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BUILDING ENERGY CERTIFICATION SYSTEMS WITH THE EXAM  PLES
OF ITALY AND TURKEY

SUMMARY

Beginning from the 1970s, energy has become a dubjeconflict in the world
politics. As the western countries has developesr timdustry, they needed more
energy source to carry on producing. On the otiger, ®astern countries has become
richer by selling oil to the western countries. Hmer, the oil prices, exhausting
sources and search of new and renewable energgesoare the most disscussed
subjects.

While the researchers are trying to find solutiomthe problem of “energy”, several

countries has started to take actions to decrdasesnergy consumption, and to
achieve a sustainable energy policy. As the bugldiactor is one of the most energy
consuming sectors in the world, European Union, fhw#ldished a directive about

energy performance of the buildings in 2002 whibhigates to limit the energy that

Is consumed by buildings and to certificate thergn@erformances.

Today, all European Union countries has developed own energy certification

system depending on the EPDB. As a candidate todean Union, also Turkey has
started to constitute a certification system. IM020Energy Efficiency Law has
published and in 2010 the energy performance e&tibn of buildings system will

be in use.

In this thesis, the current studies of Turkey atadylon the energy certification
systems (by year 2009) are analysed and confrom&LCET, a certification tool
from Italy, was used for the example buildings. tBis study it is aimed to obtain
experiences for the certification system of Turkayd also to display the need of
harmonization of different systems of different otries.

As a result, even the countries are developingetitergy performance certification
systems deriving from one directive, they are aalgivn different solutions. Hence
the results of certification cannot be compared.obtain comparable results and to
find more realistic solutions for Europe, one o thost energy consuming areas of
the world, optimization and harmonization of theemyy performance certification
systems.
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ITALYA VE TURK IYE ORNEKLERIYLE BINALARDA ENERJI
SERTIFIKASYON SISTEMLER1

OZET

1970’lerden beri enerji, dinya politikalarinda hdpr anlgmazlik nedeni
olagelmitir. Bati Ulkeleri sanayilerini geffirirken, tretimlerine devam edebilmek
icin, zaman icinde, daha ¢cok enerji kagmea ihtiya¢c duydular. [Fer taraftan, dgu
ulkeleri, batiya, ihtiyact olan petroli satarak tigge zenginlgtiler. Bugine
baktgimizda, petrol fiyatlari, tikenen enerji kaynaklae yeni ve yenilenebilir
enerji kaynaklari agairmalari en ¢ok tagilan konular arasindadir.

Bir yandan argtirmacilar “enerji” sorununa c¢ct6zimler ararken, gtndan Ulkeler
enerji tiketimlerini dgtirebilmek ve surdurdlebilir bir enerji politikasieasebilmek

icin bir takim 6nlemler almaya adilar. Bu aamada, 2002 yilinda Avrupa Bigli

de, en c¢ok enerji tiketen sektorlerden olan bingosé icin, kullanilan ener;i
miktarini kisitlayan ve enerji performansini sé#gini zorunlu kilan bir direktif
yayinladi.

Bugiin, tum Avrupa Birlii Ulkeleri kendi enerji performansi sertifikasyon
sistemlerini, Avrupa Birlgi direktifine goére, olgturmus durumdadirlar. Avrupa

Birli gi'ne aday olan Tirkiye de sertifikasyon gatalarina bglamis, 2007 yilinda

Enerji Verimliligi Kanunu'nu cikarmgtir ve 2010 yilinda, enerji performansi
sertifikasyon sistemi yurarlUfie girecektir.

Bu tez cakmasinda, Tirkiye vdtalya'nin simdiye kadar (2009 yili sonu) ener;ji
sertifikasyonu Uzerine yapitiklari gahalar incelennsi ve bir kagilastirma calsmasi
yapilmstir. italya’da kullanilan bir enerji setifikasyonu yamiiolan DOCET, 6rnek
binalar icin uygulanmgtir. Bu calgmayla amaclanan, Turkiye’de yudritilen
calismalara yardimci olabilecek bir takim tecribeler eelddebilmek ve farkh
Ulkelerin gelgtirdigi farkl sistemlerin birbirlerine uyum gkmasi gereklifini
gOsterebilmektir.

Tam Ulkeler tek bir direktife kg kalarak kendi sistemlereni glwrsalar da, sonucta
birbirinden farklisekilde sleyen sistemler elde edilsmdurumdadir. Bu durumda, bu
farkl sistemlerden elde edilen sonuclarskastirilabilir degildir. Karsilastirilabilir
sonugclar elde edebilmek ve diinyada en ¢ok endgtéin bolgelerin banda gelen
Avrupa icin daha gercekci ¢cozumler Uretebilmek ,igeniz cok yeni yururfie
girmis enerji performansi sertifikasyon sistemlerininimasyonu ve birbirlerine
uyumlu hale getirilmesi gerekmektedir.
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1. INTRODUCTION

In the last decades, rapid decrease of energy e®@md global warming issues led
the politicians, the energy sector and individualsearch about new energy sources
but also efficient usage methods of current ene@gpnerally under the obligation of
protocols, directives or laws, lots of nations,apdspecify the limitations for energy
usage, carbon dioxide emissions, etc. In this papas aimed to compare the
national energy objectives of Turkey and Italy,g@in some experience from the
current energy certification practices of ltaly ehithe methodology of energy
certification is being studied to set in Turkey asb to find out the factors affecting

the energy classes in certification.

1.1Definitions about Energy

Before discussing the energy aspects, it may hefuie¢b define some basic terms of
energy world, like renewable energy sources, gleliming and sustainability, to

draw a general picture.

As the energy is the main source to carry outhaldctions to live, an energy source
is always needed to use, and so to consume, fat gamduction, transportation, to
provide comfortable conditions in the buildings aswl on. In this point, as our
primary energy sources are fossil fuels, it is ingoat to see that consuming energy
sources means depleting earth’s energy reserveseWdn consideration about the
sustainability of our energy dependent life stydas lead the increase of renewable

energy sources.

A renewable energy source is renewed at the sangedr faster than it is consumed.
Renewable energy sources are generally naturagerseurces like sun, wind, or
water. What's more these natural energy sourcesbeaalso considered as clean
sources, because during the energy processingdivey emit the gasses causing

global warming.



Using fossils as an energy source causes anothbblepr that during the burning
process to extract the energy; they emit some geaasing greenhouse effect.
Global warming can be defined as the increase efatrerage temperature of earth
caused by the increase of these greenhouse gasnt@tions in the atmosphere. It
can be said that such gasses, like carbon diogi@g)( methane (Clj, CFCs, ozone
(O3), nitrous oxide (NG) and water vapor, are being emitted from the egpolily
unconscious activities. The term “ecological’ cansathe processes from acquisition
of crude substance to the disposal. Thus the ptmaucsystems should be
reconsidered and precautions should be taken t® @ig minimum harm to the

environment by the new sustainable systems.

Sustainability is the ability to keep the currennditions of a system continuously,
as all the systems tend to worsen in time. It eaajplied to all kind of systems like
social, economical, environmental, production, @dferently from renewability,
sustainability refers to a system that can be redtas much as they consumed. In
this way it requires consciousness and human #ctivi be restored as renewable
energy sources generally restore themselves. Ténewvable energy sources would
be critical elements of sustainable energy systétosever to achieve a sustainable
energy system within a country, ecological awarsnexonomical stability and

social balance should be provided, also.

Development of technology, increase of populatiord dossil fuel dependent
industry (Figure 1.1 and Figure 1.2) causes modenaore energy consumption, and
so exhausting energy sources. Thus, sustainalilensysn energy sector became one
of the most discussed subjects recently. Howeverteehnologies which are being
developed by renewable energy sources are expeasd/@ot sufficiently efficient,
yet. Anyway, beginning with energy efficiency, cansng less fossil fuels and more
renewable energies and also ecological approache&gery sector are primary steps
to achieve a sustainable environment, as it iditlad¢ objective.
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1.2 Brief History of Energy in the World

Beginning from the 1970s, energy has started teelagded closely with the political
issues while the politicians trying to provide stifnt energy sources for the citizens
as the demand for energy has been increasings Ibéan making the agreements to
bring the primary energy sources such as petroleatyral gas, or electricity from
the producer countries to the consumer ones andréte has been always a subject
of a conflict, also. Furthermore the energy pditiand national objectives are
playing the most important role in the economidse population of the countries is
increasing while the energy sources are being esteduand the cost of energy is

increasing day by day.

The first energy crisis is occurred in 1973, witle embargo that declared by Arab
countries of OPEC for United States and other ams)tlike Holland, and Japan
supporting Israel in the Yom Kippur wain response to the price increases, United
States, which has already left the Bretton Woodesyfs has released the American
dollar float and so by the increasing inflation tfeue of the currency is decreased.
At the end, even they succeed to block the supgsodklsrael, The Arab countries
faced also a decrease in income by the oil exparthey were planning to profit the
oil embargo. Another oil crisis has occurred in Q%iring the Iranian Revolution
and the war between Iran and Irag. The severe aseref oil production in these

two countries caused price increases and oil si@itaUnited Stated, another time.

These two close dated oil crisis has affected sdyéne countries that economically
dependent to oil and oil based products. OPEC bsisits unity and power and
Russia (Soviet Union) has become the most impomdnproducer (Figure 1.3).
Apart from economic and political effects, thesergy crises has led the countries
to search for new oil reserves and new energy resswand energy conservation. In
the US the Department of Energy was created andpduple were forced to
conserve energy. The northern oil sources wer¢estdo exploit. Natural gas was
introduced for heating systems in Australia as @l nuclear energy usages have

risen in Europe. In Brazil, a mixture based on ethavas started to be use for the

1 Yom Kippur War, 1973 Arab — Israeli war
2 Monetary management system that obligates eaaftryoio maintain the exchange rate of its
currency within a fixed value in terms of gold

4
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has increased.

and researches in renewablgieadike solar and wind pow
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Figure 1.2 Top Oil Producing Countries, 19&D0O€ [3]

Another considerable problem of energy is the iaseeof the global air and oce

temperatures as a result of the high concentratbgases like C, which are being

emitted by combustion of fossil fuels and the clienehange whichs the result of

this increase (Figure 5). However this global warming shouldn’t be considegrest

an environmental issue but also social, economacal political as te possible

solutions to eliminate these negative changes meqeorganization of the enti

energy habits.
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First of all it should be accepted that the glokatming is a result of human actions
so it is called “Anthropological Global Warming”.llAroduction and consumption
patterns cause high environmental pollution, emritental erosion and greenhouse
gas emissions. Figure 1.4 displays the relationh wpbpulation and energy
consumption. Furthermore the public consciousnedew about this subject that
most of the people aren’t aware even of the problEnus changing regular habits
requires an education policy, environmental frigndiolutions require strong

economies and stable political objectives.
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Figure 1.5: Temperature variations by years [4]

In the late 1980s, first actual studies had begusotlve the anthropological global
warming problems and to achieve a sustainable @mvient. United Nations has
taken some actions like “Agenda 21" and “Kyoto Booi”. Although nearly all
nations accept and promise to effectuate the tehaisare decided in assemblies,
implementation phase has always been a problerbatiause of the non renewable
energy dependent technology that has been develamddoday and high priced,
labor intensive and expertise required new tectgywland methodology for a

sustainable environment.

Agenda 21[5], is a program proposing global, nati@nd local actions to be carried
out by organizations of the UN, governments, angomgroups all over the world
where people impact on the environment. The fuil &¢ Agenda 21 that is released
in 1992 in Rio de Janeiro includes the main tittefs “Social and Economic
Dimensions” to fight with poverty, to change thensomption patterns and to
develop a sustainable social environment, “Congiemvaand Management of

Resources for Development” to protect natural emritent, “Strengthening the Role



of Majors Groups” to involve the social groups fsustainability, “Means of
Implementation” to raise the general consciousimgsscience and technology. In
1997, five years after the first summit, to evadudte progress of Agenda 21 UN had
a special session however the progress was founelv&n” and finally in 2002 in

Johannesburg UN has committed full implementatiioAgenda 21.

Kyoto Protocol is an international agreement idriaéd by the United Nations
Framework Convention on Climate Change in 1997 iansl entered into force in
2005. The objective of the protocol is set as ‘iitadiion of greenhouse gas
concentrations in the atmosphere at a level thauldvgprevent dangerous
anthropogenic interference with the climate systehtie mechanism to achieve that
goal is basically called “emission trading” (carbiading or cap and trade) that not
only introduces maximum limits for greenhouse gasssions but also allows the
countries trade in them. Thus the countries bugedrcredits for each equal to one
ton of CQ if they will exceed the limits or if they won't asthem. Today 183
country, as a ratified member of Kyoto Protocog atying to reduce the greenhouse

gas emissions averagely by %5.2 by 2012 comparedtes of 1990. [6]

1.3 Current Situation in Europe and Turkey

Europe is one of the most energy consuming aredkeofvorld and so one of the
most greenhouse gas producers. Besides Europeam W@ountries are mostly
energy dependent (Figure 1.6) to other countriegsh& European Union sets energy
policies to decrease the energy exports and proprajects for sustainable, secure
and efficient energy uses [7]. European Commissams to achieve a 20%
reduction by 2020 on primary energy consumptionswéler European Union
should reduce 330 million tons of carbon dioxideissimons, instead of 45 million
(20%), until the end of 2010 to reach the objedigEKyoto Protocol [8].
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Figure 1.6: Imports of primary energy by country [2]

Turkey has an energy policy depend on 84% fossikf(iFigure 1.7) and even more
coal thermic plant are planned to construct. Todsyond the measurements to
guide the public to conservation of energy and dsimevater, an energy policy

depending on sustainable management or ecologinalktis not defined. However
recently, new studies about energy efficiency aedifecation have started by

Energy Efficiency Law and regulations. The studies, under the obligation of the
European directive, basically to found a methodgplofjassessment and certification
system of energy performance of the buildings. K dther hand, for the industry
sector, the recent intentions are about to construdear energy plants, which one is
more economically efficient, instead of increasthg usage of renewable energy
sources, which have a longer payback period, likérdpower and wind power

which are widely available in the country.

Figure 1.6 shows that, in comparison to EuropeaiotJoountries, Turkey is one of

the most coal and lignite using countries.
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2. ENERGY AND BUILDINGS

Comparing the inclination of the overall primaryeegy consumptions by sector of
Europe, Italy and Turkey, the ratios are similatthuilding sector is always one of
the most energy consuming sector (Figure 2.1 agdr€i2.2). For all the European
Union countries the building sector is responsiflehe approximately 40% of the
energy consumption and so emissions of carbon aid4].

Final Energy Consumption
of TURKEY by Sector, 2006

M Residential M Industrial

Transportation ® Other

Figure 2.1: Final energy consumption of Turkey by sector, 2[#)6

Final Energy Consumption
of ITALY by Sector, 2004

M Residential M Industrial

Transportation ® Other

Figure 2.2: Final energy consumption of Italy by sector, 2004
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Additionally in Europe, the consumption of energy heating constitutes the most
significant part of the overall consumption by %% for the residential buildings
and 52% for the non residential buildings [8]. Ttheective of European Union
Commission for energy performance of buildingsasibally aiming to increase the
energy efficiency in buildings by energy certificet system and regular inspections
of heating plants.

2.1 Building Design Parameters Which Affect EnergyJsage

Design of the buildings is the primary factor tladfiecting the energy usage of the
building during its whole life. For that reasoncén be said that the decisions which
the designers take in the phase of design spedtiesenergy performance of the
building. Thinking nationally, a design which is twpized according to these
parameters helps to increase the nations’ energgucoptions by improving the

energy efficiency.

2.1.1 Location and Climate

Location of the buildings generally cannot be dedicdy the designers, however
being aware of the potentials of the location casp himproving the energy
efficiency of the building. Politics and cultureaditional know-how about the
construction, local materials and technology andilakle labor and skills [10]
should be searched in the design phase of theifgsldas the traditional architecture

examples can be accepted as environmentally gasgrie

Climate is also a very important parameter of theation. Air temperature, solar
radiation, humidity, wind, cloud and precipitatidata of the local area should be
obtained, while they affecting the design of foormentation, the building envelope,
and HVAC systems.

2.1.2 Site

Site refers to natural and artificial surroundiridgshe building. Solar radiation and
natural light levels should be modified by designatlow or prevent the heat and
light for the passive heating, cooling and illuntioa modes. Wind increases the
heat losses by infiltration, convection and conduct so the orientation, the

relationship with the other buildings and greenefythe site should be organized
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according to the wind. Trees and other vegetatap &lso reducing pollution, noise,
external air temperature while increasing humifli§]. Furthermore the slope of the

site affects the insolation of the building.

