
Humid definition;

* Not marine and & = 2.0 * (Tc+7) (Appendix B)

Having those major climate definitions, the nexdpsis thermal zone definition by using
cooling degree day and heating degree day refertsmperatures with the help of the
Kdppen ClassificatiofAppendix C). The USA is divided into 8 climate zsn With sub-

climate zone definitions, seventeen climate zomeseaplained with regards to thermal
criteria and their names in ti@ppen ClassificationAt the end of this research some of

the cities around the world are classified as W8]

The zone boundaries of the CDD and HDD temperataresselected according to the
conditions in the USA, but from previous experieit®ther countries it can be said that
CDD and HDD reference temperatures will be difféfen other countries, for instance for

Europe.
3.2.3New Turkish Climate Classification According to theASHRAE Method

In this chapter Turkey’s new climate classificatiobas been made by using the climate
classification method used for the ASHRAE standafdisdefinitions in ASHRAE 4610
and 4611 for zone and thermal classifications waegrated in Microsoft Excel and the
weather data were taken from METEONORM for each €ibr that classification purpose
precipitation and monthly mean temperature datanaesgled. The method is applied to 51
cities in Turkey. Hourly weather data, includingeeage temperature and precipitation
over 10 years, are used for classification purpos&se problem with using this
classification for Turkey and Europe could be tle¢ednination of base temperatures for
CDD and the boundary of climate classificationcsirthe parameters mainly reflect the
United States of America. The reason to reclasBifgkey’s climate regions according to
ASHRAE classification is to compare it to the olanate classification of the country and
to show the way to present and prepare classiicatiespecially since the classification
that used by TS 825 is not sufficiently detailed
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Some similarities can be seen among some citiesnwlie compare two climate
classification maps of Turkey used for energy shatsl These two maps show the
classification mentioned in TS-825, “Insulation it in Turkey”, and the classification
done by using the ASHRAE Transaction 4610-4611 otktlispecially the cities by the
sea show the same properties in both climate nips.interior regions are divided into
more divisions in the ASHRAE 4610-4611 classificatthan in the TS-825 classification
mainly due to specific geographical characteristiésthe cities. The Mediterranean,
Aegean, Marmara and some parts of the Black Seangeghowed similar characteristics
in two classifications. In the new classificatioonse cities which have extreme climates

can be easily seen. (Figure 3.6)

The new classification made for Antalya, Istanbuld aErzurum indicated that the
classification of these cities seems to be at igjiat climate zones. Antalya, Istanbul and
Erzurum found places in warm, mixed and cold clenadnes respectively, reflecting the

city’s climate characteristics more accurately (fFey3.5).
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Figure 3.5 ASHRAE climate classification of three selectdibs with some European cities.
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1 Yalova 15 Denizli 29 Cankiri 43 Nigde 57 Bayburt 71 Van

2 Kocaeli 16 Mugla 30 Ankara 44 Nevsehir 58 Erzincan 72 Bitlis

3 Istanbul 17 Antakya 31 Kirikkale 45 Yozgat 59 Tunceli 73 Mus

4 Kirklareli 18 Burdur 32 Kirsehir 46 Corum 60 Bingol 74 Agri

5 Edirne 19 Isparta 33 Konya 47 Kastamonu 61 Elazig 75 Igdir

6 Tekirdag 20 Afyon 34 Karaman 48 Sinop 62 Malatya 76 Kars

7 Canakkale 21 Eskisehir 35 Mersin 49 Samsun 63 Adiyaman 77 Erzurum
8 Balikesir 22 Bilecik 36 Adana 50 Amasya 64 Urfa 78 Rize

9 Bursa 23 Sakarya 37 Hatay 51 Ordu 65 Mardin 79 Artvin
10 Izmir 24 Duzce 38 Osmaniye 52 Tokat 66 Diyarbakir 80 Ardahan
11 Manisa 25 Zonguldak 39 Kilis 53 Sivas 67 Batman 81 Aksaary
12 Kutahya 26 Bartin 40 Gaziantep 54 Giresun 68 Siirt

13 Usak 27 Karabuk 41 K.Maras 55 Trabzon 69 Sirnak

14 Aydin 28 Bolu 42 Kayseri 56 Gumushane 70 Hakari

Figure 3.6. New Turkish climate classification according to thassification methods used

for ASHRAE Standards

Sun path (stereographic) diagrams of three seledtess help us to evaluate sun shine
time, solar radiation on the surfaces and sun nigintin according to the seasons. As it can
be seen, sun declination is lower during the wisieasons and higher in the summer
seasons due to Turkey's geographical situation.aRiagg all those variations, design

iImprovements - for instance shading devices, d@at gains through windows, walls and



Climate and Climate Classification 31

roofs - can be formulated easier. For examplestheshines almost at a 90° angle in June
in Antalya, accordingly solar heat gain should bastly received on roofs and the south
exterior wall of a given building, thus, the comstion design and strategies for the roof
and the south wall construction become more imporiasues. Another important
reference derived from sun path diagrams is thesidecfor orientation of a building.
Designers can orientate the situation of exteriallsvaccording to the heat gain and loss

parameters.

In case of cold climates (Erzurum), the south si@fahould be designed carefully with
regards to the maximum solar energy gain duringwtimter, even sometimes during the
summer. Due to this reason the window area ondbthsurface determines the amount of
solar heat gain through the windows, and in sumtherwindows may be shaded to

prevent overheating. (Appendices D, E and F)
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4. Building Energy Standards

The building envelope is responsible for most ef ieating and cooling energy loads that
mainly depend on the structure of the building eeta (walls, roofs, windows, etc.). In

order to minimize those effects on energy use, ésisential to develop or improve building
energy standards which are composed of requiremerasimum and minimum thermal

transmittance values of building envelope elememtd energy efficient strategies for
building envelopes in different climate regionslakge amount of energy savings can be
achieved by applying energy efficient standardst has been shown in many simulations

and improvements of envelopes.
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Figure 4.1:Impact of thermal building code improvements betw&875 and 2000 in Germany (Source:
Franunhofer Institute)

As an example, Figure 4.1 above shows energy leddction after updating thermal
insulation codes between 1975 and 2001 in GermanyGermany a new residential
building in 2001 consumes approximately 30 % of esidential building in 1975,
according to the research done by the Fraunho$gitute. [14]
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In a significant number of countries, energy stadslahave not yet been successfully
enforced, and many countries do not even have aesgg regulations at all. Considering
the number of the countries that do not have aeyggnregulations, the net energy loss in
the World is very high. Having looked at the geheraergy regulation circumstances of
the World, it can be mentioned that some of thentoes became aware tife importance

of building energy regulations very late, excepefien, Denmark, North America, Europe
and some other countries from different regionse fégulations either are not mandatory

or are just for non-residential buildings. (Figdr@) [15]
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Figure 4.2: Status of building energy standards in the Worluf8e: www.deringergroup.com)

Mone

4.1. Building Energy Regulations in Turkey

In this chapter, the regulations with respect tergyn performance of buildings and energy
efficiency in heating and cooling energy consumptioill be discussed. Regulations

regarding energy conservation and saving issuesi@rsufficient or detailed in Turkey.
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Due to Turkey’s application for EU membership, @cent years the country has reviewed
and followed EU regulations and directives for memtountries. Many legislative actions
and energy directives are going to be harmonizedaaapted from EU rules about energy

efficiency in buildings [16].

TS-825 “Thermal Insulation in Buildings”, which km@oe mandatory in June 2000, is the
most important and detailed standard related t@ggneonservation and heating energy

consumption in buildings.
» Thermal Insulation Standards in Buildings, TS-825

TS-825 defines the rules of calculation of heatmgrgy demand in buildings and gives
the reference and permeable values for heatingggnétowever, these rules are not
defined for the buildings which include passiveas@nergy systems. In addition, cooling
energy demands of the buildings are calculateddiyguinternational standard PrEn ISO
13791. The TS-825 standard was prepared by ada@d@®1642 and EN 832 standards to
Turkey’s condition [3].

Energy performance of the different types of buidg, the calculation method of annual
heating energy demand, thermal transmittance “Utas (for walls, floors, windows,

glazing and ground floor) for each region, whichdsfined by using the “degree day
method” in TS-825, and the maximum heating demaaldes according to regions were
described. Both prescriptive and performance basedirements were given (Table 4.1).

The main objectives of the standard are;

- to limit heating energy loads in Turkey in order itaccrease energy saving

performance
- to indicate and determine the calculation mettaouktheir values
- to determine the heating energy consumption dadtieng buildings

- to indicate energy retrofit performance beforergm@vation of a building



Building Energy Standards 35

Table 4:1U” values for building envelope in TS-825 standard

Regions
9 Ground

defined in Walls floor Floor Windows

TS-825 Up (W/m2K) Ur (W/m2K) Uy (W/m2K) | Up (W/m2K)

1.Region 0.80 0.50 0.80 2.80
2.Region 0.60 0.40 0.60 2.80
3.Region 0.50 0.30 0.45 2.80
4.Region 0.40 0.25 0.40 2.80

The monthly outdoor temperature and solar radiatidrich were taken into consideration
in this standard to calculate heating loads ofdmgls, are classified separately according
to each region and month. In addition, maximumihgdbads were given according to the
A/V (Area/Volume) rates of buildings for each regim terms of area and volume (Table
4.2). Having seen the insulation regions in Turkey the A/V rates for each region, the
heating load requirements (reference values ofiigpétads) for the three cities, selected

for simulation in this work, are as follows:

for the A/V value smaller than 0.2stanbul which is in the second region 48 kWh/m?2
Antalya, which is in the first region 27 kWh/m?, arietzurum, which is in the fourth
region 104 kWh/m2. [17]

Table 4.2 Heating energy demands for each region accordifigst825 for lowest and highest A/V rate

et Q’;’ S lforanv >1.05|  unit
O e 27 66 kWh/m2
8.5 21 KWh/m?
(OForme 48 104 kKWh/m2
14.7 33 KWh/m?
Q'oee 64 121 KWh/m2
20.4 39 KWh/m?
O ree 104 175 KWh/m?
33.4 56 KWh/m?
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4.2. Regulations in Developed Countries

Many countries in the World have formulated builglienergy standards by referencing
other detailed standards mostly from neighbor atesmitand ASHRAE fundamentals.
Some countries adapted the rules for developediatds for their climatic conditions and
construction types. For instance Canada, ASEAN tmsand many other countries used
USA standards as a reference. [18]

Turkey has reviewed EU directives and standard9, s&ndards and DIN standards and
adapted them to its conditions. Along with thosamdtions of mostly European standards,
some other standards in the World may have givesraating ideas about the preparation
and measures of energy standards for Turkey, tlmughis work energy efficiency
standards will be investigated in various countimethe World. Generally the prescriptive
requirements (maximum thermal transmittance ofhiéding envelope elements) will be

introduced for most of the selected countries.

4.2.1European Union (EU)

Energy regulations within the European Union (E@yywaccording to the climate and
geographic features of the countries. In most efEbropean countries, energy regulations
are mandatory for both residential and commeraigldings. Many countries adapt their
energy regulations according to the EU directiv@me of the important directives

concerning building energy is the “EU Building EggiPerformance Directive”.

42.1.1. EU Building Energy Performance Directive

The European Union (EU) prepared a directive fomsmber and candidate countries
entitled “Directive 2002/91/EC of the European Rament and of the Council of 16
December on the Energy Performance of Buildingsictwiwas adopted in November
2002 and published in the Official Journal of thedpean Communities. This Directive is
important because it obliges all EU member and iciatel countries to implement various

measures in the field of energy efficiency of bunggs. [19]
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Directive 2002/91/EC of the European Parliament andf the Council of 16 December
on the Energy Performance of Buildings:

The objective of this directive is to promote impements in the energy performance of
buildings within the European Union community, takiinto account outdoor climate and
local conditions, as well as indoor climate reguieats and cost-effectivened3irective

2002/91/EC of the European Parliament and of ther@d of 16 December on the energy

performance of buildings, January 2003ccording to the requirements indicated by the

directive member countries must:

- define a building energy performance calculationthmdology, which takes

national or regional conditions into account

apply minimum requirements for new buildings

apply minimum requirements for large existing bug$ that will be renovated

administer energy performance certification of s when they sold or rented

and implement regular inspection of boiler andcainditioning

According to the directive the building energy pemiance calculation methodology

should include the following aspects:

thermal characteristics of the building (envelopd anternal partitions)

- heating installation and hot water supply, inclgdiheir insulation characteristics
- air-conditioning installation

- ventilation

- built-in lighting installation

- position and orientation of buildings, includingtdoor climate

- passive solar systems and solar protection

- natural ventilation
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- indoor climate conditions, including designed indebmate, in addition building
types should be classified [20]

4.2.1.2. German Regulations

Germany has detailed regulations, named DIN. Geymadopted its first thermal
insulation ordinance in 1977 and reviewed it sevetimmes. In 2001, ENEV
(Energiesparverordnung), a law for energy savirgg meleased, and in 2004 some changes
were made. The requirements for thermal insulatioil heating systems for major
renovations and new buildings are detailed in g It lists both elemental and system
requirements. This energy ordinance saves almdst ®@re heating energy than the old
ordinance in 1977. (Table 4.3) [21]

Table 4.3 Maximum values of the heat transition coeffitgenluring first renovation, replacement and

renewal of construction units

Buildings according | Buildings according
to §1Sect. 1Nr.1 to 81Sect. 1Nr.2

Line Elements According to Maximum Thermal Transmittance
Umax (W/mz2K)
1 2 3 4
la | External Walls General 0.45 0.75
b Nr.1b,dand e 0.35 0.75
2a | Windows
Glass doors Nr.2a 1.7 2.8
Skylights
b |Glazing Nr. 2c 15 No requirement
C | Curtain walls General 1.9 3
3a | Windows
Glass doors Nr.2aand b 2 2.8
Skylights with special glazing
b | Special glazing Nr. 2c 1.6 No requirement
c Curte_un Wa||-S with Nr. 6 Sent 2 23 3
special glazing
4a | Ceilings, roofs and N 4.1 0.3 0.4

pitched roof area
b |Roofs Nr. 4.2 0.25 0.4
5a | Ceilings and walls near to
unheated rooms

b | Or ground Nr. 5a,c, d and f 0.5 No requirement

Nr.5b and e 0.4 No requirement

According to the new energy regulations, thereoiseguirement for thermal transmittance

(U-W/mz2.K) values for the new buildings; howeverstems performance requirements are
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given according to annual primary energy consumgtiovith respect to A/V value
(Appendix G). This new approach for buildings eryepgrformance sets the requirements
for new and old buildings. Thermal insulation regments are explained for two seasons,
in winter and in summer. [22] Turkey adopted sorhéhe DIN regulations in developing

its own standards

4.2.1.3. Swedish, Norwegian and Danish Regulations

Sweden is known for having high quality regulationsh respect to housing standards.
Almost 50 years ago Sweden implemented a thernzallation standard for buildings.

Norway followed shortly thereafter and Denmark aftéy years, and both adopted the
Swedish standards to their own. In “Building Regoless-BBR” the mandatory

requirements and general recommendations for eneare published under the ninth
chapter (Energy Economy and Heat Retention). Is tihapter the building envelope
requirements were given with regards to thermallat®n and transmission losses, air
tightness, ventilation, production and distributminheat. The reason for concentrating on
the thermal loses is the cold climate of Swedere $wedish housing requirements for

new apartments were defined as follows (BFS 20@3].

Table 4.4Maximum “U” values defined in Swedish and Norwagstandards

Sweden Norway
Elements - — —
Maximum transmission coefficient (U-W/mz2K)
External Walls 0.18 0.22
Ceilings Under Roofs 0.2 0.15
Floors next to ground 0.2 0.22
Windows 15 1.6
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Table 4.5 Maximum “U” values defined in Danish standards

Maximum transmission
coefficient (U-W/mz2K)

0.2 (timber frame) 0.3 fg
brick/block construction
0.3 for brick/block

Element

-

External Walls

Ceilings  with  voids

0.15
above
Attic type roofs 0.2
Ground floors 0.2 (timber frame)

0.3 (brick/block)

Windows and Outer
Doors Including 1.8
Skylights

4.2.1.4. UK Regulations

In the UK the standard for the thermal performamickuildings is called “Conservation of
Fuel and Power”. In this regulation there are thd#kerent methods to investigate energy

consumption requirements and envelope requirem€&héese are:

- Elemental Method
- Target U-value Method
- Carbon Index Method

The Elemental Method indicates maximum U-valueghaf building elements for two
different heating systems. Types of heating systexastioned in this standard are “Gas or
oil central heating with boiler” and “Other gasaik central heating, or any electric heating
system or solid fuel central heating or undecidddiermal transmittance values of each
building envelope include the wall between unheated heated spaces, roof attics, walls
and flat roofs [24]. (Figure 4.3)
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0.30 — 027
‘a'\findOW 2" n 29
1 el u.laa U.Ta
0.27 g1—
v |y
4 ] 0.27 4 -
2.0y oor | unheated space 1.5-4 oot | unheated space
v i
0.25 0.22
a) Gas or oil central heating with boiler b) Other gas or oil central heatiogany
electriedting system or solid fuel central
heatingumdecided

Figure 4.3 Maximum U-values using the Elemental Method ia 9K standard

4.2.2.USA (ASHRAE Standards)

ASHRAE (The American Society of Heating, Refrigerating aAd-Conditioning

Engineery was founded in 1894 in New York City. ASHRAE pshes standards,
handbooks, transactions and journals. Having coaapiarto other standards in the World,
it can be easily concluded that ASHRAE is the nuethiled building energy standard in
the World. Thus, many countries referenced ASHRA&ndards in the process of
preparing their own standards regarding the fidlthamting, ventilation, air-conditioning
and refrigeration. Many laboratories, researcherd government organizations have
contributed to the preparation process of ASHRAIMbe Tstandards are periodically

reviewed, revised and published.

ASHRAE Standard 90.2-2001: Energy-efficient designof low rise residential
buildings

One of the standards reviewed for this work isAISBHRAE Standard 90.2-2001, entitled
“Energy-Efficient Design of Low Rise Residentialldngs’. Purpose of this standard is
to provide minimum requirement for the energy eédint design of low-rise residential
buildings. This standard provides three differerdgtimds by which compliance can be
determined for low-rise residential buildings: theescriptive method, performance path
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method and annual energy cost method. In the ppéiser path method, minimum R-
values of elements of the building envelope, theximam U-factors and maximum
SHGC-values for fenestration have been specifibé. derformance path method indicates
the maximum U-value of the building envelope and 8HGC value of glass openings.
[25] (Appendix H)

Some states in the USA have their own standardshwdre more detailed and localized
than ASHRAE. For example California, Oregon andrifip all have very advanced
standards which were developed by using computdmethods. After the energy crisis
in California in recent years, the state reviewssl 2001 standards and released 2G05
Building Energy Efficiency Standards for Residdrdaiad Nonresidential Buildingswvhich
came into effect in October 2005. The ASHRAE Stath@® series are used as a reference

for those states and other countries.

4.2.3Japan and Korea Regulations
* Japan

The Japan Energy Conservation Center (ECCJ) hdspeth the guidelinesDesign and
Construction Guidelines on the Rationalization bk tEnergy Use for Housesnd
“Criteria for Clients on the Rationalization of Eggr Use for Buildings which were
reviewed in 1999. Japan is classified into six aelienregions. The guideline is divided into

these sub-sections:

- standards related to the heat-insulation performariduilding frames: standards
for heat coefficient and standards for heat restgtaf heat-insulation materials are given
and illustrated according to the different resid@nbuilding construction types (wooden,

reinforced concrete and other houses) in this sghen

standards for the heat-insulation performance, etopenings
- standards for ventilation plans
- standards for heating and cooling and hot wateplgygans

- standards for airflow plans
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Maximum values of heating and cooling loads ar® dlsistrated and their calculation
methods described. For example according to thedatd, heating shall be performed by
setting the room temperature at 18°C or higher thedoutdoor temperature at 15°C or
below. (ECCJ) For the cooling load calculation, tbem temperature is set at 27°C or

below and relative humidity at 60% or below. [26]
» Korea

Korea implemented mandatory building energy statwlan June 1992 and referenced
ASHRAE and Japanese building energy standards.{&B4a is divided into three thermal
regions. The thermal insulation requirements wpeeiied for each region with respect to

building envelopes, thermal transmittance, “U-valaed thickness of the insulation [27].

4.2.4 Other Countries

Nowadays many other countries are becoming awatbeoheed to set energy efficient
standards after seeing its benefits for the enwmemt, economy and other benefits. In this
sub-section two countries with hot climates, Egypd Dubai, are shortly examined. Both
countries are situated in North Africa and the MeddEast, where the use of air-
conditioning is very important due to high cooliogds.

Especially the preparation and methodology of thergy standards proposal for Egypt,
which was prepared by a team of scientists andarelers who had many years
experience in the development of building energgndards in the USA and other
countries, can be a reference for the countriesglyn the same region and for the
countries that don’t have detailed standards. Tiepgration process includes surveys of
existing buildings physical and energy use andug® of computer simulations to analyze
building energy performance. A key component ofdbeelopment of these codes was the
use of the DOE-2 hourly energy program. The infdromaobtained from a survey of
building energy use is very useful for defining totgpical buildings for use in computer

analysis. In the conclusion a very detailed stashdar Egypt is proposed [28].

The municipality of Dubai has developed tlefgulations of Technical specifications for
Thermal Insulation Systems and Control of Energyngbmption for Air-conditioned

Buildings in the Emirate of Dubaiwhich became mandatory in 2003. It is adopteanfr
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the ASHRAE standards, since ASHRAE is often used agference. This regulation
contains three chapters, chapter one defines eqgaints of building envelope elements
(roof, wall, glass openings.), the calculation efhload and the design of air-conditioning
systems. Chapter two includes specifications ofntla¢ insulation materials and their
installation. Chapter three gives general infororatabout the regulations. In defining
requirements for the building envelope, the ovdrathsmission coefficient value “U” and,
in addition, for glass openings the shading coieffic “SC” was used. The thermal
transmittance U-value should not exceed the vakleswvn in Table 4.6 Dry bulb
temperature, wet bulb temperature, relative humiglitd other variables were indicated for
heating load calculation. [29]

Table 4Building envelope requirements for Dubai

Building |Maximum transmission Shading

Elements | coefficient (U-W/m2K) ?Sog)fficient

Roof 0.44 -
Wall 0.57 -
Windows 3.28 0.4
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4.3. Conclusions and Discussions

Having a brief review of energy standards of tHéedent countries from different regions
in the world, the impact of building energy stamt¥aion energy consumption can be
judged from their experience of standards over re¢wears. Some research findings and
figures for energy consumption in buildings showttbuilding energy standards are an
essential part of the energy saving issue. Foramt&t the EU investigation into the
implementation of a common building code for Eurap2000 indicates that if the Danish
building codes had been adopted to all EU membentces as a model, a large amount of
energy could have been saved (for some countries than 50%, such as for Portugal and
Italy which are situated in Mediterranean regidfiy(re 4.4) [30].

Comparison of consumption

35m
BConsumption equiv, 1o DK reg
01 BConsumption accord, 1o MS re
e
Consumption
[MWhimta)
204"
154"
104
541
B OK o EL E F IRL | L ML A P FIN 5 UK
KMambar States

Figure 4.4: Energy consumption in EU countries after adjustimg Danish regulations as a model. (Source:

http://europa.eu.int/comm/energy/library)

Although Turkey prepared its standards by reviewkugopean standards, there are some
other standards which can be examined and refede@mmnparing the thermal insulation
standard (TS-825) to some European countries,hiiental transmittance coefficient (U-
value) requirements for new dwellings in TS-825Hailding envelope elements are high,
which results in waste of energy. For example ire@sn, Denmark and Germany thermal
transmittance coefficient U-values for exterior iwadre 0.18 W/m2K, 0.20 W/m2K and
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0.35 W/m2K respectively, while they are 0.80 W/mkK the hottest region and 0.40
W/mz2K for the coldest region in Turkey. Similar cpamisons for glazing, which is a very
important element of the building envelope, canagood illustration of seeing the
differences between standards. The thermal tratesm# “U value” requirement for

windows is 2.8 W/m2K, while under DIN standardsistjust 1.7 W/m2K. Those short
comparisons indicate that the thermal transmittafi¢evalues” of building envelope

elements should be reviewed and updated to reasomalues. In addition, there is no
requirement about cooling loads of buildings in 258it gives Pr EN ISO 13791 as a
reference regarding the calculation of cooling ggpeload, the most important energy
consumption variable for the southeastern and Madmean parts of Turkey. An
overview of the regulations in Turkey and the otheuntries examined is illustrated in
Table 4.7. One of the results of this work indisatigat applying insulation leads not only
to a decrease in heating energy decrease but@aksadduction in cooling demand in hot

climates as well.

In standard TS 825, the calculation of degree daps;h is used for determining thermal
insulation region classification, was not illusedt In contrast, the climate classification

method, for example, is explained very detaileA8HRAE Transactions 4610 and 4611.

Energy conservation and rational energy use ar&elig main problem areas for the
household sector. Because of the quality of thelldws in Turkey, people consume more
energy to reach and maintain the comfort levebrbker to minimize the problems in these
areas, the legislation side of those issues shioell@repared carefully. In 2005, Turkey
published the Energy conservation Ldwn the light of the EU Energy Performance of
the Buildings Directivé After adapting this law, every building will havenergy
certification. Private engineering offices deteredrand controlled by the Energy Ministry
of the country, will be responsible for giving eggrcertifications. Energy certification will
provide an essential amount of energy savings & t¢ontrol mechanism of private
engineering offices works properly. This is duethe fact that, if the standards were not
mandatory in Turkey and would not be attached tp @enalties, then most of the users
would not be aware of possible savings. On therdtlaed after some years during the
utilization, due to the energy prices they wouldefathey would be forced to spend a large
amount of money for renovations. In order to apply energy certification law, similar

programs in some developed countries should be ieeafor instance Energy Star Home
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(USA), R-2000 Certification (Canada), Klima Hausv{&erland), Casa Clima (ltaly) and
Energie Pass (Germany). Some of those progranmeamdatory energy labeling programs
and is expected to be enforced in some of the desntike Germany and Italy, by 2006.
Energy labels are usually given for industrial pretd and household appliances to show
their energy efficiency level, but buildings weteaclassified as products. For instance in
Switzerland they were given European labels from tA“G”. Buildings are labeled and

rated according to their annual energy consumpteiters represent each class.

Energy labeling can be utilized for pre-fabricatettory made) buildings elements, such
as wall, roof and window by treating those elemexstfactory made products. Labeling

may be prepared in terms of thermal transmittattgdlues”.

Even if Turkey has a thermal regulation standaely rstandards can be developed by
using energy simulation tools for different repraséive buildings of the country in
different climates. This different process in pr&pg new energy codes can give more
significant and detailed results that are closeetdity. One of the samples is the Egypt
energy code proposal. In developing energy codethi® country energy simulation tools
were used by experienced researchers. This stardkareloping process can be run

following these steps:

* new climate classification, more detailed variaplle® ASHRAE standard for climate

classification can be a reference,

 energy survey of buildings; this step is basedhanimformation regarding energy use in
buildings (shape, orientation, climate zone, numbeérresidences, heating cooling

equipment, structure, insulation status, etc)

« utilization of energy simulation tools; after caltsng of the data from the surveys a
simulation process close to reality could be adudety using competitive simulation

programs

* having the simulation results, the public shouldif®rmed with respect to rational

energy utilization, energy conservation and thadsdeds for a trail period

 Turkish regulations mostly advocate administratiegulations; methods should also be

investigated and examined
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Table 4.7:Overview of the building energy regulations in sédel countries

Building Envelope Elements

Building Energy Demand

Countries Transparent Opague Heating | Cooling | Total Energy Demand

U Value |[SC (Shading Coefficient)| SHGC (g-Value) U Value Qn Qc Qr

Turkey X X X

Germany X X X

United Kingdom X X X

Sweden X X X

Denmark X X

Norway X X

Japan X X X X

Korea X X

USA X X X X X X

UAE (Dubai) X X X




Description of Model building systems 49

5. Prefabricated Residential Building Systems in SomeDeveloped
Countries and Description of Selected Residential iglding Systems in
Turkey

Two different types of housing construction systevmese selected for simulation purposes.
One is a traditional system, which represents rmbshe dwellings in Turkey and has a
high amount of energy saving potential if it is pedy constructed or renovated. The
second consists of , three pre-fabricated housystems, chosen as the representatives of
new generation housing systems, which are goindotminate building systems in the
future because of their advantages with respedinte, economy and flexibility. Each

system utilizes different building materials. Thésee systems are:
- Interlocking brick system,

- Lightweight steel structure system,

- Aerated concrete system.

In this chapter, after explaining pre-fabricatesidential building systems, energy efficient
and passive housing approaches in developed cestine selected systems in Turkey are
evaluated with regards to their structure and natgerwhich are going to be used as
“reference cases” in simulations. The retrofittedes of building systems are explained in
the next sub-chapters. For “base case” simulatiomdaw types of four systems are
assumed to be single pane.

5.1. Prefabricated Residential Building Technologies, Pssive and Energy Efficient

Housing in Developed Countries
5.1.1Energy Efficient and Passive Housing Approach

Energy efficiency and passive housing are new tdan3urkey, where people generally
look for mechanical solutions for their energy reddwill be informative to investigate a
passive house in this work for a Turkish energyetgan order to introduce passive house
applications in Germany and in Sweden, where chksatre colder and the number of

passive houses higher than those of in Turkey.sHeend reason is to encourage Turkish
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construction, society and organizations by focusimg Turkey’s passive home design
potential as a result of its climate. A passive d®is a house that provides comfortable

indoor climates without using any mechanical heptind cooling.

The definition from thd?assive Haus Institut@ Germany is;

“Passive houses are buildings, whose yearly hediga requirement is so small that
without an active heating system can be heatedXample small heating requirement can

be supplied by supply air

A passive house is also called as “zero energy dioos as “house without heating”
Passive houses are defined by a standard (funttregairements), not by a building

method.