Artificial surroundings, other buildings, especgpalh the dense urban sites, cause
lower solar radiation and natural light levels, ueeld wind speeds, slightly higher
temperatures and higher humidity by their positiomsternal surface colors and

altitudes.

2.1.3 Orientation and Obstacles

Defining the obstacles on the site and the oriemtaor the maximum benefit of
potential solar radiation for heat gains and lossasural light for natural lighting,
wind for natural ventilation is one of the most ionfant design parameters [10]. It
affects also further decisions of facades as thelation, glazing, shading and ratio
of opaque and transparent areas differ accordintheéonorth, south or east-west

directions.

2.1.4 Plan, Form and Compactness

Organization of the volumes of the building can ph@mproving the energy
efficiency. Arranging and zoning the rooms with #&n thermal conditions,
allowing or preventing the cross-ventilation by gaments of doors and windows,
using unconditioned spaces as buffer zones [10kanee of the possible planning

decisions.

Form of the building affects its heat gains anééss More compact forms are more
energy efficient due to less heat losses [11].dasing the external surface areas
with the same floor area causes more heat losees. the form should be optimized

for the building size and type.

2.1.5 Building Elements and Materials

The building envelope comprises the most importaunitding elements, such as
external walls, doors and windows, affecting thergw efficiency of a building [11].
As these elements compose the layer between exgribinterior environment, the

features like absorption, reflection and permegbitor the solar radiance, heat
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transmission and transparency ratio should be dedifgy optimizing the heat gains,
losses and natural lighting.

Furthermore, the material of the structure cancaftee energy efficiency as a
thermal mass. Heavy structures such as stone hglve&pacity to store the heat, so
causes less heat losses. On the other hand, tigictuises like timber or steel don’t
store any heat, so their response is quick togimpérature changes.

2.1.6 Operation and Automation

Usage patterns may differ from how the designezndéd [10]. Thus the building
should provide a comfortable indoor environment amdple operation tools of the
technical systems for the users.

Furthermore, the automation systems are an impodlment of the operation
system of the building and they can be designedoasuming electricity that is

produced by renewable sources [11].
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3. ENERGY CERTIFICATION

Energy certification is basically a document (Feg@rl) that informs the users about
energy performance of the buildings and providesnttsome reference values to
compare the energy performance of their buildinghwother similar buildings.
Energy Certification is amdicator for the building energy performance which is
calculated (estimated) by standard data (outdatwén climate, heat gains, etc.) of a
standard usage pattern of space heating-coolingesiic hot water, ventilation and
lighting [12]. Every country in Europe sets the thoglology for certification
nationally and locally by the force of the direetiof the European Parliament and of
the Council on the energy performance of the bioigdi(2002/91/EC).

This home's performance ratings

This home has bean inspected and its performance rated in terms of its energy efficiency and environmental
impact. This is caleulated using the UK Standard Assessment Procedure (SAP) for dwellings which gives you an energy
efficiency rating based on fuel cost and an environmental impact rating based on carbon dioxide {Cﬂzﬁ BIMISSIoNS,

Energy Efficiency Rating Environmental Impact Rating

Current Pmemiall Current | Potential

Visry endrgy efickond - wer rurmiing costs Yoy anvircnenant ity Sl - war €03 svmiasions

fa3-100) /2!

I

L2220
{51:58)

{3580

ot evevgy efficiont « FGher running coss Mot arironment iy SRl - Sigher GO smissos
N—
UK 2005 Diectave ZHOZI/EC E UK 2005 twecw o0z TR
-
The energy etficiency rating is a measure of the overall The environmental impact rating is a measure of this home's
efficiency of a home. The higher the rating the more energy impact an the envirenment. The higher the rating the less
ethcient the home is and the lower the tuel bills will be. impact it has on the emdaronment:

Typical fuel costs and carbon dioxide (CO) emissions of this home

This table provides you with an indication of how much it will cost to provide hghting, beating and hot water to this home
. e a s R A K e S : :

Figure 3.1: Example energy performance certification document

Energy certification should be based on a basicggngiagnosis of the building that
includes energy efficiency values. Thus the cedifon document should conclude
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also possible interventions and improvements etieedly and economically [13].
Besides presenting the energy performance of tiditg, it should also include a
compulsion to restrict the use of energy and advioeenergy efficiency by the laws

and standards that it is based on.

Another important objective of the energy certifioa is to create and to develop a
consciousness of the final user about energy stshjas asserted in the directive, the
public buildings or the buildings that are visitezbularly by a certain number of
people can be the examples for the application @devklopment of the energy
efficiency projects and certification procedure .[#urthermore, organizing the
energy certification document as an indicator éasynderstand, not only for experts,
but for everyone, will contribute to increase tlomsciousness about energy and will

increase the value of more energy efficient bugdim the market [12].

Actually the idea of certificating the buildings exgetically is quite new and the

nations are getting experienced by the implemariaifficulties. So the process of

energy certification is not completed in any coyrdnd so the certification is not

still being applied completely. Generally the apation process begins with heating
period certification for existing residential builds and continues by new and non-
residential buildings and includes also coolingqus.

3.1 Directives, Laws, Standards

The certification system for energy performancebafidings may be studied by
legislative parties, politicians and experts toimethe basic concepts, methodology
and sanctions. In the case of Europe the basimeut defined by the EU directive
2002/91/EC - Energy Performance of Buildings Dikext However the energy
needs and usage of the buildings are very muchecel® the climatic conditions,
local laws, and so local tradition of usage of matg, thus certification systems
should be detailed by national laws, standardsegulations. According to the
directive every country is responsible to develtgpdwn energy politics, targets,

legal basis and energy certification system.
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3.2 Organization

Application of energy certification system requirascollaborative work, as it
requires a legal basis, an organization for inspecexperts for the energy diagnosis
and certification of the buildings. The governmenmntiversities, private organizations
and individual experts are all needed for a coneptsrtification system. It is also
important for the entirety of the system that thesigners and the clients are also

conscious about energy efficiency subjects to p&ees in the system.

In fact, as the users are responsible to get etieatig certificated the buildings;
they become the most important part of the systonan easier system, apart from
the energy diagnosis, to see and to compare quibklyenergy performance of the

building, may also be developed.

3.3 Data Collection

Data collection part is one of the most significardacesses of energy certification as
it affects the calculation results. For a detadeergy diagnosis, every detail about
the design, building elements, materials and detdithe building should be reached,
and then all the data should be organized accofirige required calculation such
as heating, cooling, ventilation, etc. However s@reedefined data that is specified
by legislative documents may be used in energyfication. In this point, experts

and politicians should decide together about tleedafined data for the easiness of

the system and the compatibility to national engrghcies.

In the action of data collection, the local lawsnslards or producers’ catalogues
would be helpful to find the materials’ featureslsas thermal conductivity, specific
heat, etc. Thus it is also important for the malgproducers to be transparent about

the information.

3.4 Methodology of the Assessment of the Energy Pemmance

Every nation that wants to have an energy certiboasystem has to define a
methodology and calculation procedure for the a&@sseat of the energy
performance of the buildings. Calculation procedfoe the Energy Certification
should be clear and may be supported by a calonl#biol also. The important point

is that the procedure should be national but aigernational in the means of that a
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building that is certificated by different energgrification systems should have

similar results and energy classes [12].

Energy performance includes active and passiventdleaind electrical characteristics

of the building and should be determined accordanthe minimum and maximum

limit values. Additionally it differs depending adhe type of the building and the

phase of project. In the directive the buildings aassified like:

Single-family houses of different types
Apartment blocks

Offices

Education buildings

Hospitals

Hotels and Restaurants

Sport facilities

Whole sale and retail trade services buildings

Other types of energy-consuming buildings

Energy certification is basically applied to consted buildings, however energy

diagnosis should be performed in different phagenstruction to achieve a more

energy efficient building system. There are bakjcdiree phases of construction

which an energy examination can be profited:

1.

If the project is on the phase of design or comsitbn, energy needs of the
building should be calculated and checked compigyibio the required

values. In this phase simulation programs wouldhddeful to visualize more
or less the real situation of the building. Afterds by the help of the
outputs of the simulation, the design should benuped according to the

energy requirements.

If the calculation is being made on the existingldings or after the

construction (measurements made just after the treati®n cannot be

reliable as it takes couple of years for the buaddito reach the energy

balance), energy consumption of the building shobé& measured and

classified according to the certification system.this phase, the computer
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programs that are developed for the current ceatibn system would be
helpful to display the performance of the buildinghere are several
programs published on the internet that they arg wseful for everyone can

find out if their building is compatible with thaws.

3. However in the case of restoration, first the aofrreituation should be
checked. The details should be examined, and @lhdtessary data should
be gathered. Programs developed for the certifinagiystem can be used in
this phase. Furthermore the restoration projestishbe prepared according
to the data and the outputs of the program. Sinaungirograms can be used

to develop the new construction to be compatiblé wWie current laws.

3.5 Giving Advices

Energy certification system aims to develop eneeffyciency of buildings and
decrease the greenhouse gas emissions, espedllynCanother point of view, the
certification gives an extra value to the buildiag the directive sets the terms that
the certification documents should be presentedase of selling and it should be
displayed to people in the public buildings. Sorggecertification shouldn’t be a
static document that demonstrates the situatioa ofoment. Contrarily it should
help the users to advance the buildings’ energeharacteristics for further
examinations. For these reasons in the certifinadlmcument, there should be placed
advices and possible interventions to develop timeent situation and reference
values to compare the energy performance of thddibgi Additionally the

renewable energy sources should be mentioned.
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4. ENERGY CERTIFICATIONS IN EUROPE

Energy Certification studies have started in EuappéJnion Countries by the
directive on energy performance of the building2®02, and so on every nation has
built up the legislative basis and certificatiorstgyn nationally and regionally. As
the two comparison cases of this essay are thd#icaron system of Italy and
Turkey, we shall analyze the national laws and ledns of these countries in
accordance with the European directive and stasdandltaly first law about the
energy performance of the buildings has come iotoef in 1991, however by the
laws D. Lgsl. n. 192/2005 and D. Lgsl. n.311/200& ctertification system has
started and today for the existing residential dinds, the energy certification
system is in use. Turkey, as a candidate to Europsaon, is also responsible to
fulfill the requirements of the Union. For that sea Turkey has started the studies
about energy certification in 2007 by the Energfidigincy Law (5584). However
for the certification system, studies are in pragrébecember, 2009).

4.1 Legislative Basis in Europe for Energy Performace Assessment

The European Directive 2002/91/EC draws a basiodréor the certification of the
energy performance of buildings. Furthermore EuaopeCommittee for
Standardization has regulated the standards to maditable the necessary data and
to provide an infrastructure for the nations toldbuip their own certification systems.
Here in this chapter the summaries of the direcavel the some of the most
important standards which the countries are follmaduring the energy performance
calculations are given to display the basic citeri the energy certification system

of Europe.

4.1.1 EPBD European Directive on the Energy Perforamce of Buildings,
2002/91/EC

The objective of the European Directive on the BydPerformance of Buildings
2002/91/EC is stated to define a common procedaretife calculation of total
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energy performance of buildings, to set minimumrgneerformance requirements
for new buildings and existing large scaled budginwhich are renovated.
Additionally it defines the general conditions afeegy certification of buildings.
Finally it establishes the systematical examinatdrboilers and air conditioning
systems. [14] Thus, the directive determines theeg® points to develop energy
performance in the buildings by taking into accotln& local climates, internal heat
gains and losses, and energy and cost efficientlyeotfieating systems. This concept
contributes the need of obtaining the criteria wmpare different buildings,
especially non residential ones, in different coestbasically in terms of energy

costs [8].

The directive defines only a comprehensive strigctiirthe calculation methodology
for all the member states; however they can deviiep own detailed method for
the calculation of energy performance of buildirgsd certification system on
national or regional base. As refers Cellura, Larer and Orioli, the directive, to
evaluate the energy consumptions of the buildingguires simply introducing the
common criteria to determine the energy efficiescperforming regular inspections
and updating energy analysis, requiring the advstandards in the presence of the
large scaled restorations and developing new stdadtor new buildings [8].
Followings are the aspects which are necessarg tmwhsidered in the methodology

that every nation will define:

e Thermal characteristics of the building envelopal anternal partitions,

including air-tightness features,

e« Heating and hot water supply system, including rthémsulation

characteristics,
» Air-conditioning and ventilation system,
e lllumination system, mainly for non-residential lolimgs,
» Position and orientation of the building, includiogtdoor climate,
» Passive solar systems and solar protection,
* Natural ventilation,

* Indoor climatic conditions, including the desigriedoor climate.
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Furthermore it is stated that heating and air domdng systems should be designed
and examined for optimum consumption of energylaio the physical comfort of

the occupants [15].

In addition, it is important to take into accouhetpositive contributions of the
technical systems, such as active solar systemselkaatticity generation systems
based on renewable energy sources, district oklhleating and cooling systems and

natural illumination systems.

Every member state should decide the minimum enpegformance requirements
for buildings according to the general structurecivhs set by the directive. Besides
it is specified that to decide upon the requirersgittis necessary to analyze the
construction years and types, environmental sdonatnd surroundings of the
building. Once the minimum requirements are segyttshould be revised

continuously in a period that shouldn’t be londeart five years. Finally the directive
allows the member states to decide to have sonmepagaos for the appliance of the

requirements in some cases which are defined phatig in the directive.

In the phase of determining the minimum energy grarance requirements, it
shouldn’t be forgotten neither the indoor climateditions which may have some
positive effects if it was recuperated the old amsufficient ventilation systems.
Actually a special attention paid to the air coiotiing systems may create a
development of energy efficiency of the buildingridg the summer period and

finally it is aimed also an improvement of the pasooling systems [8].

In the directive, two articles are set for the iempkntation of the minimum
requirements for the new and existing buildings. the new buildings, the directive
gives the responsibility to the member stateske the essential actions to guarantee
the new buildings meet the minimum energy perforrearequirements. Moreover,
before the construction of the buildings with a fieor area more than 1008nthe
technical, environmental and economic feasibilitydges for alternative systems
should be completed. For the existing buildingshwat net floor area more than
1000nf, in the case of major renovations, it is necessarypdate the energy

performance according to the minimum energy peréooe requirements.

Another significant article in the directive that anergy performance certificate

should be prepared for buildings and in the cassetling or renting it should be
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presented. According to the directive, the engrgyormance certificate is valid for
maximum 10 years. The certification document shalid provide the reference
values and recommendations for the consumers tgaanthe building’s energy
performance and to improve it. Besides in the fieation document, recommended
and current indoor temperatures should be displalyacthermore the certification
documents for the public buildings or buildings ehiare being visited by a large
number of people frequently should be displayea@ iplace easily-seen by public.
Finally it is asserted that the expression of thergy performance of the building
should be easily understandable, comparable andCils emissions of the building
may be contained.

Another subject that the directive refers is thesfiection of the boilers” to reduce
the energy consumption and carbon dioxide emissiBuery nation should set up
rules to achieve an inspection system for the ®ikhich are using non-renewable
combustibles and with a output of 20kW to 100kW wdaer for the boilers which

have an effected rated output more than 100kW oigpe should be performed

every two years and for the ones older than 15syear inspection, including the
assessment of the efficiency of the boiler andetheduation of the comparison of the
size of the boiler and heating requirements oflitiding, should be made for the
whole heating plant. Likewise the similar inspesticshould be applied to the air

conditioning systems that have an affected ratégubunore than 12kW.

To conclude, to perform the energy certificationl #me inspection of the boilers and
air conditions should be performed by independgpess.

4.1.2 EN 15251 Indoor Environment Input Parametersfor Design and
Assessment of Energy Performance of Buildings — Adessing Indoor Air

Quality, Thermal Environment, Lighting and Acoustics

The European Standard named as “EN 15251 Indoardemeent Input Parameters
for Design and Assessment of Energy Performan@uidlings — Addressing Indoor
Air Quality, Thermal Environment, Lighting and Acsiics” asserts that design and
usage pattern of indoor environment systems hasg@mificant effect on energy
consumption the buildings, as indoor environmentdigectly related with the
physical comfort of the users [16]. It is also defi in Directive of Energy
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Performance of Building [14] that indoor environrmheoonditions should be
optimized by satisfying the minimum energy perfont@requirements.