Criteria for passive houses are defined as follows:
*  maximum constant energy load 10 W/m2k
*  maximum annual space energy requirement 15 W/m?2a
*  maximum annual total amount of energy load 42 W/m?2a

In addition to the general requirement of energysconption, envelope thermal
transmittance values for passive houses are afgdated, but these are not mentioned as
mandatory requirements due to the flexibility irchatectural design. According to the
Passive Energy Institute in Germany, thermal trattancte values (U value) of opaque
and transparent building envelope elements (winji®heuld be smaller than 15 W/m2K

and 0.8 W/m2K respectively.
Some of the key elements of passive houses calassfied as follows:
- Super insulation

Passive houses should have effective, continuosslation within envelope without

thermal bridges
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- Air tightness

Another essential approach for passive house désigghtness of the building envelope
due to heat loss through air change. In Germarg,régquirements for air tightness of
passive houses are defined by the Passive Hausit@estor passive houses, the value

should be smaller than 0.6h
- Heat recovery from exchange air
- Maximum solar heat gain. [36]

Finally, design should be done carefully in orderdceive maximum solar heat during the
winter and to block direct solar heat during thenmer, preventing overheating. This is
done by reviewing and determining the amount otihgalemand. Thus, the minimization
of heat loss by reducing uncontrolled air changetight structure and building envelope

enrichment should be considered during the desigise
5.1.2 Prefabricated Residential Buildings

The construction has become more industrialized pgayear due to the importance of
time, economy and quality aspects of buildings.ld&rs do not desire to be dependent on
weather. Accordingly, most of the construction gsx has being carried from the
construction site to the factory. The percentagethef factory process (production)
determines pre-fabrication rate of a constructiBunlding envelope plays an essential role
in estimating energy performance of the buildings)s, quality and applications of
materials have significant influences. This carableieved by using industrialized methods

during the production process in a covered aréaGtary.

Pre-fabricated homes can be classified into foassg#s: manufactured homes, factory
made homes, modular homes and panelized homesbReated construction brings the

following advantages;

-a rational production process, assembly line autiemdike a commodity (for example:

car production)

-time independency, fast production and installatweather independency
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-all elements of the construction system are prodiucea covered area along with the
materials used; this results in high quality

-for mass production it is economic

- prefabricated homes require less heat energy daehigh level of insulation applied in

walls and roof

in addition to these advantages in production @®ceomponents can be supervised with

regards to energy efficiency and performance. [37]

This section will briefly illustrate different kirsdof prefabricated housing techniques,
which represents the last level in prefabricatedishg and some advanced housing
techniques, from some countries. Some pre-fabddateising companies and applications
of panelized systems and unit systems, which reptemost of the modern prefabricated

housing around the world, will be described andweatad in this chapter.
5.1.3 Prefabricated Residential Buildings in Some Develaa Countries

The production process of a factory made homenmslasi to other industrialized goods,
like a car production, which follows a pre-defing@duction process. A significant part of
new prefabricated housing can be divided into nigdes: panelized housing and modular

housing.

Prefabricated housing, so-called factory made mmgyuscan be an important way of
producing new temporary and permanent residentiédibgs, especially for a country like
Turkey, which experiences high temporarily housitggnand after natural disasters and
permanent energy efficient housing demand in géndmathis section of the work
permanent prefabricated homes in some countriesnaestigated with respect to their
energy performance, production process and levptefbrication. These sample systems
are chosen from different regions of the world; iB&any, USA, Sweden, Japan and

Canada.
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5.1.3.1. Germany

In Germany, prefabricated housing builders maiwigaentrate on the energy efficiency of

residential buildings.

Company Wolf has a panelized system with wall panels consisting8 cm thickness
sizes with thermal transmittance (U-value) of a00M//m2K. Another prefabricated
building companyHAAS Fertigbau has an envelope system that consists of walls that
have U-values of 0.155 W/m2K, a roof with 0.13 WKmé&nd windows with three layer

glazing with U-values of 0.8 W/m2K. Both companie® a panelized system.

Baufritz in Germany developed an ecological external watlgbahat consists of wood
shavings as insulation and roof panels as wells Thnovative wall system, 40 cm
thickness, has a U value of 0.13 — 0.16 (W/m2K) Pphnels are carried to the construction

site and assembled there.

A research project from the Technical UniversityMiinich focuses on a prefabricated
building that can be built in 24 hours, thanks d@stfconnectors developed by a research

team in Germany [40].

One of the interesting housing systems in Germarlye LBS System house which is built
by using prefabricated brick elements and moduldéss system uses small traditional
materials like brick but the production processa@l units and modules takes place in

factory not on site. [41]
5.1.3.2. Japan

Japan has one of the most advanced prefabricat®e sectors in the world, especially
with respect to the factory production processy tlge robots to achieve the most rational,
advanced techniques and apply them to produce $anehits of dwellings:

Sekisiu Corp., is one of the companies, that represents this hguysioduction strategy.
The company has two methods of home constructioth Bystems are both made of box-

shaped prefabricated units. The production prosafisstrated inFigure 5.1

One of the systems is called “Unit Housing”, in alniliving spaces are formed by using

prefabricated unit boxes. The boxes are made ¢éedl Fame structure covered by three
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kinds of cladding material compound panels of ahiom plate and gypsum boards,
Synthelite (a compound board made of cement anddwduops) and press-attached
porcelain tiles. Both systems have an 80% factompetion ratio. The company has 14
kinds of basic structural units, with cut units,gla space units, functional units and over-
hung units: there are more than 80 kinds of uAtr transportation of ten to fifteen units
from the factory to the construction site, a crdvgig to seven workers and a crane install

the units in approximately four hours.

The units are tested in the factory in an artificA®ather room with respect to heat
insulation, sound insulation, floor vibration, sweasistance and water proof performance.
This advantage indicates a significant quality ediéhce between prefabricated and

traditional construction techniques.
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e — Attaching the wall to unit

f — installation of units at site
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Figure 5.1 Production and installation process of Sekisapéh) home (a — €)
5.1.3.3. Scandinavian, Ireland

Housing companies in Scandinavian countries arewead as the most energy efficient
and, the prefabricated housing builders are coeceabout energy efficient design and
standards, two essential factors of constructiocabige of the climate characteristics in
Scandinavia. This defines Swedish attitude towaresalential building, energy efficiency
is important for consumers as well as builders. ®higins of the prefabricated housing
industry, had origins date back to the™l&ntury, so that this type of housing now
represents 90% percent of the dwellings in Swedlere are no big quality differences
between manufacturers of homes, since the buildigglations and standards are stringent
in the country. The factory production process vadlocontinuity of construction in
Sweden, where the winter lasts six months, whiclwhg duration construction on site is

not possible.

Reviewing some Swedish housing manufacturers, typest of factory made housing
systems are available; panelized and modular sgstepresenting 76% and 24% of

housing construction respectively.

Top Housing AB is a Swedish company that applies internationajepts. After we
investigated their pre-fabricated home system, as wbvious that the most important
element of the building envelope in Sweden is iaoih. The wall and roof insulation
sizes are 12 cm and 14.5 cm respectively, the mys$tas an insulation layer which
separates the foundation and ground floor as Wéilklps to protect cold air flow from the
ground.
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An Irish company, Scandinavian Homes LTD., is a pany that combines energy
efficiency, Swedish tradition and factory made hogsapproaches together. They build

insulation fitted walls and roof for wood frame divegs.
5.1.3.4. Canada, USA

In Canada and the USA there is a significant nunolbgarefabricated housing companies
representing different kinds of pre-fabricationdtsy from big or small modular homes to
panel homes. In the USA some organizations have beeking on advanced housing
technologies. One of them is PATH (PartnershipAdvancing Technology in Housing), a
public-private organization that aims to acceletht use of new technology to improve
quality, energy efficiency, durability environmehtperformance and affordability of

housing in the USA.

Clayton Homes Inc. is a manufacturer of pre-faltedehomes; their home as a single unit
in the factory. For this system, transportation dhd distance between factory and
construction site are main issues that must beedol®n the other hand the factory
completion ratio increases the quality of the homwsch are built as ENERGY STAR

homes.

Les Industries Bonneville, a Canadian company, yoged module boxes and panels, which
are connected on site according to the plansn&tance a one-story house consist of two

units and a two story home has four units.

Another building system, called “Quad-lock Systens’,an Insulating Concrete Form
System made of Expanded Polystyrene (EPS) tiedigly Bensity Polyethylene (HDPE)

and developed in Canada. Although the Quad-lockeryss not a totally pre-fabricated

system, the energy performance of its building &pee makes the system competitive,
with 3 different structures and “U values” of 0.2820- 0.15 W/m2K respectively.

5.1.4Integration of the Renewable Energies to Residenti@uildings

After reducing energy use through the applicatiberergy efficient design strategies, the
rest of the energy demand can be provided by rdolewenergy sources such as solar
panels, photovoltaic and small sized wind tribures explained in the second chapter of

this work, Turkey has the third largest installatiof solar water /heat capacity in the
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world. However, the architectural integration oheaable energies, such as solar panels,
Is not successful enough, with regards to solaemg@tl. The next planned work after this
will be the integration of renewable energies tduee energy use in residential buildings
starting from the design phase. Combining this m#h the pre-fabrication approach will
be the future of home technology, for which condian time, profitability and advanced

passive design strategies are the most importaturs.

Photovoltaic (PV) integration will be briefly invigated in this subchapter. Roof and
facade integrations represent most of the appbicatialong with some other solutions of
integration for example: wall and balcony. The gnégion of PV elements can be divided
into 5 classes:

-applied invisibly

-added to design

-adding to architectural image

- determining architectural image

-leading to a new architectural concept [38]

Some integration samples from different countriesidustrated pictorially. The countries
that don’t have as much solar energy potential @akély such as Sweden, Denmark or
Germany, have more PV (photovoltaic) applicatiomant Turkey. Thus the application
pictures of renewable energy elements can give sdeas about architecturally integrated
solar elements and encourage Turkish energy soeidty is mostly dependent on fossil

fuel energy sources.
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Canadian Solar Decathlon house.

& Roof integration of PV.

Concordia University and Université de Montréal

University of Michigan, Solar Decathlon house

External envelope integration

University of Maryland, Solar Decathlon house

q
4

U7

¥4 | prefabricated. The yearly solar electricity out

expected to be 48000 kWh. Amersfoort

| Gizezen

from the 19 semi-detached houses with PV is

The roof elements with the PV-modules have been

put

Netherland, Artes Architekten & Adviseurs, Jan




Description of Model building systems 60

The PV-lamella system, yearly solar electrid

ity
output of all the PV-systems in the

'‘Waterwoningen - Gele Lis' sub-project
expected to be 9600 kWh. Amersfoort | —
Netherlands, Atelier Z., Zderek Z.

S

Solgaarden-Kolding Apartments, Solgaarden -
Kolding , Denmark, Roof- and facade

integration. PV System Powefl07

Architect: Kjaer + Tichter A/S

Breisach, Germany. Single family house, Grid
B, || connected. PV system power 5, 4. Type| of
| application sunscreens. PV-integration in this
§| project is facade integration as well as building

element and sunscreen.

¥ Architect: Prof. Thomas Spiegelhalter

Row houses IGA, Stuttgart, Germany and
demonstration houses EXPO 2000, grid-
connected, PV System Power5, 3, Type of

application:sunscreens.

= Architect: Hegger - Luhnen, Schleiff
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Roof renovation, Rappaneck, Germany

The PV-system is fitted on the roof, as well|as
high efficiency solar thermal collector, covered

with transparent insulation. Transparent insulation
Is also used for the fagade. Freiburg, Germany,
residential building, PV system power 4.2, type of
application roof, single crystalline silicon

Architect: Holker + Berghoff, D. Mdller

Haus der Zukunft, Wels, Austria, residential
| building, grid connected, 3, 47 kWp, facade + rpof
application.

Architect: Sture Larsen

Solar low energy house with PV, solar thermal
collectors.Pietarsaari Solar House,
Pietersaari, Finland, residential house, roof
integrated PV, grid-connected, PV system power
2,2 , roof application, amorphous silicon
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5.2. Prefabricated and Traditional Residential Building Systems in Turkey

The pre-fabricated residential buildings selected this research are not totally pre-
fabricated (factory made) systems. They are caflegifabricated systems since the
systems have some factory made components, predtdat wall units, floor units, etc. the
definition of the pre-fabrication level varies amtiog to the system’s construction. Each
selected system represents a unique building epeehdternative (concrete interlocking

bricks, steel skeleton with insulation and aerataacrete blocks).

5.2.1. Interlocking Brick System

The interlocking brick construction system conssdtenterlocking bricks for external and
internal walls and pre-fabricated pre-stressed radollow core panels for slabs (Figure
5.2).

Interlocking wall blocks, which are used for loaglabing walls and non load-bearing
walls, are made of cement, fly ash and aggregdtesy are produced in different size.
Hollow core panels are used for flooring.

Wall units:

a) Load-bearing walls units; consist of concrete magbiocks.
Size; 19cm thickness, 39cm length, 19cm width

b) Non load-bearing wall units; are used for decoeapiurposes.
Size; 9cm thickness, 39cm length, 19cm width

Floor units:

a) “Panelton”; is a pre-fabricated pre-stressed cdechellow core panel. These panels
can also be used as floor or wall panels but mhork, they are used as a floor unit. Size;
15cm thickness, 120cm width and the length of teefs can be determined according to

the project by considering the load-bearing cagacit

In addition to above mentioned units, there are ednforced horizontal and vertical bond
beams, which are created by using special intergclorick units as a permanent
formwork. The size of the heat insulation that sed for walls varies between 6cm and
8cm and for the roof 10cm. [31]
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Figure 5.2 Interlocking brick system, a perspective. (Souiapi merkezi)

5.2.2Lightweight Steel Framed System

The lightweight steel structure system is compadeaisteel skeleton, which is constructed
with lightweight cold-formed steel members, covewith OSB panels (Oriented Strand
Board) from the exterior side of the wall and wllaster board from the interior side. The
system is made up of sheets of 4cm polystyrendatisao applied on OSB panels and
16cm mineral wool insulation sandwiched between (QfaBels and plaster boards; all
installations are equipped between steel studstlawge panels. The roofing structure is
also the same as the wall structure, but with amdit sheeting covered as a finishing
layer. The floor structure is steel stud framing,vehich OSB panels are layered. As with
the wall wall and roof structure, insulation is qgéd between the OSB panel flooring and

the plaster board ceiling. (Figure 5.3) The strreguof selected building envelope
elements are assumed like in Appendi82]
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— Exterior ploster

— Heot insulation plate
— 0SB ponel

— Gloss flbre insulation
— Plaster Plate

— Wall cooating

Figure 5.3: The lightweight steel system, a perspective. (&aukosk yapi)

5.2.3Aerated Concrete System

The aerated concrete system is built by using gasrete (aerated concrete blocks) units

as wall, floor and in some cases roof elementsceSin

foundation and beams at the floor level, on topmiich floor units are installed, the

system is not totally pre-fabricated. (Figure 5H)is

concrete wall and roof blocks covered with cementtar from the exterior and gypsum

plaster from the interior face. Flooring consistsaerated concrete units with 15cm

thickness as well. [33]

has in-situ works, like columns,

system is made up of aerated
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Figure 5.4 A perspective for the aerated concrete systeour(®: YTONGTURK)
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5.2.4Traditional (reinforced concrete) System

The traditional system chosen for simulation repmés most of the dwelling structures in
Turkey, the so-called, reinforced concrete struicgystem. This system consists of hollow
clay brick external and internal walls and the Hiéring skeleton, composed of
reinforced concrete floors, beams and columns. Ba¢hexternal and internal walls are
covered by cement plaster from both sides. Figu¢allbistrates an incomplete reinforced

concrete system with its skeleton and walls buhauit finishing. The other detail is the

typical detail of the floor and wall connection fdine reinforced concrete system.