The standard designates how to determine the péesne design indoor climate
and to calculate the energy performance of thalmgl It specifies the indicators for
long term evaluation of the indoor environment.also describes the necessary
criteria to measure in case of inspection, andind but the indoor environment
conditions. However it is important to note thatthe standard it is asserted that it

can be used mainly for the non-industrial buildings

In this standard there are several ways for ealduledéion, but it is up to member

states to decide which one is proper for theiramati conditions.

Design Input Criteria for Dimensioning of Buildingdeating, Cooling, Mechanical

and Natural Ventilation Systems

To reach a comfortable environment, the input datadimensioning different

systems contains these aspects:

 Thermal Environment:The standard proposes for an optimum thermal

environment that the PMV-PPD (predicted mean vopeedicted percentage
of dissatisfied) indices should be used. Thesecewiallow achieving an
indoor temperature value by assuming the level dfoa and thermal
insulation for clothing. Also, when dimensioningetlneating or cooling
systems, using PMV-PPD indices, instead of tempegatllows to take into
account the effect of increased air velocity. Amotladvantage of these
indices is they can be used for the buildings withmechanical cooling as
well as mechanically ventilated, cooled and hediaiidings. However it
should be considered also that the adaptationshefdccupants in the

buildings without mechanical cooling can be highvi@armer conditions.

* |Indoor Air Quality and Ventilation Rate3he ventilation rates for indoor air

quality are independent from season. They depenaamupancy, indoor
activities, processes and emissions from buildiregemmals and furniture. In
the residential buildings, the humidity should bensidered also for the
indoor air quality as it causes condensation andldnhproblems that affect
the health. The methods and the tables to obtanvéntilation rates for

residential and non-residential buildings are exjgd in the annexes of the
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standard. Filtration of the supply air can be hedpio improve the IAQ in
very polluted areas and limiting the pollens, odord gaseous contaminants.

Humidity: Humidification of indoor air is usually not reqed except the very
humid climates or for some special buildings likeiseums, historical
buildings, etc. Humidity not only affects the thedncomfort (microbial
growth or dryness, irritation of eyes and air wag(l indoor air quality, but

also the physical requirements (condensation)@bthilding.

Lighting: Lighting conditions should be considered especitdr the non-
residential buildings as the volumes and depthslanger than residential
spaces and the tasks performed requires diffefeminance levels which
are given in the annexes of the standard. The nésiginance levels can be
obtained by daylighting, artificial lighting or daotHowever daylighting has
more advantages over artificial lighting as it ealhier, more comfortable
and less energy consuming. The combination of lgghirces should depend
on occupancy hours, location of the building, antoohday light hours

during the year.

Noise: Noise here indicates the noise from the HVAC systenot the noise
from outside. The noise from HVAC systems can distihhe occupants and
prevent the intended use of the space or the bgil(#.g. theaters, halls, etc.)
The noise levels for different building types anchdtions are explained in
the annexes of the standard. Furthermore, in Hreatd it is asserted that the
ventilation should not rely on openings of windoiusthe areas with high

outdoor noise levels.

Indoor Environment Parameters for Energy Calcutatio

To perform a yearly energy calculation as it exptdi in EN ISO 13790,

standardized input data is required and for diffetgypes of calculation methods

(monthly, seasonal, hourly, etc.) the input datg aiffer also.

Thermal EnvironmentFor the seasonal and monthly calculation methdds o

energy consumptions, the same indoor air temperatalues that are used to
design the heating and cooling systems can be wsegever for hourly
calculation methods, the temperature ranges aengiv the annexes of the

standard.
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* Indoor Air Quality and Ventilationtn non-residential buildings same values

of ventilation rates that are used for the desifythe ventilation system can
be used. The special consideration is requirechsure the good indoor air
quality in the beginning of the occupancy hourse NMentilation can be
started before the occupancy or a minimum leveleagitilation should be
provided for the unoccupied hours. In the resiggriuildings, however, if
the mechanical ventilation system is used, a lovegttilation rate should be
fixed during unoccupied hours. In case of natueadtiation in the residential
buildings, calculations should be made dependinguwilding layout, location
and weather conditions and for the same ventilataa values that are used

to design the ventilation systems can be used.

e Humidity: Indoor air humidity should not exceed a minimuna amaximum
level of relative humidity. However, unoccupied Ildings may be
dehumidified to prevent long term moisture damages.

e Lighting: The same criteria for designing the system maywded for the
energy calculations. Luminance level is independeoth the seasons, but

energy calculations should be made only for océapdtours.

Evaluation of the Indoor Environment and Long Téndicators

An evaluation study should be performed after theole system designed for
internal environment to ensure the minimum energygomance requirements. The
evaluation is made for representative rooms foryewene and for representative
time periods. The evaluation studies can be baseddesign, calculations,

measurements or questionnaires.

In the design phase the evaluation studies shaailchdode under the categories that
are described in previous parts: thermal criteoiawinter and summer, air quality

and ventilation criteria, humidity, lighting andaasstic criteria.

For the studies based on calculations are corthistisuilding simulation tools. There

are some different options as:

e Simply, to evaluate whole performance of the buaiddsome representative

rooms are simulated,

* Hourly, the total hours which meet the design aater not are calculated.
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» Degree hours, the upper and lower boundary of duyges hour values of the

exterior environment can be used as an indicator.
* The PMV technique can be used as an indicator.
All methods are described in detail in the standard

To evaluate overall performance of the buildingnsomeasurements can be made

also. In this case the nation acceptable deviasbosld be defined.

* For the thermal environment, the temporal measun&rghould be taken in
representative rooms, orientations, with differeatds in representative time

periods and spatial distribution of the temperatsteould be controlled.

* The measurements for the IAQ and ventilation shdaddmade by taking
samples from different air supplying units and zor@Q concentrations can
be measured when the building is fully occupied. the ventilation the air
flows in the ducts can be measured.

* Measurement of illuminance can allow the evaluatibhghting.

* Evaluation of the noise is the optimization of #eerior noise and noise
from the ventilation systems. If adequate ventlatican be obtained by
opening the windows and the exterior noise remaimder the acceptable

levels.

Finally direct reactions of the occupants can bedusy questionnaires to evaluate
the overall energy performance of the building.

Inspections and Measurement of the Indoor EnvirarinmeExisting Buildings

During the inspections of the building systems sonsasurements are necessary to
check and to improve the system’s performance ifige@nd cooling loads, system
sizes) and to give advices to users (operation).

Measurements for the thermal environment shoulthde where the occupants are
using the most and for the 3 coldest months ofwimter and 3 warmest months of

the summer. Measurement period should be minimurhay® to be representative.

For the indoor air quality measurements there wredpproaches. One is based on
the measurement of the @€@oncentrations where the people are the main taolis.

The measurements should be made in a represenédne where the occupants are
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using the most and at the head level in the winterditions when the fresh air
supply is lowest. In some cases the measuremetiteoocertain moments (the worst
time) may be enough. The other approach is basedhenfresh air supply
measurements. At the whole building level the frashvalue per fhand at room

level fresh air value per hand per person should be checked reference values.

llluminance measurements should be made to cheeklig¢it quality and the
discomfort conditions like glare. Measurements #thcae performed without the
daylight and during average cloudy conditions orizomtal planes approximately at
0,8m.

Classification and Certification of the Indoor Eroriment

For the overall evaluation of the energy perforneanaf the building and
classification, indoor environment information shibibe included in the energy

certificate document. This can be made in two diifié manners:

» Detailed classification and certificatiordisplays the design criteria,

calculations, measurements for each parametem#heonditions for winter

and summer, air quality and ventilation, lightimglaacoustic.

« Recommended (simple) classification and certifaatincludes footprints

just for thermal and indoor air quality conditiotisat are displayed as the

percentage of time and separately.

4.1.3 ISO/FDIS 13790 Energy Performance of Buildirg— Calculation of Energy

Use for Space Heating and Cooling

The European Standard named as “ISO/FDIS 13790 ggneerformance of

Buildings — Calculation of Energy Use for Space tilgpand Cooling” introduces

the assessment methods for the design and evaluztithe energy performance of
the buildings, by taking into account the additioaHfects of recoverable energy
losses, the contribution of building products aad/ges to the energy conservation
[17]. In the standard, different calculation progexs can be found for different
phases of design, and also for the existing buglinThe calculations that the

standard defines basically are:
» the heat transfer by transmission and ventilation,

* internal and solar heat gains,
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* annual energy needs for heating and cooling,
e annual energy usage for heating and cooling.

It is also defined the necessary inputs, such &srnmation about the thermal
transmission and ventilation, external or innertlggans, climate features, physical
description of the building, required optimum comfoonditions and all data for
HVAC and lighting systems, for the outputs of ari{oa monthly) energy needs and
annual (or monthly) energy use for space heatirg aoling, and the duration of

heating and cooling periods.

The standard assumes that calculations can be fmadesidential or non-residential
buildings. Buildings can be divided in differentnes according to the set-point
temperatures. The calculation interval can be ainose season (heating or cooling),

one month or one hour by using hourly schedules.

The standard can be helpful to check the compliaridie energy regulations, to
compare the different alternative designs in temwhsenergy performance of a
building, to standardize the energy performancel&wof the existing buildings, to
see the potential energy conservation measurenamsto figure out the future

energy needs.

The Calculation Procedure

The proposed calculation procedure of the standardsed on the energy balance of
the buildings and systems (Figure 4.1). Basicdlly ¢lements of energy balance at
the building level are the transmissions and vatdih heat transfers between the
exterior and conditioned zones or between the adjamones, internal and solar heat
gains, heat storages and losses from the heat mexssjered energy losses and
energy need for heating or cooling. However atspigtem level the elements are
energy need for heating or cooling of the zoneewable and non renewable energy
inputs, system energy losses by generation, stordgé&ibution, emission and

control subsystems, energy need for pre-heatingreicooling, recovered energy
losses and energy output from the heating or cgdystems. The Image shows the

energy balance of an energy system.

As a result, this approach leads us to differepésyof calculation methods, as they

are defined in the standard:
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Calculating the heat balance over a long time pe(oonth or season) and
taking into account the dynamic conditions by diagtion factor is called

“quasi-steady-state methods”,

Calculating the heat balance by short time lagudjoand taking into
account the heat storage capacity of the buildiragans called “dynamic
methods”.

However 1ISO 13790 includes three different typesaltulation methods which can

all be parts of the whole calculation procedure.

SOLAR GATS ——8

GATYSFROM = e INTERNAL .
FEQUIPMENTS — % S AINS ;
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GAINS FYERGTFOR
YENTILATIRT
& USLELL LNLRGY
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LINEREIY UL FROM THE CONDITIONING FNERGY FOR
IHE GENERATOR CLNERATGR HEATING
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METABOLISM TITILTZF} FATERMAL
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?
|
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RECOVERFD STSTEM LOSSFES
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Figure 4.1 Energy Balance [6]

The proposed general outline for the calculatiactedure is given below:

1.

2.

Decide the calculation method, quasi-steady-statlyiwamic methods.
Define the boundaries and thermal zones of thelimg!

Define the input data for calculations: internal nditions, set-point

temperatures, the external climate and environrhdata.
Calculate the cooling and heating energy needvernetime step and zone.
Calculate the operational length of heating or icgpseason.

Combine the results.
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1. Deciding the Calculation Method:

At national level it can be decided which methodmathods can be used or will be

mandatory.

- Monthly Quasi-Steady-State Calculation Method: Ghtton of energy
needs by months gives correct results for the wiede. However the results
for the months which are close to the beginningherend of the heating or
cooling season may have some errors. In this mati@dynamic effects like
gains, losses or storages of heat should be takitmy account by the

correlation factors.

- Simple Hourly Dynamic Calculation Method: This madhallows to use
hourly schedules of users and systems. Howeverasdts for individual

hours may have some errors.

- Detailed Dynamic Calculation Method: Dynamic methogive the most
reliable results as they model the whole heat dbariatics like flows by
transmissions or ventilations, storages of thedmg. However they can be
very complex that requires a laborious work. Thushis standard only the
standardized data of boundaries, inputs and ougetgiven to be used in
different dynamic methods.

2. Defining the Boundaries and Thermal Zones of thiddig:

First of all the boundaries of the building of whithe energy performance will be
calculated should be defined. Conditioned areasuldhbe separated from the
external environment and adjacent buildings for ¢éimergy need calculations for
heating or cooling. After defining the boundarige whole building can be modeled
as a one zone or it can be divided into severakzarccording to the different
thermal conditions of each room. The principleghs& zoning of a building are as

followings:

- If the difference between the set-point temperatofethe different spaces of

the building is not higher tharfi, they can be considered as a one zone.

- If different spaces are serviced by the same hgatiooling or ventilation

systems, they can be considered as a one zone.
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- Even if the different spaces are serviced by thmesaystem, if they have
different requirement of usage and set-point diffiee more than°&, they

can be considered different zones.

3. Defining the Input Data for Calculations:

After defining the zones, the set point temperaui@ the zones are calculated
depending on the chosen calculation method. If alevhuilding is defined as a one
zone, the set-point temperature is calculated hthgias:

Zs Af,seint,s,set
Qint,set = YA (4.1)
saf,s

Bntsset IS Set point temperature of the space, may bldating or cooling.
At is conditioned floor area of the space.

If there is more than one zone, it should be detitiéhe calculations will be made
as assuming that there is or there is not heasfeametween the adjacent zones.
Furthermore in this phase the data for the eneegg rtalculations such as external

mean air temperatures, data about the sun, windhamidity, should be gathered.

4. Calculating the Cooling and Heating Energy Needs:

Calculation procedure may differ depending on thesen calculation method (first

step), however generally all methods follow thesps
a. Calculation of the internal, environmental and otledevant data inputs,
b. Calculation of heat transfer by transmission,
c. Calculation of heat transmission by ventilation,
d. Calculation of the internal heat gains,
e. Calculation of the solar heat gains,
f. Calculation of the dynamic parameters.

However, before explaining the steps, it can bersanzed different calculation
methods to see the differences of approaches. Bothty and seasonal methods the

energy need for heating is calculated for each amgeeach time step as:

Qt.nd = Qe = /7H,grQH.gn 4.2)
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Where Qu e is total heat transfer for heating mod@, 4, is total heat gains for

heating mode ang gn is dimensionless gain utilization factor.

And energy need for cooling is calculated for eaghe and each time step as:

Qcnd = Qcgn - 71c,1Qc ht (4.3)

Where Q¢ Is total heat transfer for cooling mod®c 4, is total heat gains for

cooling mode andyc s is dimensionless utilization factors for heat &sss

Total heat transfers indicate the sum of the heatsters by transmission and by

ventilation and total heat gains indicate the stithe internal and solar heat gains.

Secondly, simple hourly method is a simplified dyma method with the some
advantages of monthly methods, like limited setauiations, reduction of input data,
and traceability of calculation process. Furthemnsimple hourly method takes into
account the hourly schedules that cannot be usedomthly method. Also in the
calculation internal air temperatures and meanarddiemperatures are specified
differently, so this enables to check the thern@hfort conditions. The model is

based on equivalent resistance-capacitance model.

In the Figure 4.2, it is illustrated the basic cddtion logic, input data and the
relations in between. The energy need for heatimdy @oling @ycng is found by
the calculations for each hour. This energy is it internal air € 5;) to ensure a
set-point temperatured(s) which is weighted mean of ai@(;;) and mean radiant
temperaturef, mn). Heat transfer by ventilation(c) and transmissiorH{,) are both
connected to set-point temperatutg,f). However heat transfer by transmission is
split into heat transfer by windows — zero thermmalss Ky ) and by thermal mass

(Hw.0p). Furthermore the internal and solar heat gaiesiffecting all three nodes.
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Figure 4.2: Five resistances, one capacitance (5R1C) model

Finally for the detailed dynamic calculations thatemerous methods and programs
that can be used, so for these methods the coropliaith the related standards are

important.

Apart from the calculation procedures for energedse of heating and cooling
systems, in the same part of the standard, the sfeferations to integrate or isolate
the interactions between the systems and buildegyeen the zones, etc. and the

calculation of the season lengths are explained.
4b. Calculation of Heat Transfer by Transmission

For the monthly or seasonal method heat transfdramgmission@y) is calculated

for each zone and time step as follows:

Qu= Htr,adj( Bnt,setHic- Gt (4.4)

Hir agjis overall heat transfer coefficient by transmiasod the zone, adjusted for the

indoor-outdoor temperature difference.

Bt set HiCIS Set-point temperature of the zone for heatingooling.
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@ is temperature of external environment.

tis duration of the calculation step.