Significant parts of the reinforced concrete dwejti in Turkey have no insulation. (Figure
5.5)

— Floor cover
— Cement mortar

— Reinforced concrete

Plaster —
— Cement mortar

Hollow Brick

Reinforced C:
Beam

Figure 5.5: Typical reinforced concrete system in Turkey withplasters.
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5.3. Conclusion and Recommendations

Energy efficiency and energy conservation are d¢sggmoblem areas for Turkish housing
stock. The quality of dwellings and their applicatiwithout standards cause waste of
energy, time, and natural artificial resources. Mafsthese problems are determined by
their construction methods and materials, whichmiinly the traditional construction
(reinforced concrete) system in Turkey. Becaus&wkey's quality housing demand in
the future, pre-fabrication methods can be a smtufor building healthy and energy
efficient dwellings in a short amount of time. Ohetother hand, applications of
prefabricated dwelling constructions are economraniass housing. The passive housing
approach, which uses natural resources for enexggsy should also be investigated and,
likewise Turkey’s potential analyzed: users of destial or commercial buildings are
likely to use mechanical solutions even for the lEgsaenergy needs without looking for
natural solutions. As we saw in the simulations enfad this work, natural solutions, so-
called passive housing strategies reduce energydizseatically, especially in extreme
climates. Thus, common user ideas should be brbieacognizing these strategies which
can create more economic and healthier living spdoeaddition, some new technologies
like the shading system are equipped with sensaitssthedule the shading devices which
work according to (depend on) the solar radiationtle transparent surfaces or indoor

temperature.

Pre-fabricated systems, investigated in this chidpden different developed countries, are
good reference points. For instance, the systemm flapan can be one with respect to
production and assembly methods: the other systénsyhich the energy efficiency

aspect is most important, such as in Germany aneld&w are also very competitive
systems regarding their envelope properties, eslbpedor cold climates. These sample
building systems in Germany and Sweden have walttires that give homes a very
thick insulation layer: the optimum insulation tkaess determined for there cities in this
work can be the reference point for Turkey. Thdglrecated systems for some countries
and the systems that selected for this work in &yr&an be summarize regarding their
degree of factory completion, energy efficient dasithermal transmittance values and

insulation (Table 5.1).
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Table 5.1 Properties of th@refabricated building systems for some countries

c
S=|2| 8
('5 (@] (%] o ~~
(SR (O] ® =
= T | £E©
SS|E|ES7| 5
Countries and Building Systems G‘EJ_ 8|8 § § £ ‘—E
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Traditional - | — 165 | —
Turke Interlocking Brick 40%| X 0,31 X
Y [Lightweight 40% | X| 017 | X
Aerated Concrete | 50% | — 0,87 | —
Germany | Panelized 70% | X | 0,13-0,20 X
Factory made 90% | X NA X
USA, Canadg Panelized 70% | X NA X
Semi-prefabricated| 50% | X | 0,15-0,28 X
Scandinavia Panelized 70% | X NA X
Modular 70% | X NA X
Japan Factory made 80% | X NA X

- Applicability of New Techniques in Turkey (discusion about the economy, climate
and stability)

Applicability of new pre-fabricated systems men&dnin this chapter in Turkey can be
successful, if the public is given information abpue-fabrication. Prefabricated housing
has a negative stigma in the Turkish community tlua lack of information and bad
applications after large earthquakes in TurkeysThiroduction of pre-fabricated systems

should include these aspects:

- Pre-fabrication is not always applied for temporauldings, but also permanent and
high quality buildings. The lzmit earthquake in 99@&as very bad advertisement for
prefabricated homes, since those that were buiér ahe earthquakes as temporary
prefabricated dwellings were of poor quality andl lranegative influence on the users

and Turkish public opinion.
- definition of prefabrication,

-energy efficiency, energy efficient pre-fabricatesimes
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-economic efficiency
-technology level for the production process

Regarding integration of renewable energies, inlting term PV applications could also
boom in Turkey like solar thermal panels if thecps of PV are affordable. It is very
essential to investigate profitability of renewableergies in general and PV application
specifically. This may be assessed by either differsimulation programs or site

measurements, choosing different climate regionBuokey as prototypes.
- Some General Proposals of Prefabricated Energy Effient Residential Buildings

Prefabrication is more open to innovations thaditi@nal systems. Innovative solutions
can be developed to minimize the energy loads ddlldwgs. For instance portable walls
which work as a thermal mass or include some sigadientilation ideas, prefabricated
glazing units integrated with factory made panelsidts, thick hollow brick wall panels,
through which pipes runs to cool the buildings lmcudating ground water and panel
connectors - these are all very important for tisa&ing and flexibility factors of the

building construction.

Portable thermal mass walls: Pre-fabricated mabigemal mass walls may be applied to
store hot daytime temperature and for cold clim&te®lease stored heat into the room at
night. It can be called as “Mobile Tromble Wall”

Brick blocks for hot dry areas: Hollow brick bloekements with a minimum thickness of
40 cm can be used for the building envelope andl igollow brick performs well with
regards to cooling loads. In addition, further aoglcan be achieved by running pipes
through these brick blocks through which groundewatrculates.

Innovative connectors for panels: Some innovati@me being made by different

companies for quick pre-fabricated panel connectors

New sandwich panels or boxes that contain all sesvi After assessing the energy

performance of the envelopes, wall or unit elemeats be proposed for every climate
type.
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6. Energy Analysis of The Sample Building Systems inurkey

6.1. Methods

The dynamic Transient System Simulation programN$KS), which was developed by
University of Wisconsin, is used to simulate andlgre the thermal performance of the
selected residential building systems. TRNSYS tsaasient system simulation program
with a modular structure where each component ssrdged and written in FORTRAN
language. Some of the utility programs of TRNSY8 BREBID (building description
program), ISIBAT, TRNSED and TRNSHELL.

PREBID: building envelope definitions (wall, groynaof, floor structure, orientation of
the envelope and their size), part of the simuhlattrategies and orientation information,
in short, all building descriptions are definedtiis TRNSYS utility program. Firstly, the
(*.BUI) file is one of the components of the buildi description, in which geometry and
thermal properties of the building are creafEBRNSYS Manual)his file is processed by
the program BIDWIN, which uses information in theBUI) file to generate two new
files: (*.BLD) and (*.TRN). (*.BLD) is a file contming geometric information about
building and the (*.TRN) file contains ASHRAE trdesfunctions for the walls. BIDWIN
generates an information file (*.INF) which indieatinputs and outputs of a multi-zone
building model (TYPE 56).

In the definition of building envelope materialbete is a material library in this multi-
building zone component. New materials can alsddfmed when the user enters required
values for materials. Ventilation, cooling, heatimgfiltration and internal gains (number
and activity of residents, electrical devices, apues etc) are some of the variables that
can be defined in this program. It takes the nmdtie building description and integrates it
into the ISIBAT program as a component to run theutation. There are significant
numbers of outputs in PREBID program that are eeldab energy use, heat gain and loss,

air temperature, relative humidity, etc.

ISIBAT is a general simulation environment programhich houses the TRNSYS

simulation engine and most of the stand-alonetyifilfograms. In this program a graphical
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interface is created by the user and contains -ocdenected components to run the
simulation. Some of those components used in tlik\sre Type 9d (data reader which
contains weather data), Type 16 (solar radiaticocgssor; the orientation information,
latitude and other inputs related to radiationgiven in this component), Type 69 (fictive
sky temperature for long-wave radiation exchanggpe 33 (dew point temperature and
relative humidity), Type 56 (multi-zone building)rinter and monitor components. More

components can be added according to the simultgaiores. (Figure 6.1) [34]

4
TYDPERZe 5
TYPEIS
=
TYPESS
o
i
TYPESTH
i
TYPERL-2 r ' Erpedfd
— —
TYFEIS 1
3 ¥
2 =
& 4 TYPER-3
TYPE:
L 1 4
£ £ f
E &
TYPER TYPER-]

Figure 6.1 TRNSYS simulation window interconnected compordiBIBAT)

The weather data are obtained from METEONORM, aoretogical database for energy
applications, which has over 7400 meteorologicatiats worldwide, including many
cities in Turkey and the cities used for the sirtiales. METENORM can provide very
detailed hourly (8760 hours in a year) data, fradiation to precipitation values, in
different formats. The TRNSYS weather format isduger the simulation purposes and
includes average data from a span of 10 years lan sadiation (global, beam radiation

and diffuse radiation), relative humidity and anmbieemperature.
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6.2. Climate and Geographical Characteristics of the Sekted Cities

Three cities - Antalya, Istanbul, Erzurum — eacpresenting different climate zones in
Turkey, are selected for the energy simulation ashgle building systems. The hourly
annual weather data is obtained from the METEONO#BRMyram as a component of the
simulations; however, in this sub chapter gendralate and geographical characteristics
of the three cities are examined and illustrategblically [35].
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Figure 6.2: Climate characteristics of Antalya

Figure 6.2 above shows maximum, minimum and aveegagiient temperatures, relative
humidity and precipitation for each month in An&lyoth the Aegean and Mediterranean
regions of Turkey have a typical Mediterranean atien mild winters and hot summers.
Antalya’s rainy season is in the winter, from Oaplo April. In the summer rainfall is
quite low in contrast to the winter. The total ambaof yearly rainfall reaches 1079 mm.
The average mean temperature during the summe8 RC2and in winter does not fall
below 10 °C. The maximum temperature can increasé0fC in the summer, and the
difference between maximum and minimum ambient eatpre is approximately 20°C.

Relative humidity is generally around 55% and 60%.
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Figure 6.3: Climate characteristics of Erzurum

Erzurum is the one of the coldest city in Turkegduese of its geographical characteristics.
The city is located on a high plateau, with antadie of 1823 m. The winters are very cold
and rainy; the average winter temperature doeseroted 0 °C. The minimum winter
temperature can drop to approximately -30°C, angnewm the summer the minimum
temperature is not over 5°C. Summers are mild atlaverage temperature of 20 °C. The
city receives rainfall throughout the year, and kighest amount of rainfall is between
April and June and reaches over 60 mm. August @asdifiest month of year. Relative
humidity varies between 60% and 70% throughout/tae (Figure 6.3).
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Figure 6.4: Climate characteristics of Istanbul

Istanbul receives rainfall mainly in winter but @lshroughout the year due to its
geographical situation; it is surrounded by threassand has a Black Sea coast. Generally,
rainfall appears between September and April; igadst amount of rainfall is over 100
mm in the December. The driest season is summegnwhonthly mean temperature
doesn’t exceed 25°C, and in winter the temperatiftween 5°C-10°CThe difference
between maximum and minimum ambient temperatureely 15°C. In winter the
temperature can fall below 0°C but not less thaiC-9n addition, the climate is also

influenced by the city’s structure and planningy(Fe 6.4).

Table 6.1Altitude and geographical situation of the cities

Cities ';E (')%gt . Latitude | Longitude
level [m]

Antalya 0 36.53 N 3042 E

Erzurum 1823 39.57 N 41.17 E

Istanbul 2 41.02 N 28.57 E
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Antalya lies in the Mediterranean region of Turkand is surrounded by high mountains;
however, the city is situated at an altitude of CBrzurum is situated at an altitude of 1823
m at the foot of Palandoken Mountain. The cityhis largest city in the eastern Anatolian
Region. Istanbul is one of the most populated <iiie Europe, connecting Asia and

Europe. The city is surrounded by the Black SeaMardnara Sea and has an altitude of 2
m (Table 6.1).

M Antalya O Erzurum B Istanbul ODortmund

240

220 4

200

180

160

140

120

100 A

80

Global Horizontal Radiation [kWh/m?]

60

40 A

20

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Figure 6.5: Global horizontal radiation in Antalya, Erzurumstanbul and Dortmund

Figure 6.5 above shows solar radiation intensibéshe three cities in Turkey and
Dortmund. All cities, including the coldest city ifurkey, have higher solar intensities
than Dortmund. As seen in the graph, Antalya has Highest solar global horizontal
radiation, thus, the primary goal of building desighould be to lower solar heat gain,
while using maximum solar heat gain as much asilplessn Erzurum is the best solution
for this heating dominated climate. In summer Istdrhas almost the same amount of
solar intensity as Antalya. During the winter saladiation is almost one-third of that in
the summer for Antalya, however for the other siterzurum and Istanbul this ratio

changes to 1/3 and 1/4 respectively.
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6.3. Building Model

The model project is chosen as a two story muitifig building (Figure 6.5). Each story
is divided into two thermal zones named Room f{R¥E), Room ground (RGR), Saloon
first (SF), Saloon ground (SGR), due to their aagions, type of use and the amount of
thermal mass internal walls. Both zones are sepditay a common load bearing wall and
have different usage: a daytime and a nighttime Uiée long surfaces of the model
building are faced northeast and southwest. Fleayht is 2.80 m. Total internal wall area
is 165.36 m2, mostly within the RF and RGR zondse Timensional properties of the
model project are given in Table 6.2. Plan andatlens of model building is given in the

Appendix L.

This prototype project is applied for all selecstems in order to accurately compare

their thermal performance. In the simulation pre¢céise materials of the envelope systems

| 4

Zone RF

are varied according to the systems.

! Zone SF

Figure 6.6Floor plan of selected building model for simubas (Source: Yapi Merkezi)
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Table 6.Z0me geometrical dimensions of the model building

Floor Area (m?) 157.32
Volume (m?3) 440.5
A/V ratio 0.36
External Wall area (m?2)-without windows 189.85
o SE Wall 32.88
o SW Wall 63.12
o NE Wall 58.09
o NW Wall 35.76
Internal wall area (m?) 165.36
Window Area (m?) 15.12
o SE Windows 5.76
0 SW Windows 0.72
o NE Windows 5.76
o NW Windows 2.88
Wall/Window ratio (%) 7.3
o SE 14.9
o SW 1.12
o NE 9.02
o NW 7.5
Roof Surface Area (m?) 90.06
- NE 45.03
- SW 45.03

6.4. Strategies and Assumptions for the Simulations

Thermal modelings of four residential building et were based on some assumptions.
Simulations were performed in two phases, “Refezarase” and “Improved case”. Firstly,
the reference cases of systems were determinediandations were carried out. In the
second phase, all energy efficient design strasegied improvements were applied to
compare and see energy saving performance of ttersyg between the reference case and
the improved energy efficient case. Having the ltesaf both simulation cases, two main
comparisons were made: the cooling and heatingggraemand of each building system

in the three cities.

The second comparison between the building sysienwsindicate the exact temperature
over 26 °C and for cold climates the exact tempeeabelow 20 °C, along with ambient

temperature, which gave us a picture to evaluae#érformance of the building envelope
of each system and the energy efficient designtegfies. The design strategies are

investigated one by one in order to show theiwuigrfice on the energy saving performance
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of the building systems. The improvements of theteays for each city (climate) differ
with respect to some strategies. For instancehis work for Istanbul, Erzurum and
Antalya different orientation strategies were ushkee to their climate characteristics.
Those strategies are shortly defined by the follmmjraphics. The improvements were
applied for both in PREBID and ISIBAT accordingthe variables.

“Reference case” strategiesHeating and cooling reference temperatures drats20°C
and 26°C respectively for all zones. Gains are idened as; four people use the zones in
the given time schedule. The air-change rate suatied/estimated as hygienic ventilation
of 0.7"during the day and night, which is calculated adirgy to the DIN 1946-T2 (30 m3
per person). The ASHRAE 2001 fundamentals definedtilation air requirement for

houses, essentially 035vith at least 8L/s per occupant.

“Improved case” strategies For improved cases the nighttime set up heatiragegyy was
applied during the night between 24:00 and 08:0r$1oThe heating temperature was set
at 18°C (night) and 20°C (day), and the coolingerefice temperature remained the same
as in the reference case, 26°C. Thest important goal of this thesis was to compare
energy performance of the selected building systé&osordingly due to that reason some
internal gains from appliances, computers etc. doahot have a significant influence on
energy use for such a model are not considerdukisgitnulations.

In the improved case, window sizes are decreasad .44 m2 to 1.2 m2 for Erzurum in

order to minimize heat loss through the transpaspehings.
The user schedule is defined equally in both tfereace and improved case as:
- for both RF and RGR zones: 4 people between 2316M8&:00

- for both SF and SGR zones: 2 people between 08t@@2:00
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Figure 6.7: Ventilation strategy for Antalya in the improvease (Night Ventilation)

As seen in the Figure 6.7 the ventilation stratiegyAntalya is set up as night ventilation
to get cool-night ambient air inside by opening alu$ing the windows. It is assumed that
the windows are opened during the night betwee@®and 08:00 with an air-change rate
of 5", if the room temperature is greater than the ambiemperature and the ambient
temperature is higher than 20°C. In addition, tbat¥ation rate remains constant during
the day with a rate of 0™7to supply hygienic air for residents. As it isuitrated in the
graphic, between 08:00 and 22:00, only a hygieiticleange rate of 07is applied. The
reason for choosing night ventilation was the hadgytime ambient temperatures in

Antalya.

For both of the heating dominated citiestanbul and Erzurum, the same ventilation and
infiltration strategies were assumed in the simoiet. The strategy was considered as
follows: if the room temperature is greater thae #mbient temperature and over 25 °C,
the building is ventilated by half-opened windowi¢hvan air change rate of'5otherwise,

just the infiltration rate stays with the valueOo?™.
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Figure 6.8: Shading strategy of the improved case for Antalya

In the regions with hot summers, a climate like alysa and other southern regions,
shading strategy is a very important energy sawlgment. The strategy chosen for
Antalya depends on global radiation and ambientpzature, a mathematical equation
representing the shading device is set up in tHBA® program. Boundary ambient

temperatures were selected as 10° C and 23 °Chairdntatch of global radiation values
of 120 W/m2? and 250 W/m? (Figure 6.8). Thus, if a&enlb temperature is between 0°C and
10 °C and global radiation is more than 250 W/m?ghading device will be closed. In the
simulations that were carried out for Istanbul d@urum, no shading devices were
applied because for those climates cooling loadsewamall in the reference case

simulations.

Figure 32 shows heating and cooling strategies usenulations for Antalya. Cooling is
going to be applied after the room temperaturelreaover 26°C, and heating is activated
when the room temperature is under 18°C betweed+&@0 during the nighttime set up;

during the day the heating reference temperatwetisp as 20°C (Figure 6.9).
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Figure 6.9: Heating and cooling strategy for Antalya in theproved case (with nighttime set up)

Heating and cooling strategies for Istanbul anduEnn:

- cooling will be activated when the indoor operatieenperature is higher than
26°C,

- the zones will be heated if indoor operative terapee is lower than 18°C

Constructional properties for each system beforkadter improvements are presented in
Appendix J and K. The criteria for selection of g#ystems are;

* One of the thesis goals is to analyze energy pedoce of the prefabricated
residential buildings in Turkey and compare it wigimforced concrete residential
buildings. The yearly housing demand in Turkeylmast 300.000 according to
the government report in 2002. Thus, the countgdedast, economic and energy
efficient housing stock, prefabricated systems sapply these 3 requirements.
Three prefabricated systems have many applicabbmew housing projects in
Turkey; therefore it will be useful to investigati@ese systems regarding their
energy consumption. In addition, among the pretabeid residential building

systems these systems share first three places.



Energy Analysis of the Selected Building Systems 81

A significant number of the residential buildingsTurkey is reinforced concrete
buildings and not insulated. Thus, improvement loé treinforced concrete

residential building systems is an essential tagk mespect to energy saving and
conservation.
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6.5. Analysis of the Simulation Results

The simulations of four different residential bunlg systems were performed with respect

to different aspects of energy use and thermabpadnce:
- Analyzing the results with regard to heating andliog loads

- Analyzing the results with regard to number of zee@peratures over 26°C and below
20°C

- Analyzing the results with regard to building penf@nce on the hottest day of year
- Analyzing the results with regard to different dgsstrategies

The traditional System, which represents most efrésidential buildings in Turkey and is
generally built without insulation, shows the wopsrformance in both the hot region
(Antalya) and the cold region (Erzurum): especiallf{erzurum the heating requirement is
almost two and a half times the maximum requirementurkish Standard-825. Other
prefabricated systems perform better than traditiosystems before and after the

improvement of the systems.

Primary energy is calculated according to the DI04 It is overall energy, including the
energy used to generate the delivered energy @maigy) and to transport it to a building.
The factor for multiplication with the deliveredeetricity is based on a country’s energy
mix for generation of electricity. Energy deliver&al the building, like gas, oil or other
fuel, electricity, district heat etc. Effective e€gg is the amount of energy which has to be
provided by the technical systems in order to 8atlse needs of the rooms. [46] (Figure
6.10). The TRNSYS simulation results give buildiexgergy use. Primary energy source
for heating is natural gas, for which primary enefactor (f) is 1.1, and the loss during
the distribution of energy to the building is 15% delivered energy (final energy).

Primary energy source for cooling is electricitytwprimary energy factor of 2.9.
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Figure 6.10Primary, delivered and effective energy (Sourcevwauleb.info)
6.5.1 Analysis of the Results with Regard to Heating an€ooling Energy Loads

In hot climates like Antalya, all systems have gigant amounts of cooling loads. The
reference simulation highlighted the interlockingck system and lightweight steel
skeleton system, which accommodate insulation drmvsbetter performance than the
systems without insulation, the aerated concretgesy and the traditional system.
Although the most important issue for Antalya isolony, heating demand for the
traditional system exceeded the maximum requiredusatnmentioned in TS-825 standard
in the reference case simulation. Surprisingly, libletweight system showed the second
best cooling and heating energy performance dfieririterlocking system because of its
lower thermal transmittance features, which resulh minimum heat gain and heat loss
(Figure 6.11).



Energy Analysis of the Selected Building Systems 84

B Heating Loads [kwh/m2a] O Cooling Loads [kwh/m2.a] ‘

140+

120

100 611

Max. Heating requirement according to TS-825 (54,68 kWh/m2.a)

o)
o
L

47.8

[e2]
o
L

447

445

N

70.0]

45.8 9.7
9.4

N
o
L

8.8 325 6.8

Energy Demand (Primary Energy) [kWh/m2.a]

15.0 18.0 21.2 13.1
0
Reference | improved | Reference | improved | Reference | improved | Reference | improved
Case case Case case Case case Case case
Aerated Concrete Traditional System Interlocking Brick Leightweight System
System System

Figure 6.11:Energy loads (primary energy) in Antalya before aftdr the improvements

After applying energy efficient strategies - indhugl ventilation, shading, insulation and
different glazing types — the cooling and heatingrgy demands sank dramatically for all
building systems. Improving reference systems guéid the highest energy use decrease
in the traditional system and the aerated con@gséem. The decreases in heating loads,
due to the application of a 5 cm thick insulationtihe improved case and some design
strategies, are (from 70 kWh/m2.a to 18 kWh/m2@r&0% in the traditional system and
over 60% in the aerated concrete system, whicmdeuthe required load required in the
Turkish standards (54, 68 kwh/m2.a). Energy useHerother two pre-fabricated systems,
the interlocking brick and the lightweight systeasmreduced by almost 50 % and had 60 %

respectively

Advanced design strategies are mainly applied wetocooling demand for Antalya. In
such a climate this is more important than heatiegnand, which is why design strategies
resulted in large decreases in cooling demand Hosyatems, especially in traditional
system with more than an 80% decrease. It can beluaed that thermal mass systems
with a small insulation size can perform betterf@@nance with regards to cooling and
heating loads without having any improvements. dldly applied design strategies have
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influence in decreasing energy use, but also thletraasmittance values of the building
envelope limit heat loss and gain. Thus, the lighght system indicates best performance
even in a hot climate with the help of shading high daytime ventilation, which blocks

solar heat gain through the windows during thealay exhausts hot air during the night.
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Figure 6.12:Energy loads (primary energy) in Istanbul beford after improvements

In moderate climates like Istanbul, due to the colieiters, heating loads are more
important than cooling loads. In the reference t¢amesystems, the interlocking brick and
lightweight steel systems, show the best performamegarding heating energy, thanks to
their insulation. The interlocking brick and thgHtweight systems had heating energy
savings of 57% and 68% respectively after modificatof the reference building. The
other two systems exceeded the maximum standanek vail heating energy demand
mentioned in standard TS-82A.the simulation process, installation of 5 cnuiasion for
both the aerated and the traditional systems esbult a large heating demand decrease
(from 167 kWh /m2.a to 53 kWh /m2.a). Heating eryesgvings of 70% for the aerated
system and 67% for the traditional system wereeasd. Especially applying small sized

insulation to the aerated concrete resulted inifsogmt energy savings. All systems
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achieved more than a 50% cooling load decreasetréiotional and interlocking brick
systems had the lowest cooling loads out of the $gatems (Figure 6.12).
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Figure 6.13: Energy loads (primary energy) in Erzurum before after improvements

Erzurum, which is situated at an altitude of 1800has a very cold climate. Accordingly,
almost all systems, with the exception of the ioteking brick system, failed to meet the
standards under the TS-825 heating energy requitenviich was defined for Erzurum in
the reference case. Even in the improved casefréuitional system is close to the
maximum reference heating demand. Although the isityoo cold important heating
energy savings are achieved close to 60%, by applyew design strategies; especially

the impact of insulation on heating demand wasifsogmtly effective.

Heating loads sank almost to one-third of the sfee case demand after improvements
for all systems except the interlocking brick systen which heating loads decreased just
50 kWh/m2a one-third of the heating load. Insulatior the traditional and aerated
concrete systems has the greatest influence amitienization of heating demand because
of the climate conditions in Erzurum. Having regatdo very few cooling dominated

days, the lightweight system shows the worst perémrce with regard to cooling demand.
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This is a consequence of the transmittance praseofi the building envelope, which is not
thermal mass and has the smallest thermal trasmodtvalue out of the four systems.
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6.5.2 Analysis of the Results with Regard to Zone Tempetares Greater Than 26°C
for Improved Systems

The second general evaluation of these systemsnadse by comparing the temperatures
that exceeded 26°C for the three climates for ogdibad evaluation. The results represent
the temperatures without considering mechanicallimgpoor heating, so-called, free
running temperatures. In addition, the systems bancompared with respect to
temperature frequency higher than 26°C as a réseiltapacity of cooling systems can be

deduced from those charts.
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Figure 6.14: The RF-zone temperatures greater than 26°C in yant(alfter improvements)

In Antalya, the temperature range for the interlockimgck system and the traditional
system, both thermal mass systems, is between 26dQ@9°C. The temperatures generally
concentrated between 26°C and 27°C, which are dlmsbe reference temperature for
cooling. On the other hand the lightweight systamd ¢he aerated system have higher
temperatures than those two thermal mass systeorsseGuently, those systems need
more cooling energy to reach the comfort levelwsssee in the chart, the aerated concrete
and lightweight systems have greater temperatuieufations between 26°C and 31°C.
The higher the temperature is, the higher the nganergy it needs. (Figure 6.14)
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After improvements, the difference between the ambitemperature and the indoor
temperatures for the systems increased all syssmowed better performance than in

reference case.
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Figure 6.15: The RF-zone temperatures greater than 26°C in &nzur

In Erzurum, the temperatures exceeding 26°C areasohigh as in the other cities;
however, the systems do have cooling demands foe stays of the year. The lightweight
system shows the worst performance regarding apatiads in Erzurum, although just
140 hours in a year are over the 26°C referenceeaesture, while the other systems have
fewer temperatures exceeding 26°C (Figure 6.15adbfition, the number of temperatures
lower than 20°C can give significant informationasses how important the heating needs

are.
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Figure 6.16: The RF-zone temperatures greater than 26°C indstan

Istanbul lies in a moderate climate; differencesveen systems can be seen more clearly
than that in the hot climates. The fluctuationerhperature does not change itself, but the
temperatures exceeding 26°C are higher in thewigigiht and aerated concrete systems
than in the interlocking brick and traditional sysis. The temperature range was mainly
situated between 26°C and 28°C for the interloclngk and traditional systems, while
for the lightweight and aerated systems temperdtuntuates between 26°C and 30°C.
Both the lightweight and aerated concrete systemse thigher temperatures than the
interlocking brick and traditional systems they své&etween 28°C and 30°C. This means
more energy efficient improvements are neededhesd systems in order to decrease the

temperature to an adequate level (Figure 6.16).
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6.5.3Analysis of the Results with Regard to Zone Tempetares for Improved
Systems on the Hottest Two Days

- Hot Climate (Antalya)

Some of the general simulation results for a hohatle are as follows: the first floor is
warmer than the ground floor. All systems exceetthedcooling reference temperature of
26°C in Antalya due to the high ambient temperatiaring the night, temperature
difference between the zones was lower than dutiregy day because of the night
ventilation until 8 o’clock. Consequently, the zaeenperatures increased after 8:00 am.
The zone temperatures do not follow the ambienp&ature curve thanks to the shading
strategy and the help of the thermal mass intesadlls, which had a large influence on
keeping the zone temperatures almost constantghout the day. The zones that have

more internal walls have a cooler indoor climatantithe zones without any internal

partitions.
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Figure 6.17: Temperature of the RF-zones (Room first floor)tba hottest day in Antalya for all building
systems

Figure 6.17 illustrates the temperature compariebrihe RF-zone (Room first zone)

between the four residential systems on the hottagtof the year and on the following
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day (July 21 and 22) in Antalya. The interlockimick and traditional systems reach their
peak temperature value at night; mostly becausieeoheat storage capacity of the thermal
mass construction. The solution for this problem ba clearly seen in the graphic night
ventilation should be applied after 22:00. to cdolvn the rooms. During the daytime, the
lightweight system has the highest temperaturéoi@d by the aerated concrete system.
However, the temperature difference between thesysis not as high as that in Istanbul.
The impact of night ventilation on the zone tempeevaries between 1°C - 3°C for the

zones with thermal mass internal walls, while ities between 2°C and 6°C for the zones
without thermal mass internal walls. The maximuniydRF-zone temperatures do not

exceed 30°C. The temperature difference betweeneamtemperature and the highest
room temperature is approximately 10°C, when thdianmt temperature is at the peak
point of the day (14 o’clock).
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Figure 6.18: Temperature of the SALF-zones (Saloon first floon) the hottest day in Antalya for all
building systems

Figure 6.18 highlights the temperatures in the S&bRes, which have no internal thermal
mass partition walls like the RF-zone. Both the LFA and “SALGR” zones, which
represent saloon zones in the first floor and gdoflmor, have higher temperatures than
the room zones the smaller internal thermal masttipa walls lead to the higher daily
temperature.
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The lightweight system has higher temperatures tharother three systems because the
system can not absorb the heat during the day a$ ras the thermal mass building
systems. On the other hand it shows better perfoceat night. It is important to use
heavyweight structures in such hot climates. Thé daom temperatures vary between
34°C and 27°C for these two hot days, while dutimg night all four zone temperatures

are almost equal to the ambient temperature.