Hir.agj= Hp + Hg + Hu+ Ha (4.43)
Hp is direct heat transfer coefficient by transmisgdio the external environment.
Hg is steady-state heat transfer coefficient to tioengd.

Hy is heat transfer coefficient by transmission tigtounconditioned spaces.

Ha is heat transfer coefficient to adjacent buildings

In generaHy, representing thelp, Hg, Hu, or Ha is obtained as,

Hx = by x [ZIAU; + 2tk + Zix] (4.4b)

Whereby, « is adjustment factor, it is not equal to 1 if teenperature at the other side
of the construction is not equal to the externelt@nperature, such as the adjacent

unconditioned spaces.

A is area of the building element | of the buildemyelope.
U; is thermal transmittance of the element.

lk is length of the linear thermal bridge k.

Yk is linear thermal transmittance of the thermadigei.

X; is point thermal transmittance of the point thdrbrage |.

Heat transfer coefficients are used in the simptarly method; however a
distinction is necessary between lightweight (gtaznvelope) and heavyweight

building elements (5R1C model).

The detailed calculation scheme, the special elésraard procedure are explained in

the standard for every calculation method.
4c. Calculation of Heat Transmission by Ventilation

For the monthly or seasonal method the calculabéntotal heat transfer by

ventilation Q.e) for each zone is:

Qe = Hve,adﬁam,set,H/C' )t (4.5)

Hve,aqj IS Overall heat transfer coefficient by ventilatioadjusted for the indoor-
outdoor temperature difference.
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Bt set HiCIS Set-point temperature of the zone for heatingooling.

@ is temperature of external environment.

t is duration of the calculation step.

The overall ventilation heat transfer coefficiest i

Hve,adj= 0:Ca (Zxbve ke k,mn) (4.5a)
0:Ca is heat capacity of air per volume = 1200°%Km

Ove kmnIS time-average air flow rate of air flow elemént

bve k IS temperature adjustment factor for air flow edernk, it is not equal to 1 if the
supply air temperature is not equal to the exteamatemperature, in case of pre-

heating, pre-cooling or heat-recovery.

The same method can be used for simple hourly rddblyccalculatingHye,adj = Hve
for each hour and for every different system.

The detailed calculation scheme, the special elésraard procedure are explained in

the standard for every calculation method.
4d. Calculation of the internal heat gains

Internal heat gains consists any heat gains (aeksas negative gains) in the

conditioned space:
- Metabolic heat from occupants,
- Heat from lighting devices,
- Heat dissipated from or absorbed by hot and maatenvand sewage system,
- Heat dissipated from or absorbed by heating, cgainventilation systems,
- Recoverable system thermal losses.

For the monthly and seasonal method the interratl ¢y@ns are calculated for each

zone and time step as:

Qint = (Zk czjint,mn,k)t + [Zl(l - btr,l czjint,mn,u,l]t (4-6)

by, is the reduction factor for the adjacent uncoodiéd space with internal heat

sourcd.
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@n.mnk IS time average heat flow rate from internal rseairce k.

Dnemnul IS time average heat flow rate from internal heatrce | in the adjacent

unconditioned space.
tis length of the considered month or season.

For the simple hourly method, the hourly valuehe#t flow rates of internal heat
sources can be summed or can be used again treegavealues for a decided time

period.

The detailed calculation scheme, the special elesrard procedure are explained in

the standard for every calculation method.
4e. Calculation of the Solar Heat Gains

The orientation of the building and transparentgaf the building, shading devices,
other obstacles, solar transmittance and absorptadnes, thermal heat transfer
characteristics of the envelope element of thedmgl are all affecting the total solar

heat gains of the building.
The collecting areas are,
- The glazing, including any solar shading
- The external opagque elements
- The internal walls and floors of sunspaces
- The walls behind a transparent cover or transpamnsatation

The characteristics of the heat flow from solamgadlepend on climate, time and
location. It can be said that the characteristeny wver time, so for the calculations

the adequate mean or conservative values can de use

The overall solar heat gains are calculated forthlgrand seasonal method for each

zone and each time step as:

Qsol = (Zk Qsol,mn,k)t + [Zl(l - btr,l)@sol,mn,u,l]t (4-7)

by, is adjustment factor for the adjacent uncondittbrspace with internal heat

sourcd.

Dsormnk IS time-average heat flow rate from solar heatsek.
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Dsoomnu, 1S time-average heat flow rate from the heat souren the adjacent

unconditioned space.
t islength of the considered month or season.

For the simple hourly method, the hourly valuesheét flow rates of solar heat
sources can be summed or can be used again treegavealues for a decided time

period.

Dsoix = Fsh,ook Asolk Isolk = Frk@rk (4.7a)

Fshobk 1S shading reduction factor for external obstadies the solar effective
collective areaof surfade

Asoix is effective collecting area of surfak&ith a given orientation and tilt angle.

Isolk IS SOlar irradiance, the mean energy of the sotadiation over the time step of
the calculation, per square meter of collectinga@facek with a given orientation
and tilt angle.

Frx is form factor between the building element dralgky.

@« is extra heat flow due to the thermal radiatiothte sky from building elemekt
Effective collecting area for the glazed elemésitsalculated as:

Asol = Fsh,giOgi (1-FF) Awp (4.7b)
Fsn,gi1S shading reduction factor for movable shadirayjsions.

Qg IS total solar energy transmittance of the trarespigpart of the element.

Fr is frame area fraction, ratio of the projectedrfeaarea to the overall projected

area of the glazed element.

Aw,p is overall projected area of the glazed element.

Effective collecting area for the opaque elemestsaiculated as:

Asol = Os,c X ReeX Uc X Ac (4.7¢c)
as ¢ is dimensionless absorption coefficient for sotatiation of the opaque part.
Rseis external surface heat resistance of the oppgue

U, is thermal transmittance of the opaque part.

A is projected area of the opaque part.
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Solar heat gains from opaque elements can be osiyal portion of total solar
gains and can be ignored. However for the darkredl@nd poorly isolated large

faces the solar heat gains can be important.

The detailed calculation scheme, the special elésrard procedure are explained in

the standard for every calculation method.
4f. Calculation of the Dynamic Parameters

In the monthly and seasonal method the dynamicsffare taking into account by
gain utilization factor for heating system and ladgization factors for cooling
systems. The simple hourly method, however, consbihe thermal capacity of the
building zone in to a single resistance-capacitgae

In the standard the detailed calculation methodsbeafound for dimensionless gain
and loss utilization factors. Also the calculati@ml equations for the application of
the 5R1C model can be found. Finally the interredthcapacity of the building is
explained for both monthly and seasonal methodsangle hourly method.

5. Calculating the Operational Length of Heating oo{iw Season:

The calculation method for the length of the seadgrncan be decided nationally,

however the standard proposes the following methods

For the monthly calculations:

Ln =XmZ1° Sy  @nd (4.8)
Le=Ym=32 /i (4.9)
Ly is length of the heating season

Lc is length of the heating season

fumis fraction of the month that is part of the hegtseason

fcmis fraction of the month that is part of the hegtseason

The fraction of the month can be decided accortbrigvo different options:

Optionl is a simplified method that bases on thie @& heating and cooling energy

need to overall energy need of the building.

Option2 bases on the monthly values for the hdanba ratio for the heating mode.
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The two options are explained in detail in the dead.

For the seasonal calculations, length of the hgadimd cooling season depends on

the heat-balance ratio and thermal inertia.

For the simple hourly calculations, the length lo¢ theating or cooling period is
determined by averaging the heating or cooling r@ext the previous four weeks.
The start and end of the seasons are determinédantitreshold value of 1 Wfm

floor area.

6. Combining the Results:

After calculating the overall energy needs for mepaind cooling for each zone and
for each time step, to find the annual energy néadseating and cooling all results

should be summed:
Qt,ndan=2i Quna; and (4.10)
Qc ndan= Zj Qcnd,j (4.11)

In the case of multi-zone calculation, each sunefmh zone also should be summed

to reach the final total energy need for heating) @oling.

After finding the energy needs separately for eadtem, to combine the results the
standard offers 3 options:

- Optionl: Overall annual energy nee®4) is obtained by summation of
energy use of each syste@u(sys and Qcsy9 plus auxiliary energy use. The
thermal loses are found by taking the differendsvben the energy needs for
heating and cooling.

- Option2: Overall annual energy neeQy) is obtained by summation of total
energy needs for each system, total system lossuaxitiary energy use. The
thermal losses and auxiliary energy comprise géioeatransport, control,

distribution, storage and emission.

- Option3: The heat losses are indicated by an efficiencyofaand total

system energy needs are:

QH,sys= Ze0d and (4.12)
'7H,sys
— QC,nd
QC,sys— (4-13)

C,sys
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The table that is shown in Figure 4.3 is given g standard to propose a way to
present the inputs and outputs that are necessamnergy certification. The table
can be prepared for different zones and systems santimated for the whole

building.

Energy carrier

Use of energy

District heating
Destrict cooling

Heat
Wiood
Electricity
Carier i

o
Gas
Coa

Energy needs Tor healing

Energy need for central pre-heating of ventlation air

Heating systam thermal lossas

Heating systam energy usa

Auxlary energy use for biating

Energy needs for cooling

Enargy need for central pra-cookng of ventdation air

Cooling system tharmal losses

Cooling system enargy use

Auxiliary energy use for coaling
Energy use for ventdation (lans and contiois)

‘Wantilation systam thermal loeses for cantral
pre-hesating

Wentilstion system thermal losses for central
pra-cocding

Energy use for central pre-heating of sentilation air

Energy use for central pre-cooling of ventilation air

Sub-total

Total

This table contains the result for:
{filf in: zomes Z or ¥ with sama combination of systems, or sum for whads building)

Explanation:
Blank calls: Input possibla or required

Girery calls: Not applicable

a It spplicable. thig table shall be compheled par cusler of zones thal are gandced by fhe same Ccombinaton of ayalema as
destingushaed in 14.2

& similar table shall be comglabed far the whole bulding, summabng the resulis of the clusbers of zones.

T Ewamples of enargy camiers; bo be sdapted 1o Me specific siluation.

Figure 4.3: Example table given in the standard to presentataulation results for
energy certification

4.1.4 EN 15603 Energy Performance of Buildings — @vall Energy Use and
Definition of Energy Rating

The European Standard named as EN 15603 Energgriarice of Buildings —

Overall Energy Use and Definition of Energy Ratdefines a general methodology
for evaluation of total energy usage [18]. Thislegtion can be used to decide the
energy performance of the building and the resait be displayed on the energy

certification.
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The standard proposes two kinds of energy assessioeruildings:

e “Calculated energy rating” which can be used fow neuildings as the
calculation is based on the energy requirementthefbuilding. After the
calculation of energy needs for electrical andrttarservices, the necessary

amount of primary energy is determined.

* “Measured energy rating” is based on measuringdted amount of energy

carrier to the building in a defined period.

Accumulation of each calculation for different emercarriers is also essential to
achieve a more precise overall used energy in ldibgi The standard also defines

different methods to aggregate all calculations.

Each member state may decide nationally to usehmbichese rating method for

which type of building.

Assessment of Energy Performance of Buildings

Annual energy use of a building shall comprisesgfitems such as heating, cooling,
ventilation, domestic hot water, lighting, etcl, @fstem losses and auxiliary energy
uses. However before the assessment, the systenddroes should be defined

clearly (Figure 4.4). More than one building cancbesidered as a group if they are
served by the same systems and the assessmerie caade for the group. These
kinds of details and principles for the definitiohthe boundaries should be defined

at national level.
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auxiliary energy
thermal solar collector
photovoltaic panels
boundary

Key

1 user

2  storage

3 boiler

4 fuel

5 electricity

W~ o,

Figure 4.4: Example of energy flows across the system boundary

Calculated Energy Rating

The objective of the calculation is to obtain tmmaal primary energy use and £€0
emissions. For the calculation, annual averageegatan be used or the year can be
divided in to time steps and the calculations amgomed for each step. However, in
both ways, the direction of the calculations gaesnfthe building energy needs to

primary energy.

This rating can be tailored, standardized and Keda‘'design rating” if it is

performed for a planned building.

For the calculations, it should be defined at matiolevel if the heat gains and
recoverable system losses will be included or fbere are two approaches to take

into account the effects of heat gains and recaveystem losses:
» Calculation procedure for the Holistic Approach:

- Calculating the sub-system energy needs and detatiom of the

recoverable system losses.

- Summation of all recoverable system losses and gaats with the total

energy need of the building.

- Recalculation of the total energy needs for headimdj cooling.
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- Following the same iterations until the differenoé the energy needs

between two iterations is less than a defined value

- Obtaining the recovered system loses by subtradtiegfinal energy need

value from the first value.
» Calculation procedure for the Simplified Approach:

- Calculating the sub-system energy needs and detatiom of the

recoverable system losses.

- Obtaining the recovered system loses by multiplyimg recoverable system

losses by a conventional recovery factor that fsndd nationally.

Measured Energy Rating

This rating is based on measuring all the energyera delivered to the building and
exported by the building and it is called also “@t®nal rating”.

Assessment period for the measurements is an iargoelement that for reliable

results the period shall:
- Be integer number of years, preferable recent years

- Be longer than 3 years, if not a correction for thea data should be

performed,
- Begin one or two years later after erection.

- During the assessment period, new modificationsclwlthange the energy

performance should not be made to the building.

In the standard, several methods are explaineddesa the used amount of energy
carriers during the assessment period. Consumpfidhe metered energy carriers
can be read from energy bills or directly from theters. The accurate amount can
be obtained by the difference between the valuetherbeginning and end of the
assessment period. For the liquid fuels bought)etels in the tank can be read in
the beginning and end of the assessment periodt @, for solid fuels weighing
the fuel in the beginning and end of the assessmembd gives the most accurate

result.
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Table 4.1: Types of ratings

Name Input Data Utility or purpose
Use Climate  Building
calculated design standard standard design Builgemmit,
certificate under
conditions
calculated standard  standard standard actual Epergyrmance
certificate, regulation
calculated tailored Depending on actual Optimization, validation,
purpose retrofit planning
measured operational  actual actual actual Enendgrpeance

certificate, regulation

Table 4.1 summarizes the types of ratings thatlafieed in the standard. Depending

on the purpose, the type of the rating should loseh.

Weighted Energy Ratings

In the buildings, generally more than one energyi@s are used, thus a common
expression is needed to express the total primaeygy consumption, total GO
emission, etc. The standard defines several agipagaethods and different types

of factors and coefficients.

* Average factor or coefficient is based on annuarage impact of all plants

delivering energy to the building.

* Marginal factor or coefficient takes into accoumtiyoproduction units that

are affected by changes in energy demand.

 End use factor or coefficient is used when the dawmpatterns differs

severely for each system.

Total primary energy used in the building is ob¢girby total delivered energy and
total exported energy. To be able to sum theseréifit types of energies, primary
energy factors are needed. Total primary energyofacomprises all phases of
delivery: production out of the boundary, transpamtd extraction. Another factor,
non-renewable primary energy factor, however exdudrenewable energy

component.

Total CQ emission is obtained by total delivered energy ttal exported energy.
To be able to make calculation g@mission coefficients are needed. In national
standards it should be defined if the £é&nission coefficients include other green

house gas emissions or not.
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Validated Building Calculation Model

The standard proposes a method to compare theaaiduesults with the measured

results (actual usage) for existing buildings. phecedure of the method is:
* Obtaining the measured energy rating of the bugdin

e Collecting the data that cannot be assessed likealaclimatic data, air
permeability of the envelope, ventilation rate, tivga system efficiencies,

actual internal conditions,

» Calculating a tailored rating using the data caddc(the amount of energy
carriers used other than heating, cooling, vemtilgathot water or lighting

should also be included),
» Comparing the measured results and tailored megulteach energy carrier,

» If the difference between the results is largenttt®e confidence intervals,

further investigations should be made.
The method and data collection is explained initetan the standard.

Planning of Retrofit Measures for Existing Buildgng

In the existing some measures can be taken in ¢hedelivered energy carriers.
These measures can be assessed by the rating sethath are defined in this
standard, however ‘the validated calculation modsl'recommended. The data
obtained by these calculations should be used se o sales, change of usage or

occupancy.

For the energy saving measurement more than omarsece should be prepared and
for each the calculations should be made to bdadblaito see the optimum solution

and the amount of saved energy use.

Report

After assessment of energy use of a building, arteghould be prepared apart from

the certification (Figure 4.5). The report shouttnprise:
» Reference to the standard EN 15603,

* Purpose of energy rating,
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» Description of the building and its location, itetigities, equipments and

occupancy,
* Type of rating,

* Rating itself with its confidence intervals

For calculated rating only

Building thermal needs | Technical building Energy delivered Energy rating
(without technical building system performance {content of energy carmiers | (Weilghted Energy carriers)
syslems) (thermal system lossas-
| | racovered losses) |
Healing:  Ohps Heat (H¥W)  (hwjs e | 585 Egas e EEp el or
) il Eodei EF i el or
. Qs Coaling: Q5w Electricity Eel des Emeozan, i
Hotwater: O Electricity « District heating Eldh ded
Cooling: Oc - . Wood Ew
s o Heat auxiliary Wew Enu;*;‘r’ camer (i) F-ﬁ o
Qi dhum,nd Cﬂoling auxi“ary We i del
Lighting I
Ventilation Ey
Energy exported TEp ampi or
{Unwelghted energycarriars) EEpoi avpi or
IMcoz e, i
Thermal: [ =
Electrical El, axp

Ep; mcog, OF Epe

Renewable energy produced
on site

Thermal OH,ganout

Electrical g gonou

*) Includes electricity for ventilation, lighting and the auxiliary enaergy for the thermal tachnical systems; it does not
include electricity for heating, cooling, DHW, humidification and dehumidification.

Figure 4.5: Example table given in the standard for reporthghe overall energy
use or CQemission for the calculated and measured energgrat

Further information to be displayed on the repdrdowdd be decided by national
documents. These can be:

» Climatic data (average external temperature, sokiance, etc.) that is used

for the calculations,
* For the calculated ratings, relevant standardsinaggons, energy use,

» For the measured ratings, assessment time perettiooiology of assessment,
methodology for extrapolation and weather correctithe delivered and
exported energy,
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For the validated ratings, report for the measuweergy rating, assumptions

used to fit the tailored rating to the measurenhgatcalculated rating results,

For the measures for improvement, list of measwetiect of each measure

on the energy performance, cost effectivenesseofrtbasures.
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5. ITALIAN AND TURKISH BUILDING ENERGY CERTIFICATIO N
SYSTEMS

In this study, the energy performance certificat&ystems which were in force
during the researches for the thesis in Turkey @urihg the exchange program of
Erasmus in Italy (between October 2008 and July9P@®e discussed. Furthermore
in both countries, in Italy and in Turkey, the sasdto develop and to improve the
current systems are still in progress. While Turlseegbout to initiate a new energy

certification system, Italy continues to develop thurrent system.

5.1 Italian Energy Certification System

5.1.1 Brief Historical Process of Legislative Basaf Energy Certification

In Italy the annual consummation of energy is egoall90 million TEP (ton of
equivalent petroleum) and 28 million of this conggion is belongs to the
residential usage. For the heating, which is th& 5ff the operation costs, it is
consumed annually 14 billionYgas, 4,2 billion kilos of gas oil, and 2,4 millieons
of solid combustible (wood and coal). That corregjsothe 380.000 tons of pollutant
substances and makes the heating the second impdaiztor, after traffic, for
environmental pollution. Furthermore, in complianegh Kyoto Protocol, Italy
commits to reduce the production of carbon dioxadessions 6,5% until 2012, with
respect to the values of 1990. Today any reductaresrecorded, but the trend is
rising.

Italian energy certification system is basicallyséad on the European Directive on
the Energy Performance of Buildings 2002/91/EC #red European standards that
are defined above. Italy has chosen to implement‘Monthly Quasi-Steady-State

Calculation Method” for the existing residentiallldings.

Under the obligation of the directive, in Italy theuncil of ministries (the Ministry
of Economy, the Ministry of Environment and the Miny of Infrastructures) has
published the laws D. Lgsl. n. 192/2005 and D. Lgs311/2006. Before these laws
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the energy certification was present also in tive &10/91, however it never had
been applied, maybe because of the imperfecticemdibility on the energy subjects
of the construction sector and the people. [19]alothese laws and the national
standards draws a general frame for the calculati@thodology and gives the
responsibility to each regions to develop and tple@ment their own certification

systems.

Here in this thesis, the standards of UNI - UNI/TE300 Energy Performance of
Buildings-part 1 and 2 are specified, as a calmnanethodology of Italy.

5.1.2 National Laws and Calculation Methodology

Italy accepts the “monthly calculation method” (E3Y90) as a national calculation
method for the certification of energy performaéehe buildings. By the laws D.
Lgsl. n. 192/2005 and D. Lgsl. n.311/2006 the pdoce is defined and it is
obligated for all the regions building up the desétion system separately. The
application of the certification system is now fine heating period and for the

existing building.

The legislative decree n.192, 2005 has the obgecitd improving energy
performance of the buildings, in the point of viefvsaving energy, introduction and
contribution of renewable energy sources, andhenbuilding sector, achievement to
the national objectives of reducing the sera gas$isat estimated in the Kyoto
Protocol. [19]

According to the law n.192/05, the followings shibide defined to calculate the
energy performance of the buildings:

* Internal and external climate

» Thermal characteristics of the building,

» Heating and hot water production systems,
e Air condition and ventilation systems,

e lllumination systems,

* Position and orientation of the building,

» Passive solar and solar protection systems,
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* Natural ventilation systems,
* Renewable energy systems,
e Internal air quality systems.

By taking into account of these systems and thetfon of the building, the law also
gives the obligation of defining the methodology adlculation, and minimum
energy consumption requirements in 120 days afterlaw came into force.[19]
What's more, the requirements of energy performamicéhe buildings that are
defined in the law related to the primary energgdseshould be expressed in degree-
day concept and s/v ratio, the minimum values ahgmittance (U values) of the
elements of the envelope of the building shoulds®g and the total seasonal mean

energy performance of the heating system shoutdhloeilated. [19,20]

The legislative decree n.311, 2006, however, coatsome modifications for the law
n.192/05. It corrects some problems that were tggtéd in the application of the
previous law and it introduces currently lots ofifteations and obligations to obtain
an energy saving in new and existing buildings [2Zh] the law n.311/06 the
application of the certification system includelhalilding with a gradual method as

the law n.192/05 only involved the new construction
« from 01.09.2007, all the buildings that larger tH@00n{,
« from 01.09.2008, the buildings smaller than 108Gmcase of selling,
« from 01.09.2009, the single houses,

should have energy certification. [19] Another nimdition in the law n.311/06 is
the definition of the certifications: the one tiwtelated with the qualitative terms of
energy performance of the building is defined aséigy Qualification” and it refers
to a document that reports the compliance of theksvoarried out according to the
project. The other one that is related with dinettle energy performance is called
“Energy Certification” and it should include thetdaf the energy efficiency of the
building, the values of the norms and the referaratees to allow the users compare
the energy performance of the building, and thesibes interventions to develop the
energy performance of the building. [19] In face tword certification is modified

from qualificationas the fundamental difference between the terragh&d party is
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needed to verify and control the works carried @t certification as for the
qualification can be implemented by the desigra, [21]

According to the definitions that are set in the,lthe energy consumption contains:
e space heating for winter conditions

e space cooling for summer conditions

domestic hot water production

ventilation
¢ jllumination

However the law gives limitations only for spaceatimeg and prescriptions about

space cooling. [21]

Finally for the application of the law 311/06 indks a three stepped method
(scheduled as: from 01.01.2006, from 01.01.2008,feom 01.01.2010) for primary

energy need values and thermal transmittance valutte building elements, as the
law 192/02 had values from 2006 and 2009. Furthegntfoe primary energy need

values are divided into two as for residential niys and other buildings.

In the laws the definition of the certification ¢mé& contain the methodology for the
energy certification and neither who is going teegihe certification. [21] Thus the
laws give the responsibility to the national staddaand every region to constitute
its own certification system for the energy perfanoe of the buildings. According
to the laws, Italy, the 21 regions, is divided iftcclimatic zones by degree-day
concept, and the energy certifications are validlf® years, however the minimum

requirements should be revised every 5 years.

Today some regions have developed programs, easithable on the internet, to

assess the energy performance of buildings, suBlo@gt and CasaClima.

5.1.2.1 UNI/TS 11300 Energy Performance of Buildirgg 2008

UNI — Italian Organization for Standardization haslished the national standard
UNI/TS 11300 to define the national energy perfangeacalculation methodology
by recognizing the standard EN ISO 13790 as a hadeunder the obligation of
European Directive 2002/91/CE Energy Performancéwfdings. The proposed
calculation methodology is based on the energynoalan static regime [Figure 4.1],
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but it considers also the dynamic affects of theperature differences between
outside and inside and solar gains by a utilizafaator.

According to the standard, to evaluate the energgyopmance of the buildings

following assessments should be made:
1. Energy need for space heating and cooling,
2. Energy need for domestic hot water,
3. The performance and primary energy need for thérgeaystems,

4. The performance and primary energy need for the edtim hot water

production systems,

5. Possible primary energy savings for space heatmfdmestic hot water

production by renewable energy usage and othestypgeneration methods,
6. The performance and primary energy need for thérgpeystems.

These assessments can be used in different typesgtings (Table 5.1) which are

chosen depending on the purpose.

Thus the UNI/TS 11300 has four parts to cover themleulations: Part 1 is for
evaluation of the thermal energy need for spacértgeand cooling of the buildings.
Part 2 defines the evaluation of the primary enenged and of the system
efficiencies for space heating and domestic hotewadroduction. Part 3, in
elaboration, states the evaluation of primary eperged and the performance of
space cooling. Part 4, also in elaboration, expl#ie use of renewable energies and

the other energy generation methods for heatingsandary hot water.

In general meaning UNI/TS 11300 defines a methodHe application of UNI EN
ISO 13790:2008 and it uses the monthly calculagipycedure for the heating and

cooling energy needs.
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Table 5.1: Types of rating proposed by the standard

Type of Input Data Purpose of rating
rating
Use Climate  Building
Design standard  standard design Building permit, energfopmance
rating certification or qualification of the
project
Asset rating standard standard actual Energy performance catiiin or
(Standard) gualification
Tailored Depending on actual Optimization, validation, retrofit
rating purpose planning

5.1.2.2 UNI/TS 11300 Energy Performance of Buildirgy- Part 1 - Evaluation of
the Thermal Energy Need for Space Heating and Coalg of the Buildings -
2008

In the part 1 of the standard [22], before the itketadefinition of the calculation
procedure for the thermal energy need of the ngldihe necessary data for the
calculation is stated under the headlines like ttharacteristic data of the building
typology’, ‘the data of the thermal features of thalding construction’, ‘climatic

data’, the data of the occupation and utilizatibthe building’.
In the standard, the calculation procedure is @efioriefly as:

1. Defining the borders of conditioned and non-condiéd volumes of the

building,
2. Defining the different thermal zones of the builglin

3. Defining the desired internal conditions and thd¢adaf the external

climate,

4. Calculating the heating and cooling energy needeebuilding for every

zone and every month,
5. Summing the results of every zone and month.

The rules for determining the thermal zones arecifipd basically like every
different volume that has a different set-point penature should be defined as a
different thermal zone. So if the volumes that rmoé adjacent, but they have similar
thermal condition, they can be counted as a sasrentl zone. Also if the difference
between the heating or cooling temperature of tfierdnt volumes is less tharikd

and for the volumes that are served by the santerayzone division is not required.
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Finally it is stated that for the heating and ceglconditions the thermal zones may
differ in a building.

For determination of the internal temperature, tyyge of the building and the
utilization profile are primarily important paramees. However the standard

proposes some values like:

* General values for all type of buildings are fonter 20C and for summer

26°C,

* For the buildings like swimming pool and saunavhkie is, for summer and
winter, 28C ,

* For the gyms the values are, for winter;@&nd, for summer, 2€,

Besides the standards UNI EN 12831 and UNI EN 13@89:2008 are referred for

other types of buildings or other situations.

For all kinds of climatic data necessary for thicalation for Italy, UNI 10340 can
be utilized.

Before the calculation, it is also essential toirdefthe length of the heating and
cooling seasons. Thus the standard introducesla ¢ditheating season periods for
all the climatic zones of Italy. However, if it Ble to estimate the real duration of
the period that is needed heating energy supplgigaly, the real length of the
heating season can be defined separately. Besltestandard gives a formula to

find the first and the last days of the heatingauling periods:

an,day
ee,day< a'set'H_Wmay (5.1)

& 4ayiSs mean daily external temperature.

8 setniS heating set point temperature.

Qqn.day IS mean daily internal and solar gains.

H is global heat change coefficient of the buildidgK.

tq is duration of the day.

In the part 1 of the standard, it is pointed ouattho calculate the thermal
transmission of the building zones, the methodolexplained in the standards UNI
EN ISO 13789:2008 and UNI EN ISO 13370 should bedusHowever the

parameters that are necessary for the calculaton be found in the standard:
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thermal features, thermal resistance and coeftigiehtheopaque elementshermal
transmittance values faransparent elementsyindow frames and shutters. Besides
the weighting values fahermal bridgeshat are given on a table in the standard, the
heat exchange of the thermal bridges should belledéx] according to UNI EN ISO
14683. It is also explained the calculation of glotoefficient values and correction
factors forheat exchange between the air-conditioned volumesnan conditioned
volumes,for heat exchange by eartland it is also given the parameters for the

calculation ofextra heat flow by radiatioto the open air.

To perform the calculations for ventilation, thecegsary parameters are given in the
standard. In the case of natural ventilation theclaange rate values can be obtained
from the standard UNI 10339 or for the residentiailldings it can be received 0,3
vol/h. For the mechanical ventilation, however, thienula for the calculation of air
change rate is given in the standard for the casesnple flow or double flow. It is
also mentioned that the capacity of the ventilatd@pends on the usage of the
building, and, for example, in the case of natwmahtilation it is impossible to
predict the real rates of air change, because [tents the exterior climate,
permeability the envelope, and the usage pattedditi@nally it is explained that in
the case of mechanical ventilation, free coolinggl{h time ventilation) can be
considered for the cooling season, too. Thus theesgeaof air change rate for the free

cooling are also present in the standard.

Furthermore in the standard the global mean valfiise heat gains of the buildings
are given in a table according to the building typme schedules, density of the
occupants (Figure 5.1). Additionally the standex@lains how to integrate the solar
heat gains to the calculation of thermal energydsedbsorption factors for the

opaque part of the building envelope and the valoéstotal solar energy

transmittance of the some types of glasses fotrémsparent parts of the building. It
Is also clarified, by formulas and tables, howatketinto account the window frames,

movable and permanent shadow elements.
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Categoria di edificio Destinazione d'uso Apporti medi globali
W/m?
E.1(3) Edifici adibiti ad albergo, pensione ed attivita similari 6
Ez2 Edifici adibiti a uffici e assimilabili 6
E.3 Edifici adibiti a ospedali, cliniche o case di cura e assimilabili 8
E.4(1) Cinema e teatri, sale di riunione per congressi 8
E4(2) Mostre, musei e biblioteche, luoghi di culto 8
E4(3) Bar, ristoranti, sale da ballo 10
ES5 Edifici adibiti ad attivita commerciali e assimilabili 8
E6(1) Piscine, saune e assimilabili 10
E6(2) Palestre e assimilabili 5
E.6(3) Servizi di supporto alle attivita sportive 4
E7 Edifici adibiti ad attivita scolastiche a tutti i livelli e assimilabili 4
E8 Edifici adibiti ad attivita industriali ed artigianali e assimilabili 6

Figure 5.1: Example table from the standard for global meduesof the heat gains

In the standard, to transform the calculations idyaamic model, the utilization
factors for heating and cooling are also providédwever to use and calculate the
utilization factors, the thermal capacity of thelthmg should be determined first.
The capacity of the building should be determinedcigely according to the
standard UNI EN ISO 13786, but there is also aetgblen in the standard UNI/TS
11300 to get a more general value. Finally for¢hses of intermittent heating and

cooling, it is given two basic cases that shoulddmsidered.

5.1.2.3 UNI/TS 11300 Energy Performance of Buildirgy- Part 2 - Evaluation of
the Primary Energy Need and of the System Efficienes for Space Heating and
Domestic Hot Water Production - 2008

The second part of the standard UNI/TS 11300 stifming the “useful energy

need”. The calculations of useful energy need fmatimg, ventilation and domestic
hot water are necessary for the calculations ohary energy usage. Furthermore it
is asserted that primary energy usage, differemh fneating, ventilation or hot water

production, should be also taken into account [23].