The traditional system showed one of the best padoces with regards to zone
temperature, which lies 10°C under the ambient &xatpre. The zone temperatures vary
within the limit of 4°C. The zone temperatures astween 29°C and 26°C, while the
ambient temperature is at the peak point of 40°That’clock

The zone temperatures of the aerated concretensydte not exceed 34°C, while the

ambient temperature varies between 40°C and 3880t éan clearly be seen, due to the
night ventilation the zone temperatures at nightrel@se drastically by the ambient

temperature, which is also over 26°C, the coolefgrence temperature at that time. The
temperature difference between ambient and zonpaeatures fluctuates between 8°C and
10°C.
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- Moderate Climate (Istanbul)
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Figure 6.19: Temperature of the RF-zones (Room first floor) loa hottest day in Istanbul for all building
systems

Although in simulations, there is no shading dewdoasidered for Istanbul, for some days
it could be considered in order to lower solar lggah through the windows. The day time
temperatures of zones indicate that the heavywsigitture keeps the rooms cool. On the
other hand, it lets the stored heat out into them® in the night, thus, the zone
temperatures are higher than the ambient temperaiire RF-zone temperatures of the
systems between during day and night vary betwe&&h53C. The night ventilation
strategy is not used for Istanbul, but rather fdatad as follows: if the ambient
temperature is lower than the zone temperaturetladone temperature is higher than
25°C, then the zone will be ventilated wit. 'hus, the worst case of room temperatures
will be equal to ambient temperature, and it wélzar be over ambient temperature. In this
moderate climate of Istanbul, the RF-zone tempegatfluctuate in the context of 24°C
and 30°C, while the difference between day andtraghbient temperatures is 10°C. RF-

zone temperature fluctuations of the four systemss lghtweight 24°C-30°C, aerated
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concrete 25°C-28°C, interlocking brick 25.5°C-2728@d the traditional system 25°C-
27°C. (Figure 6.19)
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Figure 6.20: Temperature of the SALF-zones (Room first floamtbe hottest day in Istanbul for all building
systems

The figure represents the hottest day in Istanthuls, daytime room temperatures are
closer to the ambient temperature. Even if thethgight structure does not have a large
thermal capacity the zones RF and RGR have moesnilt partitions On these hottest
days, the minimum night ventilation can help toyide more comfortable indoor spaces
as seen in the graph. However, it is normally netessary to use night ventilation in
Istanbul.

The temperature difference between day and nigietifates between 10°C and 8°C, the
SALF-zone temperatures vary within the limits ofC3and 7°C, generally below the
cooling reference temperature of 26°C. The higlubsinge is seen in the lightweight
system.

The figure demonstrates how the reinforced condoeikling can maintain comfortable

indoor temperatures in Istanbul. In the morning ahdight, the zone temperatures are
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lower than 26°C due to night ventilation. In thet ldaytime, the windows are closed to
prevent hot ambient air from entering the roomsaddition, with the help of thermal mass
walls the daily temperatures of the zones are apiately 2°C lower than the ambient

temperature (Figure 6.20).

- Cold Climate (Erzurum)
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Figure 6.21: Temperature of the RF-zones (Room first floor) loa hottest day in Erzurum for all building

systems

The RF zone temperatures of all systems in Erzigliow a constant trend during the two
hottest days of the year. Despite that Erzurumahiasge temperature difference between
night and day, which can reach a difference of 285Csome days, even on the hottest
day. At night the room temperatures are under the ngoleference temperature, 26°C,
determined for the simulations. Both the traditioegstem and the interlocking brick
system show better performances than the aeratedate and lightweight systems with
regards to room temperature. The zone temperatdifesth thermal mass systems do not
exceed 26°C, while those of the aerated concreddightweight systems are over 26°C,
except during the night. The ventilation rate df dliminated the disadvantage of the

thermal mass systems at night. (Figure 6.21)
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Figure 6.22: Temperature of the SALF-zones (Room first floor) thke hottest day in Erzurum for all

building systems

Figure 6.25 indicates the SALF-zone temperaturethefselected building systems for
Erzurum. The zone temperatures are generally uhéecooling reference temperature of
26°C, even on this warmest day, on which ambiemhperature decreases by
approximately 12 °C against morning at 4:00. Néhwaddss, the lightweight system has
higher temperatures than the other systems. Duimglay the zones that have no internal
walls have higher temperatures than those withmthemass internal partitions. Although
some days at night the ambient temperature caagglew as 12°C, the zone temperatures
do not fall below 24°C, thanks to the insulatedetapes of the building system and the

lowrate of ventilation.
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6.5.4 Analysis of the Results with Regard to Different Dsign Strategies for Improved
Systems

6.5.4.1. Ventilation

Ventilation strategy is one of the critical elenseof the building energy use because of
heat gain and loss through the air change. Ingasion, the influence of five air change
rates (between™and 5") on cooling loads are investigated for 4 buildisystems. The
natural ventilation is applied by controlling théndows. The hygienic ventilation rate of
0.7", which was calculated according to the DIN 1946used for the cold and moderate
climates in order to provide a minimum healthy adl@nd comfortable atmosphere for the
occupants. On the other hand for the hot climatgh hight ventilation rate of '5is used

to exhaust warm indoor temperature through the coght ambient temperature. In
addition, the hygienic ventilation rate of 0. used during the day to minimize influence
of warm ambient daily temperature. The natural Negidn depends on wind speed and the
temperature difference between inside and outdidel'ae high ventilation rates can be
achieved by using cross ventilation. Following @ange rates can be given as rough

calculations [45]:

Table 6.3 Types of window openings and their air-change rates

Types of window openings Air-change
rate [-h]
Closed windows and doors 0-05
Tilted windows 0.3-15
Half-opened windows 5.0-10.0
Completely opened windows 10.0-15.0
Oppositely located windows up to 40.0
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Figure 6.23:Influence of night ventilation on cooling loads ifRary Eenergy) for Antalya

The graphic shows the influence of the six différain-change values, from"to 5" on
cooling loads of the four different systems in Apga The ventilation strategy is shown in
this chapter graphically and can be summarizedrdotgly during the day (between 8:00
and 22:00) windows are closed, with a minimum hymieair change value of 0"7and
during the night (between 22:00 and 8:00) windowes @pened to reach a maximum air
change of 8. As seen in the graph increasing the air-changieesaesults in significant
reductions in the cooling loads of the four diffgreonstruction systems in Antalya. The
interlocking brick system and the traditional systandicate the best performances, with
70% and 60% of reductions in cooling loads wheh liygienic air-change is applied and a
5" air-change value, which eliminates the disadvantaigéhe thermal mass structure

during the night.

When applying just the hygienic air-change, thatligeight system has the lowest cooling
load out of the four systems. Other heavyweightesys store more heat during the day
than the lightweight building, and they let out 8tered heat into the living spaces at night.
Thus, if enough ventilation is not applied to swele@ hot air out of living spaces, they
will be overheated even at night. Consequently tgreair-change rates are applied; this
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resulted in a high cooling load difference betwede interlocking brick and the
lightweight structure, which is almost equal in tbase of 3 air-change. Out of six

different air-change rates, the significant imprmeat can be succeeded by applyiiy 1

Cooling loads of the interlocking brick system difopm 24 kWh /m2a to almost 14 kWh
/m2.a, which is already a 60% of decrease, folliggweight system from 17.4 kWh /m2.a
to almost 10 kWh /m2.a, for the traditional systigom 25 kWh /m?a to 15 kWh /m?a and
for the aerated concrete system from 23 kWh /m28 Wh /m2a. In addition to these
results, optimum air-change rates for those fostesys can be determined by examining
the graphic above for Antalya. It can be conclutteat air-change values greater thah 3
not have large influences on the cooling loads. sThilne ventilation rates can be
determined between"3and 4" for traditional and aerated concrete buildingaad 5" for

interlocking brick and lightweight buildings (Figu6.23).
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Figure 6.24: Influence of ventilation on cooling loads (Prim&gergy) for Istanbul

Figure 6.24 above highlights the performance offthe different systems with regard to
different ventilation rates in the moderate climdibe ventilation strategy in Istanbul can

be defined shortly as follows if room temperatulseover 25°C windows will be opened
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with 5™ air-change and will decrease from 25°C, if roomgerature drops under 22°C the
ventilation will be off and only hygienic ventilat will be applied.

Traditional building has the lowest cooling loadt cof the four different building
constructions, which ranked after the in the follogvorder: interlocking brick, aerated
concrete and lightweight buildings. In such a mateclimate, application of the high air-
change values can result in an increase in thengbdemand. As seen in the graphic after
applying 4" the cooling loads increase slightly. This can desed by a high air-change of
5" at which point the temperature fluctuation can ey high, thus, the ambient

temperature can increase over the duration of an ho

The graphic clearly indicates that the interlockbrgck building can perform well, if it is
supported by sufficient ventilation, which is nobra than # in this moderate climate.
The cooling loads of the lightweight building deases sharply from 17 kWh/m2.a to 10
kWh/mz2a, representing 75 % of the total decredsenly 1" air-change value applied. In
contrast, the air-change rates, higher th&ndb not greatly reduce the cooling loads. The
air-change values more thad' 4re also not adequate ventilation for aerated retec
Optimum air-change rates can be proposed”a®2the lightweight building systems and

3" for the rest of the building systems.



Energy Analysis of the Selected Building Systems 102

6.5.4.2. Glazing Variables
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Figure 6.25: Heating-cooling energy (Primary Energy) performantdifferent glazing types for Antalya

Figure 6.25 shows the performance of four glazypes, including single glazing, double
glazing, triple glazing and double low-e glazing &ach building system in a hot climate
region Antalya, with respect to heating and cooliogds. The simulated glazing types
have the thermal transmittance “U-value” and sbkait gain coefficient values “g-value”

as following:

Single glazing  U-value: 5.8 W/m2 K, g-value8D.

Double glazing U-value: 2.7 W/m2.K, g-value: D7

Triple Glazing U-value: 1.8 W/m2.K, g-value70.

Double low-e  U-value: 1.7 W/m2.K, g-value: 975

Since the main concern is to reduce cooling loadsuch a climate, the ranking of the
glazing types from best to worst regarding cooldggnand will be triple glazing, double

low-e glazing, double glazing and single glazingpextively for all building types. On the

other hand, when using triple glazing, the heatoags decrease in comparison to the
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single glazing case, but they have a higher heameygy use than the case of installing
double glazing and double low-e glazing. Due todbkar thermal transmittance “g” value
of 0.77, the building with double glazing shows arfi¢he best cooling performances. The
building with single glazing has the worst perfonoa with regards to both cooling and
heating loads with its higher “g-value” of 0.87;déscribes a percent of transmitted solar
heat gain through the windows and a higher “U-vabfes.8 W/m2K. Consequently, when
using single pane we have more overheated and he@ing dominated thermal zones.
Double low-e glazing is ideal for such cooling doated climates because of its lower

solar heat gain coefficient “g-value” of 0.59, ccemgd to the four other glazing types.

Improving glazing types from single pane to theesghresulted in high decreases in both
the heating and cooling demand of the buildingémtalya. If the lightweight building is
protected against daytime solar radiation by meahdglifferent design strategies, it
represents one of the best performances in Antédyae the system receives solar heat
gain it is difficult to release this hot air withiotilne help of shading and special windows.
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Figure 6.26: Heating-cooling energy (Primary Energy) performantdifferent glazing types for Istanbul

Double glazing with a “U-value” of 2.7 W/m2.K and-Value” of 0.777 has the lowest
heating loads for all building types in the moderalimate, Istanbul. However cooling



Energy Analysis of the Selected Building Systems 104

load performance of this glazing type represergsthird out of four glazing types due to
its higher “U-value” and “g-value”, which means ttemperature flow between outside-
inside is higher, and it has more solar heat daiough the windows . Triple glazing and
double low-e glazing keep the buildings cooler tha other window types mostly due to
their lower “g’-values of 0.7 and 0.597 respectyeln addition smaller thermal

transmittance values of both glazing types keepdrtioor environment warmer than that

in double glazing.

The lightweight building with double glazing penfias better than other glazing types with
regards to heating loads but has the second wamling performance. Traditional
building has the highest heating demand for alesypf glazing, while it performs best in
cooling demand (Figure 6.26).
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Figure 6.27:Heating-cooling energy (Primary Energy) performan€different glazing types for Erzurum

In Erzurum, where the buildings have almost no iogotlemand due to its extreme cold
climate, the main concern is to heat the building &eep the heated air in the living
spaces with minimum hygienic ventilation. The ghagitypes with lower thermal

transmittance values and a higher solar heat gafficient can be ideal for such climates,

because of getting as much as solar heat gain iavemmmer and keeping the heat loss
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lower through the windows. The lightweight buildipgrformed better than the other three
building types with respect to heating load largéle to its insulation thickness of almost
20 cm. Double glazing and double low-e glazing veéhoearly the same heating

performance for each building system. Neverthetiessle low-e glazing reduces cooling

loads by more than 50% (Figure 6.27).

6.5.4.3. Thermal Mass Internal Walls
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Figure 6.28: Influence of thermal mass internal walls on copkmergy loads (Primary Energy) in Antalya

There are no large temperature differences betwagrand night temperatures in Antalya,
Thus, the systems with thermal mass internal waith high heat storage capacity can
overheat the room during the nighttime in the sumrhewever, it cools the room by
emitting coming solar radiation during the day. ilsstrated in Figure 6.28 thermal mass
internal walls of the traditional, interlocking bki and aerated concrete buildings have a
greater influence than the lightweight structureAimtalya when using maximum night
ventilation in order to exhaust as much as releasad from the thermal mass walls. The
traditional and interlocking brick systems show ti best two performances, with a
reduction of 1.4 kWh/m2a cooling energy load, foleml by the aerated concrete and
lightweight systems, with a reduction of 1kWh/m#al@.8 kWh/m?2a respectively. In the
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winter thermal mass walls reduce heating loadsssntee daytime temperatures are not
extremely cold (Figure 6.28).

‘D No internall wall B With internall wall

Cooling Energy [kWh/m2.a]

Aerated .
System Interlc_)cklng
Brick

Lightweight .
System Traditional
System

Figure 6.29: Influence of thermal mass internal walls on copkmergy loads (Primary Energy) in Istanbul

As indicated in Figure 6.29, the cooling energy dathof the four structures decreases
slightly. Thus, in moderate climates the heat gferaapacity of walls does not play an
essential role as it does in hot climates duew@iasolar heat gains. Nevertheless, only the

influence of internal partition walls is simulat@gdorder to see its impact on energy use.