Useful energy need for space heating is considarddee phases:

1. Ideal energy needt is fundamentally the primary energy need tisatalculated
according to the standards UNI EN ISO 13790 and/USI111300-1
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2. Net ideal energy need (' It is the energy need that obtained by subtradtieg

recovered energy (m) from ideal energy need (Q

Q’h= Qh - Qw,m [Wh] (5.2)

3. Effective energy need (useful energy need))(@he energy need that includes

the losses of emissions @and adjustments (§) and the final energy amount
that should be introduced into the conditioned sgacthe distribution system.

Qr=Q’h+ Qe+ Qrg— Quxern[Wh] (5.3)
Where, Qe niS recovered electrical energy from the emissions.

It is also given a formula to find the energy néeddomestic hot water production.

However it is explained that for the given formualth the parameters (besides the
density and specific heat of the water, the dififee between the temperatures of
requested hot water (40) and cold water (F&) that enters to the system are
accepted constant and equal to 25K), are conbtanhe volume of the requested
hot water. Thus by following the tables given ir ttandard, the energy need for

domestic hot water (3, can be calculated easily.
Qh,w = Zi,DXCXVW X (Her - eo)xG (5-4)

Additionally it is given a table for the energy defer other actions such as cooking,
beside the heating and hot water production.

In this second standard it is explained widelyriethodology of the primary energy
calculation for heating and the evaluation of thstem performance of the heating
plant. It is basically asserted that to make tHeutation for the whole system, it is

necessary to make the following calculations fargwsubsystem:
* Requested input energy neegh,Q
e Total auxiliary energy need,,Q
* The energy losses, Q
* The recovered energy losseshQ

and in the sense of output of the useful energplsu@our), the formula is:

Qin= Qout + (Q - Qirn) - Qauxrn [Wh] (5.5)
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According to the standard, for the heating andhtbewater system, the following

subsystems should be considered:
For the heating system,
e Subsystem of emissions,
« Subsystem of regulation of heat emissions intsgae,
e Subsystem of distribution,
* Subsystem of accumulation,
* Subsystem of generation.
For the domestic hot water production system,
* Subsystem of supply,
* Subsystem of distribution,
e Subsystem of accumulation,
e Subsystem of generation.

In addition in case of the calculation for the eiffint parts of a building, the losses of

the subsystems of distribution and generation lgetorihe whole building.
General expression of the “Primary Energy Need” is:

QpHW=ZQHc,Xfpi+Z Qw,c,Xfp j+(QH,aux+Qw,aux+QINT, aux—Qel,exp) XFp el (5.6)
Qu.c is energy need for heating.

Qw. is energy need for domestic hot water production.

Qu.auxis auxiliary electric energy need for heating plan

Qw auxiS auxiliary electric energy need for domestic Wwater production plant.

Qnaux IS auxiliary electric energy need for renewablesrgy or cogeneration

systems.
Qelexp S electrical energy exported from the system ¢ogeneration).
fp is the primary energy conversion factor .

The value f, for the fossil combustibles, is 1. For the othgyes of energy, the

value should be gathered from other legislative sl
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Auxiliary energy is the energy that used for themion of the energy plant and it

generally electrical energy.

Recoverable Losses and Non-Recoverable Losses

Recoverable losses,Qindicate the energy losses that can be recov&igdand in

the standard the following equation is given:

Qi = 0,8Qr (5.7)

In the calculations, recovered energy losses eatohsidered in two ways: reducing

the system losses or reducing the useful energy. nee

The Seasonal Mean Efficiencies of the Systems

The efficiencies can be studied separately or tegefor the heating and hot water

system.

Just for the heating system it is equal to:

Ngr = Cn/ Qo (5.8)
Qp 1 is calculated primary energy need for heating.

Qn is useful energy need for heating.

The efficiency of the domestic hot water productgstem is equal to:

Ngw = Ghw !/ Qow (5.9)
Qp.w is calculated primary energy need for domestionater.

Qn.w is useful energy need for domestic hot water.

The global efficiency of both heating system and Wwater production system is

equal to:

Hgrw = (Qh + Qhw ) Qrw (5.10)
Q1w Is calculated primary energy need for heatingdmuestic hot water.
Qnis useful energy need for heating.

Qn,w is useful energy need for domestic hot water.

Additionally, the efficiencies of the subsystemsdd be considered separately. In
the standard the points that should be taken ictmunt are clarified. For the

subsystem of emissions, for example, the most itaporfactor affecting the
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efficiency of the system is altitude of the spadeal is heated. Thus for the cases of
altitude less that 4m and between 4m and 14m, tkegeven tables where can be
found the efficiency values of different kinds ahigsion subsystems for heating.
Furthermore, for all the other types of subsysteke Iregulation, distribution,

accumulation and generation the tables, the equsatmd calculation methods are

given.

Auxiliary Energy Need of Subsystems

In general, the total auxiliary energy need of atimg system is equal to sum of the
all auxiliary energy needs of subsystems. The guyil(electrical) energy need of
the systems can be determined in three phasesieiphiase of projection of the
system, by making measurements of the system, andkyng calculations. Thus, in
the standard, the tables, the formulas and theuledilon methods are given to

determine the auxiliary energy need of subsystems.

Simplified Calculation Method for Primary Energy é¢e

Basically, the simplified method is the sum of #easonal energy need for heating
and annual energy need for domestic hot waterhénstandard, it is explained the
calculation method step by step, and to be sineglifit is based on reading the
necessary values from tables given in the standdwdiever, to have more precise
results, more detailed data should be obtained tatheu systems and should be

making the calculations.

Methods to Measure the Effective Combustible Consion

The data of effective combustible consumption cam$ed to compare the results of
primary energy need calculations. The measuremeans be performed by the

assistance of a counter or, if there is a tanklehels of the combustible can be read.
The problem is the energy generator system forrggatot water and other usages

can be the same, thus the consumption of combessildqual to:

In the heating period,

COoptained= Cah + Coy + CQ:ooking"' Cythers[KWh] (5.11)

Out of the heating period,

Coobtained= Caw + CQeooking+ Cuthers[KWh] (5.12)
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The attribution of consumption of the combustibbea determined period can be
performed directly by measuring or the data of comstion can be obtained from
bills. In the case of using bills, the beginningl @mding period of the bill may not be
the same as the period of heating. On the othed,hana determined period, the
measurement can be made also by reading the vaflwesnbustible from a counter.
Instead, the levels of the liquid combustible canréad in a tank in the beginning

and end of the period. In this case the consumjidiequal to:
CQ=(CQ-CQ) +CQx [kWnh] (5.13)

CQ — CQ:is the difference between the beginning and the @nthe period in
quantity.

CQa is the quantity of combustible that added durhmg period.

5.2 Turkish Energy Certification System

In Turkey the national policy and objectives foregyy usage is determined and
applied by Ministry of Energy and Natural Sourcesl &5eneral Directorate of
Electrical Power Resources Survey and DevelopmemiAistration. According to
the Ministry, Turkey is importing the 75% of thetdbenergy that is being used.
Another important point asserted by the Ministrythat there is the potential of
conserving energy 30% in building sector, 20% idustry sector and 15% in
transportation sector. Thus the aim of the Miniggyasserted as decreasing the
dependence on foreign energy sources, maximum eeéfigiency and conservation,
mitigate the energy costs in economy and protecifdhe environment [9]. General
Directorate of Electrical Power Resources Survey Baevelopment Administration
is working for energy efficiency, increasing thensoiousness about energy,

conservation and renewable sources and gives cabseit energy administration.

Turkey has signed the United Nations Framework @atisn on Climate Change
(UNFCCC) in 2003 and the Kyoto Protocol in 2009.i68can be said that Turkey
was relatively late to take action about climatarde and sera gases as well as the
current policies are not efficient enough to sgtisfe obligations like reduction on
20% of sera gas emissions that Kyoto protocol dets.the future plans energy
sources non-renewable and harmful to environméaet hiuclear energy plant and

new coal based thermic plants are taking placesnbtitany renewable sources.
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Although a new evolution and reorganization abowirenment and ecology is
rising among government, business sector, desigmetglients.

The relationships between Turkey and European Unawe started first in 1959 by
the application of Turkey to join. In 1963 the jesthas signed the Agreement
Creating An Association Between the Republic of KByr and the European
Economic Community and that started the officidhtiens. Turkey has applied for
the full membership in 1987 and the applicationasfirmed in 1990. After signing
the Customs Union Agreement in 1995, Turkey wasciaffy recognized as a
candidate for full membership in 1999. Finally 1003, negotiations were started for
the full membership. Today Turkey has twinning pot§ in the adaptation program
of European Union. Following the program, in 200drkey has published a new
law about energy efficiency and under the obligatid this law the studies about

energy certification have begun.

5.2.1 Brief Historical Process of Legislative Basaf Energy Certification

Considering that the energy for heating of thedinds constitutes the greatest part
of the energy consumption in Turkey, The Institate Turkish Standards has
published the first standard about energy conservain 1970: TS 825 “The
Regulations for Preservations from the Heat EffemtsBuildings (Binalarda Isi
Etkilerinden Korunma Kurallari)”. Then the firstvision has been made in 1979 and
the title has been changed to TS 825 The Regul&dioihermal Insulation of the
Buildings (Binalarda Isi Yaltim Kurallari). Afteanother revision in 1985, to ensure
a better energy conservation, the standard is edvisomprehensively and

reorganized in 1998. The changes on that revisiemrew

e Turkey is divided four degree-day regions instefthiee like in the previous

version.

* In addition to the limits for thermal transmittangalues of the building
elements, new limits for annual heat losses foldmgs are introduced

according to the S/V values and degree-day regions.
» The internal and solar heat gains were taken ic¢count.
« In addition to the calculation of the heat lossgs$rnsmission, heat losses by

ventilation were introduced in the calculation prdare.
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* Besides the limits of about energy, the transitbrapor is analyzed and the

mass of the condensing water is limited.

By these revisions, The Institute of Turkish Staddahas proposed to the Ministry
of Public Works and Settlement that the TS 825do0me a compulsory standard.
So after the Ministry has decided that the propasa appropriate, since the year of
1999 the standard is being applied to all buildings

Last revision of the Standard was made in 2008rdaug to the Energy Efficiency
Law, 2007.

5.2.2 National Laws and Calculation Methodology

5.2.2.1 TS 825 — National Standard — Thermal Insuteon Requirements for
Buildings, May 2008

TS 825 is a national standard aiming to limit thramfity of energy that is using for
the heating of buildings, so increasing the enaffigiency. It sets the calculating
methodology for the energy needs for heating ofdmgs, limit values for heat

transmission of the envelope and total heatinggneerformance limits [24].

The subject of the standard is defined as regulatad calculations for net heating
energy need and maximum permissible heating eneaigyes in buildings. After the

terms, definitions and symbols part, the scopdefstandard is divided in two parts:
new and existing buildings. The standard compiige Heating energy calculation
method and maximum heat loss limit values for thes monstructions and thermal
transmittance values for the large scaled renowstiestorations or additions for the

existing buildings.

The objections of the standard are set like:

- to limit the heating energy usage, and so tosiase the energy conservation,
- to specify the standard calculation method ardesafor heating energy need,

- to find out the choice with the best energy perfance for a new construction by
applying the calculation methodology that is spedifin this standard to different

design alternatives for a building,

- to specify the net heating energy consumptiorth®existing buildings,
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- to find out the potential energy conservation ants before the application of a

renovation project,

- to predict the future national energy needs.

The building types that this standard will be apglio are:
- Residences,

- Offices and service buildings,

- Hotels and restaurants,

- Buildings for education,

- Theaters and concert halls,

- Quarters,

- Prisons,

- Museums and galleries,

- Airports,

- Hospitals,

- Swimming pools,

- Factories and ateliers,

- Industry buildings with the internal temperatofel 5°C.

The general explanations part provides informat@mnthe designers and engineers
about the importance of the energy conservatioeventions for bad energy
performances of the buildings and suggestions Her design of the buildings to

decrease the energy consumption. Some of the iatoymis given below:

- Indoor thermal conditions of a building are pritharelated with the users’

comfort and health.

- The heating energy needs depend on the thersabiion and thermal mass of the

envelope of the buildings.

- Protection of the building from the thermal effeprevent the building envelope
from the condensation of water vapor and so pretlenipotential damages caused
by condensation and decrease the maintenance costs.
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- The measures which have been taken in the prpjexte, such as orientation, the
ratio of S/V and the surroundings, can affect thergy need of the building.

- The relation of the building with other buildingad obstructions (shadows, wind,
etc.) and the organization of the internal spabeatéd or non heated spaces) of the

building affect the energy need.

Furthermore the factors which are affecting thetihgaenergy need of the buildings
and which are taken into account for the calcutatieethod in the standard are stated

as:
- Characteristics of the building,

- Characteristics of the heating system,
- Internal climatic conditions,

- External climatic conditions,

- Internal heat gain sources,

- Solar heat gains.

Finally, in this part, the exceptions and speciflagions for some settlements and
some types of building are explained about U (tlrtransmittance) values and

limit values for annual heating energy need.

Calculation Method:

Before explaining the calculation method, the s#add provides the basic
information to utilize in the calculation steps.€Thalculation of the resistance of
thermal transmittance (R) and thermal transmittafigevalues for one and more
than one layered building elements and the caloulaif heat loss of the building

element are given for primary steps.

Annual heating energy need is defined as the amotir@nergy that should be
provided by the heating system to ensure a prexgefinternal temperature in
addition to the internal and solar heat gains aat losses in a well isolated building.
Annual energy need for heating is the sum of thatihg energy needs for every
month in the heating season. To divide the buildimg thermal zones, it should be

specified the internal temperatures according ¢oftimctions of the spaces and if the
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difference between the temperatures are less tKathd whole building can be
assumed as a one unique zone. The formula fomtgahheating energy need is:

Qyear = ZQmonth (5.14)
Qmonth= [ H(A - &) - Nmontd @ month* &,mont) | - t (5.14a)
Qyearls @annual heating energy need (joule)

QmonthiS monthly heating energy need (joule)

H is specific heat loss of the building (W/K)

6; is monthly mean internal temperatuf€)

B¢ is monthly mean external temperatut€)(

Nmonth IS Monthly mean utilization factor for the gains

@.month IS Monthly mean internal gains (W)

@ monthiS Monthly mean solar gain (W)

tis time (s)

Afterwards the calculation of the specific heatslo$ the building (H) by ventilation

and by transmission and internal and solar heatsgaie explained in detail.

For the buildings which have more than one zonesthedard suggests two different
calculation ways. On the first the heating energgds for every zone should be
calculated and then all the results should be suiimetotal heating energy need.
The other suggestion is, however, after specifyingginternal temperatures for every
zone, the average temperature for the whole bgldan be use in the calculation of
the heating energy needs.

Calculation Report:

For the new buildings or large scaled renovationgestorations of the existing
buildings there should be presented ‘the thernsllation project’ by using the limit
values for thermal transmittance and heating eneegyls values. In the projects, the
material choices, dimensioning the building eleragand building details should be
demonstrated. Furthermore in the standard it isrees$ that for the calculations and
for the report of the project, SI unit system (inttional System of Units) should be
used. In the standard it can be found the det&#edf the information that should be
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placed in the thermal insulation project. At thed evf this part two calculation
examples are given to display how to organize heental insulation projects and

how to use the tables given in the project.

In the annexes of the standard the tables of thi¢ lialues of heating energy needs
and the thermal transmittance values of the bugldnvelope elements, the internal
temperature values for the spaces according tofuhetions, the mean external
temperatures by month and by climatic zones, timatic zones of Turkey, thermal
conductivity values for different materials for thmalculation of the thermal

transmittance values are given.

Furthermore the calculation method for verificatiand delimitation of the vapor
transition can be found in the annex F. The vapamsition and condensation is
defined in the standard as the water vapor in itheaves in the same direction with
the heat as a result of pressure differences ahtkenal and external surfaces of the
building envelope, however during this movementhié vapor touches a colder
surface, it condenses to water. This colder surtacebe the outer surfaces or can be
inside of the building element. In every case thatew causes to formations of
organisms like the mildews or fungous and blackistéhat threat the human health
and comfort and damage the construction systerheobtildings and increase the

heat losses.

To prevent from the negative effects of the watangition and to evaluation of the
water condensation risks the standard proposecalaabn method. However in this

method the followings are not taking into account:
» Dependence of thermal conductivity on the amouushidity,
» Hidden heat that is absorbed and released,

* Changing of the characteristics of the materialsedding on the amount of

humidity,
» Capillary absorption and water transition througdtenials,
* Air movements in cracks and air sections,
e Hygroscopic moisture capacity of the materials.

Diameters of the building materials, their resis&afor heat transfer and water vapor
diffusion, material arrangements, heat distribummong the materials, the function
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of the building and the climatic conditions affetk® condensation. Beside these
factors, the input data for the calculation aresgibelow:

« The characteristics of the materials: thermal cotiditly, resistance factor of

water vapor diffusion,

« Internal and external conditions: external air temagures, temperature of the
soil that adjoined to building elements, internialtamperatures, internal and

external relative humidity.

Before the calculation, the temperatures of therirdl surfaces should be determined.
To prevent the mildew and to ensure the comfortdiams, surface temperatures
should be maximum°g€ lower than the internal temperatures. By the ocktthat
standard suggests (Glaser Method) it should beralted if there is a condensation
in the building envelope elements. If it is discadethat there is a condensation risk
on the building element, it should be redesigned #re calculation should be
repeated. Additionally the graphics of diffusionXlshould be reported and should
be added to the thermal insulation project, evahefe is no condensation at least
for the months of December and January. In thedst@han example is given to

demonstrate how to arrange the drawings, graphidsables.

Additionally in the standard it can be found thélés for monthly mean relative
humidity values for the cities.

5.2.2.2 Energy Efficiency Law, April 2007

The energy efficiency law has come in to force 8r04.2007, as a part of the 2003
twinning projects of Turkey for European Union.

The scope of the law is set as to improve the gnefftciency, to prevent the waste
of energy, to decrease the energy costs and teagerthe efficiency in usage of
energy and energy sources to protect the environmiére law comprises the

procedures and methods about [25]:
* Production, transmission, distribution and consuompbf energy,

* Increasing and supporting the energy efficiencyindustrial operations,
buildings, electrical energy production facilitiespergy transmission and

distribution network and transportation,
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* Improving the level of consciousness about endngyughout the country,
e Utilization of renewable energy sources.

Under the estimations of this scope, the law stif@sl some regulations about,
» Energy directors of the industrial organizationd #reir education,

* General education and raising the consciousnesaut aliee energy

effectiveness,
* Energy certification procedure and documentation,

e Economical support to the energy efficiency appioccaand research projects,

and employ some ministries to put into practice.

The articles under this chapter declare that a f@ioation Commission of Energy

Efficiency’ should be constituted to ensure tha kbor about energy efficiency is
being prosecuted effectively and then to monitat emcoordinate the results. After
explaining the participant ministries, foundatiomsd chambers, the law sets the
missions, authorities and responsibilities of themmission. Basically the

commission will work for projection and coordinaticof strategies, plans and
programs for energy efficiency and evaluation & éffectiveness of the projects in

national level.

According to the Law, authorizing the universitiehambers and companies are

arranged by these principles:

* General Directorate of Electrical Power Resouraavey/ and Development
Administration, by the ratification of the Coordtren Commission of
Energy Efficiency, gives authorization to univaestand chambers to make
education about energy management and energyicaith and to give
authorizations to the private companies. This aughton is to be renewed

every five years.

* General Directorate of Electrical Power Resouraave/ and Development
Administration or authorized universities and chansb can give
authorization to the private companies to perforgucations, etudes,
counseling and applications of energy manager fioation. This

authorization is to be renewed every three years.
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* The authorized companies, by the etude studiesidipoepare and apply the
projects for energy efficiency and conservationthia final measurements of
the applied projects, if it can be realized thelaed energy efficiency or

conservation for three times, the authorizatioceiscelled for one year.

Educations and consciousness raising actions sh@udken to increase the fertility
of the energy efficiency projects. According to the, the education program for the
private companies, in government, private and amifitschools and in military for
soldiers should include the theoretic and practictdrmation about the definitions
of the terms about energy and energy efficiencg ¢hrrent general energetic
situation of Turkey, energy sources, energy pradocsystems, efficient usage
techniqgues of energy in daily life and climate dj@n Additionally for the

comprehension of the public here are some of thst mmaportant services that the

law declares:

* General Directorate of Electrical Power Resouraavey and Development
Administration is responsible to prepare films gmdgrams for television to

increase the consciousness about energy.

* In the user manuals of the energy consuming gothas.energy efficient

usage methods should be explained.

Under the “Applications” part it is explained thentlitions in which it is compulsory
to have an energy manager and energy managemeattrdept for the industrial
organizations. Besides, the law asserts that the prancipals about architectural
design, insulations, the heating and cooling systemlectricity installations,
illumination design and hot water systems of thidimgs should be set by another
regulation which will be published by the Ministoy Public Works and Settlement.
According to the same regulation, an “Energy ldgnbocument” should also be
presented for the buildings to display the energgrfggmance, insulation
characteristics, the efficiencies of heating analinog systems and the energy

classification of the building.

Additionally the law declares the other regulatibmsrrange the principles about the
energy efficient applications in electric energyquction and distribution plants,

transportation and domestic energy consuming ptsduc
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The law clarifies also the circumstances for theariicial supports which will be
make for the energy efficiency application projecthergy density decreasing
research and development projects under the patimdorts. Additionally, for the
energy efficiency application projects, the law éogp the Ministry of Energy and
Natural Sources to publish a regulation to speitié/supports in detail.

In the last chapter, the principles and in whidiuaions they will be applied are
explained for the administrative sanctions. Aftas fpart the exceptions are specified
as the Turkish Armed Forces, the Ministry of NatibrbDefense and National
Intelligence Organization.

5.2.2.3 Energy Performance Regulation of the Buildigs, December 2008

The regulation is published by the Ministry of RablVorks and Settlement under
the obligation of the Energy Efficiency Law, Ap#008 (5627) and the Construction
Law (3194) and published in the gazette in 5 De@@B08 [26].

The objection of the regulation is to determine alcwalation method for the
evaluation of the all types of energy consumptiba building and the classification
of the energy performance according to the prinesagrgy consumptions and carbon
dioxide (CQ) emissions by taking into account climatic corafi, internal space
requirements and cost efficiency. Furthermore fer hew buildings and existing
buildings that will be renewed in a large scale, tbgulation specifies the minimum
energy performance requirements, evaluates thébiiggsof the renewable energy
sources, controls the heating and cooling systdimgis the greenhouse gas
emissions, sets the principles of energy performasrderia and applications and

ensures to protect the environment.
The regulation comprises these subjects:

* The researches, examinations and evaluations ofeiperiments about
energy performance limits of new and existing hbotdd, calculation
methodology of the energy performance, preparatiothe energy identity
document, authorization of the individual foundasoto certificate and

control the buildings and determination of the oradl energy policy.

74



Feasibility studies for the application of the cogetion system and
renewable energy sources on the buildings withutiiezation space larger
than 1000rh

Performing the consciousness rising educationsu$éers and educating the
employee of the private organizations in the enesggtor to ensure the

efficient usage of the energy.

Energy efficiency projects of the buildings whicte aegistrated as cultural
heritage and applications of these projects withdamaging the special

characteristics of the buildings.

In the articles 7 and 8 the architectural desigth applications are explained in the

manner of better energy performance of the buildifilge principles which are

mentioned in the regulation are:

The energy needs of the heating, cooling and ithatidon should be kept in a
minimum level and natural heating, cooling, vetibia and illumination
chances should be profited in a maximum level lyntainto account the

local settlement, humidity and wind factors.

The undesirable losses and gains should be minihbgethe orientation of
the buildings and the spaces according to the nadtepcal data like solar,
wind, humidity and rain of the climate zone. Besidlee living areas in the
building should be oriented to take optimum suttlignd to be ventilated

naturally.

Thermal insulation should be continuous and heatigbs should be

prevented.

The alternatives for architectural design shouldi&ecloped according to the

reports about the potential renewable energy sewtthe settlement.

In the fourth chapter the principles for thermadulation, minimum air circulation

and air tightness are explained. The principlegifermal insulation are followings:

The annual energy need for heating of a buildingukh not exceed the
values declared in the standard TS 825 and alsthdmmal insulation of the
envelope of the building should be applied accaydmthe TS 825. The heat
bridges should be prevented.
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* In the calculation of the energy need for heatimgthe attached houses the
walls in between should be assumed as outside .watlglitionally the
thermal transmittance values of the common wallsclwhseparate the
different user spaces should be lower than 0.803%//m

* In the thermal insulation projects heat loss aaitdigand the ratio of the loss
and gains, annual heating energy need, differeneszan the building (if
there are), the thermal transmittance values obthieling envelope elements
with materials, details and surface areas, charatibs of the ventilation,

calculation of the condensation should be placed.

« Furthermore the pipes, collectors, joints, valvesl d@ucts of the heating,
cooling, and ventilation systems and all other naeatal equipment of the
domestic hot water production systems must be atsdlby thermal and/or
sound insulation materials. The details of the letson principles are

explained in the regulation.

In the regulation it is clarified the usage of gpecmaterials to ensure the air
tightness at the places where are possible heaedosuch as the surfaces like
expansion joints, sections or shafts. However evgmt the bad indoor air quality, a
minimum air circulation should be provided. Thelaakages from the windows and
door frames should be calculated taking into actol® minimum air circulation

needed for user health.

In the chapter five the design and application @pies of heating and cooling
systems are discussed. Basically, the related atdsdand norms are stated, the
thermal transmittance values and design charattsrisf the central and individual
heating systems in the buildings are specifiedaliinfor the application of the

heating systems the most important points thatesged are:
e The fresh air supply and ejection of exhaust air,

* The regular inspections of the system performaaffeiency of the system

and analysis of the chimney gases.

For the cooling systems also, the requirements,ptireciples and the necessary

inspections are explained.
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The principles about ventilation and air conditigmiare taking part in this chapter.
Besides the related standards and norm about tjecsuthe fundamental points are
humidification of the places, mechanical ventilatisystems for non residential
buildings. Furthermore the heat recuperation systemd minimum efficiency

requirements for the new constructions are expthif@ally the conditions for the

inspections, tests and maintenance services deglsta

The chapter sets the crucial points about the agnitot water production systems.

These points can be summed as:
* The related standards and norms,
e Optimum economic and hygienic resolutions,
* The design principles for non residential but vexrabuildings,
« Individual and central systems.

Automatic control systems are enforced to assist $histems, to increase the

efficiency and to facilitate the inspections balijcia these situations:
* With the gas or liquid fueled boilers,

* In non residential buildings, to control and to Het different temperatures
for different spaces, to control the illuminatioavéls according to the

daylight,

* In residential buildings to ensure the minimum outg water and outdoor

air compensation for the boilers ,

* To ensure the automatic run of the circulation psiofthe sanitary hot water

systems,

* For the new constructions, to provide the energgsumptions of each

system separately.

In the ninth chapter the basic principles for theergy efficiency of electrical

installations and illumination systems are expldias:

* Manual control panels should be used to allow tkersito achieve an

optimum illuminance level,
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The systems with the movement, heat and light sersdmuld be used to shut
down the illumination systems when there is nobiody space and to prevent

the unnecessary usages,

Time-regulated or daylight dependent keys shouldiger to maximize the
daylight usage,

The illumination armatures should be placed to eahia homogenous
illumination levels and should be chosen energyciefit to ensure the

minimum energy consumption,

The light colors of furniture and walls should befprred to help increasing

illuminance levels with fewer armatures.

In this chapter the usage of renewable energy seware reported. According to the

standard,

For every new construction with more than 100@isage area, the designers

should prepare a report about the potential renlanaatergy sources.

If the first investment costs (opportunity costsndoe re-purchased in 10
years for the buildings less than 2060 in 15 years for the buildings more
than 2000m it is obligatory to construct these renewableays.

The obligatory conditions about heat pumps andcsllectors are set.

The ventilation systems in the non-residentialdings should be assisted by
natural ventilation systems to increase the efficye

In case of the usage of the geothermal energyietiuen water of the heating

system should be send back to the geothermal source

In this chapter it is stated that for all the metbal systems for heating, cooling,

ventilation, electricity, illumination and hot wate report that defines the periodic

maintenances should be prepared by the body whkicksponsible for the energy

identity document.

These principles are determined for the energytigeshocument:

The energy identity documents are prepared acaprttinthe EN15217

standard and they will be valid for 10 years.
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The energy identity document is prepared for thstexy building which has
at least 1000Mmof usage area and for the new buildings and treimdent

should be used together with the permission otdingl usage document.

One copy of the energy identity document shoulglaeed in the entrance of
the building to be seen easily by public and in thses of sell or rent it

should be given to the new user or energy manager.

In a case of an application that changes the anematgy need of the

building, the energy identity document should beereed.

Energy identity document can be prepared for thelevtbuilding or for

separate parts of different usage areas.

The methods for the surface area calculation, endrgnsformation
coefficients, transformations of final energies gdmary energies, final
energy consumptions, coefficients of sera gas eomssansformations and
carbon dioxide emissions should be placed as asn&ixthe energy identity

document.

The data that should be placed in the energy ijetidicument are (Figure 5.2):

General information about the building,
Usage area of the building {jn
Function of the building,

Energy amount for heating, cooling, conditioningniilation and sanitary hot

water (kWh/year),

Annual primary energy amounts depending on evefferdnt energy type
(kWhlyear),

Classification of annual primary energy consumptbthe building between
the reference values from A to G (Figure 5.3),

Annual sera gas emissions (kg £1@-year) and classification between the

reference values from A to G (Figure 5.4),

Energy consumption amount for illumination.
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ENERJi KiMLiK BELGESI

Belge No

Bina tipi

ingaaty il B
Kapali Kullanma alani:
Ada, Parsel

Adres B

Tarih

Belgey i Dizenley en

Oda Sicil No

Belgenin Son Gegerlilk Tarini:

Imza

Milk sahibi:
Isim:
Adres:

Misterek tesisatlann sahibi (gereklyse):

Isim:
Adres:

Enerji tipine gére yillik tiiketimler

Nihai Enerji Birincil Enerji
tiiketimleri tiiketimleri
Enerji Kullanim Alani KW saat KW saat
Isitma ©
Sibhi s1caksu
Sofutma:
Aydiniatma:
TOPLAM :

Isitma, sthhi sicak su lireimi, sogutma ve aydinlatma
igin enerji tikketimler (birincil enerji olarak)

Nihai tiiketim:
[T kWsaat/ mZyl

Isitma, sihhi sicak su Giretimi, sogutma ve
aydinlatmaicin sera etkisi gaz1 (SEG) emisyonlan

Emisyon salimi:
................ KG 54 CO; / mZyil

Figure 5.2: Energy identification document

Tasarruflu Bina

Enerji Tiiketimi Yiiksek Bina

Bina

<]

SEG Emisyonu Diisiik Bina

WWheplin il

SEG Emisyonu Yiiksek Bina

Bina

<d

bt €O my ]

Figure 5.3: Energy certification document

In the calculations of the annual energy need & thuilding, the energy
consumptions for heating, cooling, sanitary hotewand illumination should be
taken into account. Furthermore the relative statglabout the calculations of

heating, cooling, illumination and sanitary hot erasystems are stated here.

Finally in the annexes minimum insulation thickress$or the heating and sanitary
hot water installations, illumination sources fbe tgeneral illumination, example of
energy identity document, references of primaryrgynand sera gases according to
the climatic zones, the values of energy classeprimary energy consumption and
sera gases emissions by final energy consumptiseiss gases transformation

coefficients according to the primary energy typéegrmal insulation application

examples can be found.
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6. EVALUATION OF TURKISH AND ITALIAN ENERGY CERTIFI CATION
SYSTEM THROUGH A CASE STUDY

6.1 Energy Performance Certification Process for Bildings

The calculations that are defined by standards ragdlations are to find out the
energy performance of the building. Afterwards ¢anprehend and to compare the
energetic situation of the buildings, the certifica of the energy performance of the
buildings shall be used. At this point it is im@ort to make a difference between
determining the energy performance and labelingethergy performance. As the
energy diagnosis is a part of the certificationisidefined as a qualification of the
potential abnormalities and possible optimizatiafsthe “building system” by

comparing the obtained or calculated primary eneffigiency characteristics of the
building and its plants with an energy efficientldung [11]. The energy certification

is a final document to highlight the results ofgtiasis and reference values.

Energy performance certification is a complicatad affortful process as it bases on
numerous calculations. However one of the scopéiseoénergy certification is to be
easily accessible to inform the users about thegetie situation of the building.
Hence it may be needed to develop some tools t®tsame basic data from the
building and pre-determined values to evaluate e¢hergy certification. While
expertization is needed for energy diagnosis, thergy certification shall be

performed easily also by the users.