Since the thermal mass walls are cooler, the feabsorbed and conducted into these
materials. If thermal mass walls are warmer tham tdmperature of the surrounding
environment, it releases heat into the surroundiBgaurum has extremely cold winters
and cool summers: in addition, night temperaturesien summer do not exceede 15°C.
Thus, thermal mass internal walls emit the heanftibe surrounding area and decrease the
room temperature.
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6.5.4.4. Shading
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Figure 6.30: Influence of shading on cooling loads (Primary gy of thefour systems in Antalya

Figure 6.29 displays the shading performances efftlur different systems on cooling
demand in a hot climate. The shading strategy sert#ed according to the global solar
radiation and ambient temperature. The shadingifastdefined as the ratio of the non-
transparent area of shading element to the whalesparent area. It is assumed to be 85%
in the simulations. The transparent openings withdsg result in 45% cooling savings
compared to those without shading elements. Thgeligpercentage of saving is seen for
the lightweight building out of the four system&chuse non-thermal mass walls do not
emit heat during the day as much as thermal mals, wich let out emitted heat into the
living space at night and, thus, increase cooloaglé. The low thermal transmittance value
of the lightweight building is another reason fomwer cooling demand when using a

shading element.
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6.5.4.5. Orientation
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Figure 6.31:Influence of orientation variables for the traalital system in Antalya

The model building is situated as it is illustrated-igure 6.31, with long external surfaces
that face northeast (NE) and southwest (SW), amatt shuilding surfaces that face
southeast (SE) and northwest (NW). The referendaeiis southeast (SE) representing
0°in the graphic, and the model building is rotatedry 45° counter-clockwise. The figure
above shows the influence percentage of each atientvariable on cooling loads for
Antalya from 0° to 315°. The greatest cooling egesgving can be made by rotating the
model building 45° counter-clockwise. The reasores that the southwest (SW) surface
has no windows, and the short building surfacee fsast and west. Thus, west and east
surfaces of the building do not receive high sodaliation. The SW wall emits solar heat
during the day, which keeps the indoor climate cdble worst orientation variables are
when the building is rotated 180°, 225° and 27Qf¢ tb higher solar heat gain from the
large surfaces and windows.

In the improved case of simulations for Istanbutl &rzurum, the model building is

rotated 225°, which gives it lowest heating demacdording to the simulations and
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allows it to receive as much solar heat gain asiptes even sometimes in the summer for

Erzurum.
6.5.4.6. Insulation

Insulation variables were simulated just for thaditional building, which represents a
significant share of the residential building coastions in Turkey. The lightweight and
interlocking brick systems have insulation in thalvand floors. Thus, insulation variables

are not examined for these systems.
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Figure 6.32: Influence of insulation thickness on heating amsbling loads (Primary Energy) for the

Traditional System in Antalya

Figure 6.32 shows the influence of different infola thicknesses on the heating and
cooling demand for traditional building in hot chtes. In other regions (temperate and
cold regions), insulation was a very important etatrof energy savings since it decreased
the heating energy demand, but it has no influemtehe cooling energy demand in
heating dominated regions. On the other hand, es sethe chart, a small amount of
insulation has a large influence on the coolinggneemand in hot climates. For instance,
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we applied just 2 cm of insulation to the exterwalls of the model building, and as a
result we saved almost 50% of cooling loads.

An insulation thickness of more than 2 cm does lmte a big impact on the cooling
demand. It can be concluded that the small amoumsalation keeps the cool air within
the building, and the external insulation prevesmts lowers the heat gain through the
walls into the building. The conclusion can be méoieheating loads as well, but the
difference is that insulation thickness of 8 cm barbeneficial to take heating loads down.
Heating loads are reduced by more than 60 % byguiom insulation for the external
walls. A similar attempt to decreasing the coolegmand by combining a minimum
internal heat gain and insulation use in warm desas the ECOFYS report created for
the European Insulation Manufacturers Associatidime report concluded that a
combination of lowering internal loads and imprayimsulation can save 85% of the

cooling demand for a residential building sampl®isdrid [42].
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Figure 6.33: Influence of insulation thickness on heating epdmpad (Primary Energy) for the traditional

System in Erzurum

It is clear that insulation plays an essential roledecreasing the heating demand of a

building situated in a cold climate zone. Figurd3above indicates the simulation result
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with different insulation thicknesses and their aofs on the heating demand Erzurum.
Due to the cold climate in Erzurum, even 15 cmnsfulation reduces the yearly heating
demand of the city drastically, from 300 kWh/ maalmost 120 kWh/ m2.a; more than
50% saving is achieved. It shows us that in sudtt camate zones the thicknesses of the
walls should be greater than 20 cm with insulatioorder to drop the energy demand to
reasonable values by enriching the building enveelpd, thus, minimizing heat loss
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Figure 6.34: Influence of insulation thickness on heating amsbling loads (Primary Energy) for the

Traditional System in Istanbul

The simulation results for Istanbul conclude thpplging insulation can only have an
influence on the heating demand and very littléugrice on the cooling demand for such
temperate climates. The graph indicates an alnmwsttant cooling energy demand when
the thickness of the insulation is increased, whéating energy demand sinks by 40 kWh
/m2.a. In other words, even if there is some cagpliemand in temperate climates, the
thickness of the insulation does not have a biduémice on it. Installing even 2 cm
insulation only has a very small affect on cooldegnand (Figure 6.34).



Energy Analysis of the Selected Building Systems 112

- Economic Profitability of the Insulation for the Reinforced Concrete System

To increase insulation thickness results in hea#ing cooling energy reduction. On the
other hand, the initial costs of buildings will @isThus, an evaluation of the long-term
payback period for different insulation thicknesbesomes a significant task. The actual
cash value method (Barwert Method) is used in om@nalyze the economic efficiency of
different insulation thicknesses for Traditionalilding. Shortly, the actual value of
investment after 50 years is monitored for eachulai®n thickness applied to external
walls. Heating energy loads and cooling energy doaik taken into account in order to
calculate the actual cash values of different gsoh thicknesses. The yearly inflation rate
is considered to be 5% he initial costs of applying different insulatidhicknesses are
obtained from different companies and constructiarsts are determined by the
construction ministry. The natural gas price isetakrom the Istanbul Municipality gas
company (IGDAS) tariffs 0.023 €/kWh as of 2005 ahd electricity price 0.075 €/kWh,
which is taken from the Turkish electricity diswuiibn company (TEDAS) tariffs, as of
2005.
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Figure 6.35: Insulation investment and payback periodtfoetraditional system in Antalya

The graph indicates that the payback years buitdimigh different insulation thicknesses

in Antalya vary between 7 and 8 years. An investnimiween 2000 € and 2500 € for
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external wall insulation of the simulated buildingpdel will bring 17500 € and 22500 €
profit after 50 years mostly because of the cooldemand. Taking the graph into
consideration, some assumptions can be made ragatide optimum thickness of the
insulation for this climate. As seen in the graphafter 50 years there is no much
difference between the actual values of investrifmnthe building in Antalya. Thus, even
applying a small amount of insulation to externallg/will be enough (Figure 6.35).
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Figure 6.36: Insulation investment and payback periodtfo@ traditional system in Istanbul

Actual cash values of applying different insulatitimcknesses for external walls in
Istanbul differ in Antalya. The payback time varegtween 8 and 10 years. After 50 years
the differences between actual values of investmgaty much more than in Antalya.
Employing 2 cm insulation for external walls retie¢he worst profit in comparison with
other variables of insulation thickness regardirmylack time and actual value of
investment. Six thousand euros are gained jushéneasing the insulation thickness to 4
cm. It can be estimated that the insulation betw&man and 8 cm is an optimal thickness

for such moderate climates (Figure 6.36).
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Figure 6.37:Insulation investment and payback period for thditional system in Erzurum

Due to its extreme cold weather, applying insulatio a building in Erzurum is the most
profitable improvement among the other strategie®en applying 2 cm insulation is as
profitable as applying 16 cm insulation in the made climate of Istanbul. The differences
between actual values of investments after 50 ya@~ery large. For instance, investing
in the installation of 2 cm thickness after 50 ge& 26000 €, while that of 16 cm

insulation increases by 46000 €. Thus, paybacksydar these different insulation

thickness applications is reduced by 3-4 yearschvis mainly influenced by the heating
loads (Figure 6.37).
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6.6. Summary of simulation results

Cold climate Temperate Climate Hot climate
= |nsulation is the most =  Optimum ventilation = Shading is very
important element, rates varies for the effective in order tg
for cold climate, selected building balance daytime
optimal insulation Eystems between 2-4 room temperature

thickness varies

between 10 cm and = Maximum night

ventilation

14 cm. * Insulation thickness
can be optimized as flecreaS(tes rodom.
= Economic 6-8 cm. emperature during

profitability of the night.

[ i ' = Heating is main
insulation t_hlckness eating Is ma « Thermal mass
over 8 cm is very concern, but also a materials to cool
high because of huge part of summer indoor
heating energy overheating problems : I
decreases. can be seen environment,
traditional and
=  Small ventilation =  Aerated concrete |nter|0Ck|ng block
rates of I, more system shows the performed better
compact structure. best performance regarding cooling
regarding heating demand.
= Lightweight energy demand . .
m%terialg for daily & * [Insulation thickness
heat gain, heavy * Shading can be of 2cmis _enough
structure for nightly considered for for such climates
heat gain. The several days in . , _
systems with good summer. Orientation east,

west short surfaces
with minimum
windows

insulation features
perform better.

= Glazing with smaller
thermal
transmittance “U-
value” and higher
solar heat gain “g-
value”.

» Glazing with small
thermal
transmittance “U-
value” and solar
heat gain “g-value”

= QOrientation east, west
large surfaces for
heat gain.
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7. Conclusions and recommendations

The thesis illustrated that Turkish residentiallding stock may attain great energy saving
performance just by applying advanced design gjiede In addition to these strategies, as
a future research work, renewable energy integrattould be investigated. No
mechanical solutions, except the integration ofusand PV panels, are suggested as a
renewable energy solution to energy demands. Thelusions and discussions addition to

Chapter 4 and Chapter 5 can be summarized as fllow

* The new climate classification done according ® ASHRAE transactions 4610-4611
showed that a precise classification is neededdmgilee day method can be used for
estimating energy needs of each city. The relabetween energy consumption and
climate analysis through the degree day methodyoesome information of estimating
energy consumption in the pre design phase. Althanghis work we selected just three
cities and four building systems, more cities, eetpely climate zones can be
investigated by energy institutions in Turkey im@r to create a reference for architects

and homeowners.

« Turkish energy standards should be updated afteefudaexamination of the other
standards in the World. Thermal transmittance \sabfehe building components should
be reviewed and updated. The preparation of thedatds can be made by using new
scientific methods, for instance; utilization oetBimulation programs which is briefly
explained in the Chapter. 4.

 After simulating the four different constructionssgms in three cities from different
regions, improvements of the systems and applicaticew energy strategies save large
amount of energy between 50-80% with respect tdidgeaand cooling energy. The
energy simulation of some residential buildingspkdl to optimize energy design
strategies of each city we selected. This optinorashould be made by Turkish energy,
institutions regarding ventilation rate, insulatithickness, type of glazing, orientation of
building, construction system, shading element atlder variables, after defining
residential building types in Turkey with the helpreal measurements and simulation

tools.
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Applying energy efficient design strategies is fhst step of energy efficient building;

second step can be integration of the renewablgieseto building envelope. Thus, future
works will focus on integration of the renewablesgy sources. Especially solar energy
integration both in terms of photovoltaic and sdlermal applications should be carefully
examined. In addition, because of Turkey’s largesiy demand, the need for energy
efficient, economic and permanent residential bogd can be supplied by prefabricated

buildings. In the future renewable energy integigbeefabricated building systems will
dominate residential building sector.
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Appendix A: The classification used for TS-825 standard
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Appendix B: Climate classification methods used for ASHRAE dtads. First step;

Definition of the mainres

A. Major Climate Type Definitions )

I. Marine (C) Definition - Locations meeting the following criteria:

» mean temperature of coldest month between —3°C (27°F) and 18°C (65°F)(2) AND

» warmest month mean < 22°C (72°F)(3) AND

« at least four months with mean temperatures over 10°C (50°F)(4) AND

« dry season in summer®™. The dry season in summer criterion is met when the month with the
heaviest rainfall in the colder season has at least three times as much precipitation as the
month in the warmer season with the least precipitation. The colder season is October,
November, December, January, February, and March in the Northern Hemisphere and April,
May, June, July, August, and September in the Southern Hemisphere. All other months are
considered the warmer season, in their respective hemispheres.

Il. Dry (B) Definition (Sl) - Locations meeting the  following criteria:
Not Marine and

Pim<2.0x(Tc+7)
where:
P¢m = annual precipitation in cm

T = annual mean temperature in degrees Celsius

[1l. Humid (A) Definition (SI) - Locations meeting the following criteria:
Not Marine and

Pen22.0 X (Tc+7)

Notes:
1. Humid, dry, and marine zone definitions are based on Strahler 1963, Plate 2, except as noted.
2. These criteria are necessary to exclude Kdppen'’s (D) “snow” climates and (A) “tropical” climates.

3. This criterion excludes the (a) “hot in summer” climates, such as the South-eastern and Midwestern United States.
4. This criterion excludes some marine climates in high latitude locations, such as Alaska, Iceland, and Northern
Norway, from special treatment as marine climates.

5. This “dry season in summer” definition is from Koppen 1931 (German text), p.129. The authors were unable to find
in this text quantitative definitions for “colder season” and “warmer season,” only an acknowledgement of the inherent
difficulty in defining these seasons in a way that is effective for all world climates. The month-based definitions were
created by the authors to make the climate definitions complete and computable.

Under the variants of the Koppen system reviewed for this work, the dry in summer criterion was part of the Cs
(Mediterranean) but not the Cb (Marine, Cool Summer) subdivision. We included it in the general Marine zone
definition for use in the United States because dry summers are a characteristic attribute of the Pacific marine
climates that we felt were necessary to recognize in the classification. It was also in excluding isolated locations in
other parts of the country from meeting the Marine zone criteria. Specifically, sites at higher elevations in the Southern
Appalachian Mountains (such as Asheville, NC) and medium elevations in the South-western United States (such as
Albuquerque, NM) otherwise marginally met the marine criteria. Outside of the United States, such as in Northern
Europe where marine influences extend far inland and summers are not as dry, this criterion may not be useful and
could be dropped.




Appendix C: Climate classification methods used for ASHRAE dtads. Second step;

Thermal zone definition

B. Thermal Zone Definitions

Zone Climate Zone Thermal Criteria -39 Képpen Koppen Classification Description
No. Name and Type 2 Class.®
1A Very Hot — Humid 5000 < CDD10°C Aw Tropical Wet-and-Dry
1B’ Very Hot — Dry 5000 < CDD10°C BWh Tropical Desert
2A Hot — Humid 3500 < CDD10°C = 5000 Caf Humid Subtropical (Warm Summer)
2B Hot — Dry 3500 < CDD10°C = 5000 BWh Avrid Subtropical
3A Warm — Humid 2500 < CDD10°C = 3500 Caf Humid Subtropical (Warm Summer)
3B Warm — Dry 2500 < CDD10°C =3500 | BSk/BWh/H Semiarid Middle Latitude/Arid Subtropical/Highlands
3C Warm — Marine HDD18°C = 2000 Cs Dry Summer Subtropical (Mediterranean)
4A Mixed — Humid CDD10°C = 2500 AND Caf/Daf Humid Subtropical/Humid Continental (Warm Summer)
HDD18°C = 3000
4B Mixed — Dry CDD10°C = 2500 AND BSk/BWh/H Semiarid Middle Latitude/Arid Subtropical/Highlands
HDD18°C = 3000
AC Mixed — Marine 2000 < HDD18°C = 3000 Cb Marine (Cool Summer)
5A Cool — Humid 3000 < HDD18°C = 4000 Daf Humid Continental (Warm Summer)
5B Cool — Dry 3000 < HDD18°C = 4000 BSk/H Semiarid Middle Latitude/Highlands
5c7 Cool — Marine 3000 < HDD18°C = 4000 Cfb Marine (Cool Summer)
6A Cold — Humid 4000 < HDD18°C = 5000 Daf/Dbf Humid Continental (Warm Summer/Cool Summer)
6B Cold — Dry 4000 < HDD18°C = 5000 BSk/H Semiarid Middle Latitude/Highlands
7 Very Cold 5000 < HDD18°C = 7000 Dbf Humid Continental (Cool Summer)
8 Subarctic 7000 < HDD18°C Dcf Subarctic
Notes:

1. Column 1 contains alphanumeric designations for each zone. These designations are intended for use when the zones are referenced in the code. The numeric part of the designation relates to the thermal properties of the zone. The
letter part indicates the major climatic group to which the zone belongs; A indicates humid, B indicates dry, and C indicates marine. The climatic group designation was dropped for Zones 7 and 8 because we did not anticipate any building
design criteria sensitive to the humid/dry/marine distinction in very cold climates. Zones 1B and 5C have been defined but are not used for the United States. Zone 6C (Marine and HDD18°C > 4000 (HDD65°F > 7200) might appear to be
necessary for consistency. However, very few locations in the world are both as mild as is required by the Marine zone definition and as cold as necessary to accumulate that many heating degree days. In addition, such sites do not appear
climatically very different from sites in Zone 6A, which is where they are assigned in the absence of a Zone 6C.

2. Column 2 contains a descriptive name for each climate zone and the major climate type from Table 2A. The names can be used in place of the alphanumeric designations

wherever a more descriptive designation is appropriate.

3. Column 3 contains definitions for the zone divisions based on degree-day cooling and/or heating criteria. The humid/dry/marine divisions must be determined first before

these criteria are applied. The definitions in Table 2A and 2B contain logic capable of assigning a zone designation to any location with the necessary climate data anywhere

in the world. However, the work to develop this classification focused on the 50 United States. Application of the classification to locations outside of the United States is untested.

4. Column 4 contains the name of a SAMSON station found to best represent the climate zone as a whole. See Section 4.3 for an explanation of how the representative

cities were selected.

5. Column 5 lists the abbreviations for the climate groups based on a simplified version of the Kdppen system (Finch et al. 1957). (see Figures 1 and 2). This information

relates the climate zones to a widely-used world classification system, and may facilitate application outside of the United States.

6. Column 6 contains a verbal description derived from Koppen's work that serves to explain the two- and three-letter codes in the previous column.

7. Zones 1B and 5C do not occur in the United States, and no representative cities were selected for these zones due to data limitations. Climates meeting the listed criteria do

exits in such locations as Saudi Arabia; British Columbia, Canada; and Northern Europe.

8. SI to I-P Conversions:

2500 CDD10°C = 4500 CDDS0°F
3500 CDD10°C = 6300 CDDS0°F
5000 CDD10°C = 9000 CDDS0°F
2000 HDD18°C = 3600 HDD65°F

3000 HDD18°C = 5400 HDD65°F
4000 HDD18°C = 7200 HDD65°F
5000 HDD18°C = 9000 HDD65°F
7000 HDD18°C = 12600 HDD65°F




Appendix D: Sun path (Stereographic) diagram of Erzurum
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Appendix F: Sun path (Stereographic) diagram of Istanbul




Appendix G: Maximum values of yearly primary energy consummptand specific transmission heat losses

According to ENEV (Energiasgerordnung) {Translated from ENEV)

AV ¢ Annual Primary Energy Consumption Specifically, transmission heat
Ratio losses related heat-transferring
encompassing area
Qp in kWh/(m?2.a) related to the floor area| Q, in Hy in W/(m2K)
kWh/(m3.a)
related to the
heated volume
Residential buildings Residential Other Non- Non-Residential
(except the buildings buildings with | buildings Residential buildings with
defined by Column 3) predominant buildings with | the
electrical water the surface/windows
heating surface/windo |area of >30%
systems ws area of
<30% and
residential
buildings
1 2 3 4 5 6
<0.2 66.00 +2600/100+4 88.00 14.72 1.05 1.55
0.3 73.53 +2600/100+H4 95.53 17.13 0.80 1.15
0.4 81.06 +2600/100+f) 103.06 19.54 0.68 0.95
0.5 88.58 +2600/100+f) 110.58 21.95 0.60 0.83
0.6 96.11 +2600/100+f) 118.11 24.36 0.55 0.75
0.7 103.64 +2600/100+H 125.64 26.77 0.51 0.69
0.8 111.17 +2600/100+H 133.17 29.18 0.49 0.65
0.9 118.70 +2600/100+H 140.70 31.59 0.47 0.62
1 126.23 +2600/100+4 148.23 34.00 0.45 0.59
>1.05 130.00 +2600/100-+A 152 35.4 0.44 0.58




Appendix H: Thermal transmittanceJ® values of low-rise residential buildings for U8ource: ASHRAE Standard 90.2-2001)
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o (4] o Q o (] o [} ‘a o (] o Q
o 2 o 2 o 9 o 2 ) o 9 o 2
= N = N = ) = %) Q = N = N
No. U U U U U U U U U U U U U U U U U U U R U U SHGC] U SHGC
1 0.20 | 0.22 0.36 048 | 051 ] 067 | 156 | 251 ) 148 | 148] 1.39 ] 359 |H] 358 | 234] 0.34] 051 ] 037 ] 051 | 0.00 | 2.21 ] 3.80 | 2.10 | 9.08 ] 2.27
2 0.20 0.22 0.23 0.48 | 047 ] 0.51] 1.56 251 1148 ] 148] 139 ] 359 ] H] 358 ] 234] 029] 051] 037 ] 051] 000] 2211 380] 2.10 | 5.96 2.27
3AB] 0.20 | 0.22 0.23 045 ] 047 ] 036 156 | 251 ) 148 | 1.03] 1.39 ] 133 | H] 358 | 0.37 ] 0.29 ] 044 ] 029 ] 0.40 | 0.00 | 2.21 | 267 | 2.27 | 5.11 ] 2.27
3C 0.20 | 0.22 0.23 045 | 047 ] 036 156 | 251 ) 148 | 1.03] 1.39 ] 133 | H| 358 | 0.37] 0.29 ] 044 ] 0.29 | 0.40 | 0.00 | 2.21 | 267 ] 2.27 ] 5.11 NR
4 0.15 0.17 0.23 0451 033 1036] 053] 083 ] 087] 103] 139 ] 102 JF] 358 ]1024]026] 040 ] 0.29]1 040 ] 000 ] 221 ] 199] 261 ] 341 NR
5 0.13 0.15 0.23 040 | 033 ] 0.27] 0.46 | 088 ] 087 ] 1.03] 1.39 ] 081 | F| 358 | 0.18 ] 0.22 ] 040 ] 0.22 | 0.36 | 0.00 | 2.21 | 199 ] 2.61 | 341 NR
6 0.12 0.13 0.15 036 | 025 ] 027] 046 | 088 ] 065] 041] 1.39 ] 058 | F| 358 | 0.18 ] 0.22 ] 040 ] 0.22 | 0.36 | 0.00 ] 2.21 | 199 ] NR | 341 NR
7 0.12 1.31 0.15 0.36 | 0.20 | 0.27] 046 ] 057 1 0.65]1 041 ] 139 ] 046 J F] 358 1 0.18] 0.15] 040 ] 0.19 ] 0.36 ] 0.00 | 2.21 ] 1.99 NR 3.41 NR
8 0.11 0.12 0.15 0.36 | 0.20 | 0.27] 0.31 ] 0.35 ] 0.65] 0.30] 040 ] 046 J F] 032 ] 0.18 ] 0.15] 040 ] 0.19 | 0.36 ] 0.00 | 2.21 ] 1.99 NR 3.41 NR




Appendix J: Constructional properties of the simulated systeftes improvements

CONSTRUCTIONS OF SIMULATED BUILDINGS AFTER IMPROVEM ENTS
Wall Structure Floor Structure Ground Structure First Floor Ceiling Roof Internal Wall
; U-value U-value U-value U-value U-value U-value
Consiruction Types Materials Materials Materials Materials Materials Materials
[Wim2K] [WimzK] [Wim2K] [Wim2K] [Wim2K] [Wim2K]

Gypsum Plaster lcm Gypsum Plaster lcm Particle Board | 2cm Gypsum Plaster lcm Plywood lcm Gypsum Plaster lem

Hollow Brick 19cm Concrete Floor Panel | 15 cm Cement Mortar | 2cm Concrete Floor Panel | 15cm Mineral Wool gcm Hollow Brick 10cm
Interlocking Brick ~ [Polystren 8cm| 031 |Cement Mortar 2cm| 11 [Polystren 5cm| 039 2.3 |Plywood lcm| 04 |Gypsum Plaster 05cm| 34

Air Space Particle Board 2¢m CementMortar | 5cm Bitumen Sealing | 0.5 cm

Hollow Brick 10cm Purnice Gravel | 5¢m Roof Tile 5cm

Gypsum Plaster Lem Gypsum Plaster Lem Particle Board | 2cm Gypsum Plaster Lem 0SB Board 13cm Gypsum Plaster lem

0SB Board 13cm Plaster Board 18cm Polystren Sem Plaster Plate 13cm Insulation gem Mineral Wool gem
Lightweight Stee Mineral Wool 16¢m 017 Mineral Wool 8cm 037 Cemgnt Mortar | 5c¢m 037 Minerall Wool 8cm 045 O.SB Board . Llcm 045 Plywood 1,3cm 047

Plaster Board Llcm 0SB Board 13cm Pumice Gravel | 5cm 0SB Panel 13cm Bitumen Sealing | 0.5cm Gypsum Plaster lem

Polystren 4em Particle Board Floor | 2cm Roof tile 5cm

Cement Mortar 3cm

Gypsum Plaster lem Gypsum Plaster 2¢m Particle Board | 2cm Gypsum Plaster 2¢m Plywood lem Gypsum Plaster 2cm

Aerated Conc. Block | 20cm Aerated Conc. Block | 15¢m Cement Mortar | 2cm Aerated Conc. Block | 15cm Mineral Wool gcm Aerated Conc. Block | 10cm
Aerated Concrete  |Polystren 5cm| 035 |Cement Mortar 2cm| 072 |Polystren 5em| 039 1,09 [Plywood Tem{ 04 |Gypsum Plaster 2em 135

Cement Mortar 3em Particle Board 2cm Cement Mortar | 5¢m Bitumen Sealing | 0.5 cm cm

Purnice Gravel | 5cm Roof Tile 5cm cm

Cement Mortar 2¢m Cement Mortar 2cm Particle Board | 2cm Cement Mortar 2¢m Plywood lem Cement Mortar 2em

Light Hollow Brick | 20 ¢cm Concrete Floor 12¢m Cement Mortar | 2cm Concrete Floor 12cm Mineral Wool gcm Light Hollow Brick | 10 cm
Traditional System ~ |Polystren 5cm| 041 |Cement Mortar 2cm| 138 [Polystren 5cm| 0.39  {Cement Mortar 2cm| 38 [Plywood Lem[ 041 |Cement Mortar 2emf 21

Cement Mortar 3em Particle Board 2cm Cement Mortar | 5c¢m Bitumen Sealing | 0.5 cm

Purnice Gravel | 5¢m Roof Tile 5cm




Appendix K: Constructional properties of the simulated systbafere improvements

CONSTRUCTIONS OF SIMULATED BUILDINGS BEFORE IMPROVE MENTS
Wall Structure Floor Structure Ground Structure First ~ Floor Ceiling Roof Internal Wall
Construction Types , U-value , U-value , U-value , U-value : U-value , U-value
Materials WineK] Materials MimeK] Materials WineK] Materials WineK] Materials WieK] Materials WimeK]
Gypsum Plaster Lem Gypsum Plaster Lem Particle Board | 2cm Gypsum Plaster Lem Plywood lem Gypsum Plaster lem
Hollow Brick 19¢m Concrete Floor Panel | 15cm Cement Mortar | 5c¢m Concrete Floor Panel | 15¢m Bitumen Sealing | 0.5 cm Hollow Brick 10cm
Interlocking Brick |Polystren 8cm| 031 |Cement Mortar 2cm{ L1 {Purnice Gravel | 5cm| 108 2.3 |Roof Tile S5cmf 04 (Gypsum Plaster 05cm| 34
Air Space Particle Board 2em
Hollow Brick 10¢m
Gypsum Plaster Lem Gypsum Plaster Lem Particle Board | 2cm Gypsum Plaster Lem 0SB Board 1.3cm Gypsum Plaster lem
0SB Board 13cm Plaster Board 18¢m CementMortar | 5c¢m Plaster Plate 13cm Insulation gcm Mineral Wool gcm
- Mineral Wool 16em Mineral Wool 8cm Pumice Gravel | 5cm Minerall Woal gcm 0SB Board Llem Plywood 1,3cm
Hgnmweght See Plaster Board Llem o 0SB Board 1.3cm 037 108 0SB Panel 1.3cm 0 Bitumen Sealing | 0.5 cm 0 Gypsum Plaster lem o
Polystren 4em Particle Board Floor | 2cm Roof tile 5cm
Cement Mortar 3cm
Gypsum Plaster Lem Gypsum Plaster 2em Particle Board | 2cm Gypsum Plaster 2cm Plywood lem Gypsum Plaster 2em
Aerated Conc. Block | 20 cm Aerated Conc. Block | 15¢m Cement Mortar | 5c¢m Aerated Conc. Block | 15cm Bitumen Sealing | 0.5.¢cm Aerated Conc. Block | 10 cm
Aerated Concrete  (Cement Mortar 3cm| 087 |Cement Mortar 2cm| 0.72 |Purnice Gravel | 5cm| 1.08 1,09 |Roof Tile S5cmf 04 (Gypsum Plaster 2em| 135
Particle Board 2cm
Cement Mortar 2cm Cement Mortar 2em Particle Board | 2cm Cement Mortar 2em Plywood lem Cement Mortar 2cm
Light Hollow Brick | 20cm Concrete Floor 12¢m CementMortar | 5c¢m Concrete Floor 12cm Bitumen Sealing | 0.5 cm Light Hollow Brick | 20 ¢cm
Traditional System  {Cement Mortar 3cm| 1.65 |Cement Mortar 2cm| 138 |Pumice Gravel | 5cm| 1.08  |Cement Mortar 2cm{ 38 [Roof Tile 5cm{ 26 {Cement Mortar 2em| 21
Particle Board 2cm




Appendix L: Plan and elevations of the model building
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