Furthermore, certificating energetically existingildings and new buildings differs

depending on some aspects. First of all, the Jalg and regulations in the date of
design and construction affect the energy perfoomathrough material usage,
construction details, thermal transmittance value®/AC systems, and their

efficiencies. Secondly, obtaining the actual ddténe envelope, HVAC systems, etc.
of an existing building may be rather difficult. iFthese reasons, it should be
differentiated the certification of new and exigtiouildings.
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It is also important to be differentiated the dexéition procedure for different types
of buildings. The function of the building affedise expected comfort conditions

and user habits and so the characteristics ofitightentilation, heating, cooling, etc.

Finally it has a significant value to certificateisting buildings to see the current
situation of the buildings energetically all ovdretcountry. What's more, the
certification document involves some suggestionsifgorovement of the energy
efficiency and possible interventions, so it mayolained the total potential profit
of individual energy efficiency development opevas through a country. Thus
energy certification of existing building stock maffect also the energy politics and
objectives of the country.

DOCET is one of the tools developed for energyiftexmtion in Italy. As Turkey
continues to develop its own national program fog energy certification in the
meantime of the research of this thesis, for tlse ctudies DOCET is used.

6.2 DOCET

DOCET is a software program that is used to anabué perform the energy
certification for the existing buildings in Italyit was developed by ITC-CNR

(Istituto per le Tecnologie della Costruzione -n€iglio Nazionale delle Ricerche /
Construction Technologies Institute — Italian NaibResearch Council ) and ENEA
( Ente per le Nuove Tecnologie, 'Energia e 'Amittie/ Italian National Agency for

New Technologies, Energy and the Environment ). BOGs a simple program

which is based on Italian national calculation moetblogy (UNI/TS 11300) for

energy certification of the buildings. It only makecalculations for existing

residential buildings and has two options for fantibuses or apartments (Figure
6.1).
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Figure 6.1 First page of DOCET

DOCET makes the calculations according to the ststate conditions and it has

basically five parts that are divided in sub-pé#kis:
1. Net Energy

« Data of Context: Data about location of the buidiBy choosing the
province and the city, program determines the ditrneone and degree-day

of the site.

« Data of the Building: the year of construction, arobf the outer surface,
bearing construction typology, important renovasiar restorations and the

data about the geometry and orientation of thedingl
+ Non-heated volumes: data about the volumes thatairbeated, if there is.

* Opague Envelope: the transmittance values of thequg parts of the

envelope.

* Transparent Envelope: the transmittance values ams@l ratio of the

transparent parts of the envelope.

Entering these data gives the results about neggneeeds for heating, cooling,

domestic hot water and electricity.
2. Supplied Energy

* Heating: data about heating system of the building.
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» Sanitary Hot Water: data about sanitary hot watedyction system.
« Electricity Usage: data about usage of electricity

Entering these data gives the results about supphergy for heating, domestic hot

water and electricity.
3. Primary Energy
* Heating Plant: data about the combustible thaséslun the heating system.

« Domestic Hot Water Plant: data about the combuestitsit is used in the hot

water system.
* Final Useful Energy

Entering these data gives the results about totalgpy energy usage, non-renewable

primary energy usage and carbon dioxide emissions.

DOCET performs the certification for existing bumds for heating conditions
according to the national calculation methodologypwever it gives results for
energy needs of heating, cooling, hot water, amttetity; supplied energy for
heating, hot water, and electricity; total and menewable primary energy uses and
carbon dioxide emissions by using pre-defined dateespect of the data entered.
The data it requires are basically for the physiedinition of the building to specify
the heated volume. Defining the location of thelding allows the program to use
the climatic data and thermal transmittance vakmes the ratio of the opaque and
transparent parts of the envelope are necessarthéobasic calculations. For the
calculations of primary energy need for heating dothestic hot water production
systems, the type of the system and also the lisioh sub-system should be
defined.

Finally, DOCET forms out the energy certificatioocarding to the non-renewable

primary energy need and G@missions.

In the following figure (Figure 6.2), the Italiamn&rgy Performance Methodology
and DOCET's calculation methodology can be seestgss. Obviously DOCET'’s

calculation steps are less as it is a simplifienl.tds the colors indicate the similar
data and calculation steps between two approadhes) be seen also that DOCET

does not provide a complete energy diagnosis.
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6.3 A Case-Study by DOCET

6.3.1 Introduction

A comparison study had been performed with the gkarbuildings for Italy and
Turkey to understand the working principles of DOCH has a significant value to
see the opportunities of such a software for théfication studies in Turkey. As
DOCET is developed for Italy, it can be obtainedackground for the similar

certification tools by running it for Turkish conidins.

For the study a single family house and an apattrbailding example, that are
projected and constructed recently in Turkey indbgree-day zone 2, were chosen,
so both of them are proper to the current laws staddard of Turkey. However in
the study, these buildings are assumed to be placedferent cities in Italy and
Turkey. In each country two different climatic zen&om two different cities,
Istanbul and Ankara from Turkey and Bari and L’Agurom ltaly, were chosen and
the comparisons are made between the cities witilasi climatic data, between

Istanbul and Bari, and between Ankara and L’Aquila.

6.3.2 Selection of the Cities

The cities are chosen from Turkey and Italy aceaydio their similar degree-day

values and daily mean temperature values.

Below it is given the zones, degree days, and thktransmittance values for Italy
(Figure 6.3 and Table 6.1, Table6.2, Table 6.3,|@&b4, Table6.8) and Turkey
(Figure 6.4 and Table 6.5, Table 6.6).
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Figure 6.3: Degree day zones of Italy

Table 6.1:Energy performance limits for residential buildi{@8Vh/m?2) in Italy

Building Climatic Zones
factor
Up to (from to from to from to from to |beyon
S/V 600 601 900 901 1400 | 1401 | 2100 | 2101 | 3000 |d 3000
DD DD DD DD DD DD DD DD DD DD
<0,2 10 10 15 15 25 25 40 40 55 55
>0,9 45 45 60 60 85 85 110 | 110 | 145 145

Table 6.2: Thermal transmittance limit values @baque vertical surfacedor Italy

from 1% January 2006

from 1% January 2008

from 1% January 2010

CLIMATIC ZONES U (W/mz2K) U (W/m2K) U (W/m2K)
A 0,85 0,72 0,62
B 0,64 0,54 0,48
C 0,57 0,46 0,40
D 0,50 0,40 0,36
E 0,46 0,37 0,34
F 0,44 0,35 0,33

Table 6.3: Thermal transmittance limit values of roofs falyt

from 1% January 2006

from 1% January 2008

from 1% January 2010

CLIMATIC ZONES U (W/mK) U (W/mK) U (W/m2K)
A 0,80 0,42 0,38
B 0,60 0,42 0,38
C 0,55 0,42 0,38
D 0,46 0,35 0,32
E 0,43 0,32 0,30
F 0,41 0,31 0,29
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Table 6.4: Thermal transmittance limit values of basementdtédy

from 1 January 2006 from 1% January 2008  from 1% January 2010

CLIMATIC ZONES U (W/mz2K) U (W/mz2K) U (W/m2K)
A 0,80 0,74 0,65
B 0,60 0,55 0,49
C 0,55 0,49 0,42
D 0,46 0,41 0,36
E 0,43 0,38 0,33
F 0,41 0,36 0,32

Table 6.5: Thermal transmittance limit values of vertical danws for Italy

from 1% January 2006 from 1% January 2008 from 1% January 2010

CLIMATIC ZONES U (W/m2K) U (W/m2K) U (W/m2K)
A 5,5 5,0 4.6
B 4,0 3,6 3,0
C 3,3 3,0 2,6
D 3,1 2,8 2,4
E 2,8 2,4 2,2
F 2,4 2,2 2,0

The chosen cities in Italy for the case study ameé Bnd L’Aquila. Bari is located in

climatic zone C (degree days between 900 and 1400)L’Aquila is located in
climatic zone E (degree days between 2000 and 2500)

o -ZchZ

B o 3 Zone 4

Figure 6.4: Degree day zones of Turkey
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Table 6.6: Energy Performance limits (kWhfinfor year in force since 22 May
2008 in Turkey

CLIMATIC ZONES

Building Form 1 2 3 4

Factor (S/V) Up to 1500 DD From 1500DD  From 2250DD  Beyond 3000DD
to 2250DD to 3000DD

SIV<0,2 19,2 38,4 51,7 67,3

S/V < 1,05 56,7 97,9 116,5 137,6

Table 6.7: Limit values of the thermal transmittance for Teyk

UWa\ll Uroof Ubasement Uwindow

(W/mz2K) (W/m?2K) (W/m2K) (W/mz2K)

ZONE 1 0,70 0,45 0,70 2,4
ZONE 2 0,60 0,40 0,60 2,4
ZONE 3 0,50 0,30 0,45 2,4
ZONE 4 0,40 0,25 0,40 2,4

The chosen cities in Turkey for the case studylstenbul and Ankara. Istanbul is
located in climatic zone 2 (degree days betweerD 1&t@d 2250) and Ankara is

located in climatic zone 3 (degree days betweel® 226 3000).

According to the energy performance limit valuepateding on S/V values for Italy
(Table 6.1) and Turkey (6.6), the values of Turkey more restrict. For example, as
for the Zone E in ltaly the limit values are chargfrom 110kWh/rto 145kWh/m,
the third zone of Turkey, with the similar degresrdralues to the Zone E, has a
lower limit value of 116,5kWh/f

Comparison of the daily mean temperatures of tloseh cities: Mean temperature
values of Bari (Table 6.8) are changing betwe¥®d &nd 24,%C and the values for
Istanbul (Table 6.9) are very similar to Bari. Thénwe compare the mean
temperature values of L’Aquila (Table 6.8) whicle athanging from ZC to 22C,
the values for Ankara (Table 6.10) are very singlaanging from -3C to 23C.
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Table 6.8: Monthly average values of daily mean externateaimperatures for the

cities in Italy
o Sagln | Cocud Altituding| GEN FEB. | MAR. | APA MAG =] LUG AGO SET orT, | MOV e
Provineia ™ B+ c “c " G e & ] = *C | "= *t

1 ] i Agrigento 0 o4 10,8 12,7 5B 184 24,1 280 0.5 2.0 108 1849 w2
2 AL | Alwssandnia ] ] 28 A 131 7a 220 a7 =1 e 131 (1] 18
E AN | Ancona (L] 63 ™ a9 134 7a AR} 204 241 na 4.5 (F8] ]
4 MO | Aosta 583 -0.3 28 87 e | dar | 8,7 | 0.5 164 189 103 4 0.8
B AP Ascali Pcana 1654 55 LX) 8.5 13,3 172 21.7 244 3 2.1 15,8 10.8 ro
T AR Arerro 28 8.1 58 52 126 164 0.8 o | 24 03 150 102 [ 8]
L] AT Awi ‘ 123 oa a7 e g wa e 2 e e .y ‘ 6,1 13
@ L Avalinn 348 55 B.5 6.8 124 16.0 20,3 1 20 10,8 14,8 10,4 X ]
[} [T Bargame 249 31 &5 X ] 10 213 | Ay s B 08 1wz | B8 B
12 BL, =ﬂl||||m 383 a1 23 (3] "a 149 189 | .2 2M0m 7 24 | as 1.7
12 | BNy Banaventy 138 as T 163 1y s 221 4.8 4.3 AR ] 188 124 LX)
4 BO Balogni 54 an 4.6 [ K] 142 i8.2 =28 B4 249 a2 (LN ] nr L]
15 BN | Brindisl 18 "3 LE] 154 142 a0 =20 2E 245 221 18,3 4.4 L)
AL 8BS | Breacia 140 1.5 4.2 B3 135 w7 =20 244 a7 we | 140 TA a8
17 BZ | Balrane 02 1.2 42 8.0 13,4 0.8 Mo 27 22890 188 | 2.0 a7 a2
i CA | Caghan a A 18 128 18,1 184 ] 255 255 =] 19,4 158 nr
L CB | Compooanso mar ar a8 T3 "a e 106 22.5 222 ue LEX ] e -]
0 | CE | Caseria B a7 | 54 120 154 wmi 235 | M2 281 non a2 (ER] s

Table 6.9: Monthly mean temperatures of Istanbul
ISTASYON ADI GOZTEPE/ISTANBU
ISTASYON NO 170682
AYLIEK ORTALBMA SICARLIE (=C)

YIL QCARE 5UBA MART NISA MAYI HAZI TEMM AGUS EYLU EEIM EAST ARAL
1986 4.8 54T 5.3 0,0 X9.3% 21.5 Z3.B 23.9 I9.2 IT4.2 I2.3 I0,L
1997 6.9 54 6.1 .2, 16T 2148 2328 21060 1TSS 1492 1104 8.8
1998 6.9 6.9 &2 14.2 168 22,5 24.4 251 20.4 16.9 11.8 &.7
139588 7.2 6.8 8.1 14.48 17,50 21.89 25.4 24,5 20.7 16.2 11:5 10:8
2000 5 g 6.5 T.T I%:3 1e.T 21:k 251 2%01 20.T7 153 13.6 5.6
2001 8.6 8.0 12.7 13.6 16.8 21.8 26.1 25.1 21.5 16.6 '10.9 5.0
2002 G ) 8.9 9.4 11.1 1&.9 22.7 26.& 24.6 20.4 1.2 12.7 G.2
2003 T 27T 4.8 9.8 18.1 23.1 2Z5.1 2&5.5 18.5 16.3 10.8 7.8
2004 Sed 5.9 8.4 12.2 16.4 21.4 23.7 23.6 20.9 17.3 12.1 8.5
2005 7.1 6.1 7.5 12.4 16.4 20.6 24.3 25.2 21.1 14.7 10.5 8.8
2008 4.4 5.8 8.6 1z2.8

Table 6.10 :Monthly mean temperatures of Ankara
ISTASYON ADI ANELBA
ISTASYCON HNC 17130
AYLIEK ORTALAMA SICAKLIE (=C)

YIL CCAK S5SUBA MaRT NISA MAYI HAZI TEMM AGUS EYLU EKIM KASI ARAL
13885 3.3 0wl 6.7 9.9 17.6 21.8 20.8 23.4 15.0 11.8 3.4 2.9
1356 1.8 4.8 3.8 8.3 I7.8 20.2 25.2 Z3.% ITT.3 11.5 8.0 6.5
1587 e | 0.7 I.4 T.o 17.42 2042 22.7 20.8 15,8 12.9 g =N
15958 2.1 3.2 3.9 3I3.5 I&.0 20.2 24.6 25.2 '15.2 I4.5 8.5 4.5
1999 ks PP | 323 626" 12.1 16.9 28.0 24,4 Z3.8 18.8 13.9 6.7 5.0
2000 s e T e 4.5 AF0 A5E" 198 2&05) Z2UB 1828 12L2 8.7 2.2
2001 3.0 4.1 1150 2406 19.8 21080 2el3 2407 20.8 0 13h2 6.8 2.5
2002 -3.8 5.0 8.8 10.4 1le6.7 20.8 24.8 22.5 18.3 13.3 8.0 -0.8
2003 Sad: =03 3.2 10.3 19.0 22.6 23.5 23.3 '18.0 13.4 8.0 1.5
2004 0.2 2.4 T2, 115, 15.8 20.0 23.65 22.9 19.3 14.2 7.2 2.3
2005 F8 2.5 &€.1 11.6 1.6 189.5 25.80 25.4 18.7 10.8 6.1 3.0
2006 -1.7 0.4 T8 I3.1
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6.3.3 Example Projects

There are two example projects that are used in BD®ne is a single family
house and the other is an apartment. Followingsttegedetails about the project

which were required by DOCET.
« Family House (Figure 6.5, Figure 6.6 and Figurg 6.7

It is a three storey house assumed to be locatecbumtryside. The building’'s

southern facade is the most transparent one araltee color of the building is light.
The heating system and domestic hot water produdistem are the same plant
which uses natural gas (methane). The basementtl@ndstare hole are not

conditioned.

D.a-B01
=% STAR HALL
350m* Dasod
TECHNIC SERVICES
18 05m
B0
LAUNDARY
9.75m*
5 a-B1 T B
HALL P THROOM
9.80m BEA 3150 STAFF ROOM
1 14,80
- :
.60
508
o DAILY LIVING ROOM
: 33.00m?

o

245
34

Figure 6.5: Basement floor plan of single family house
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pazoi
)| ENTRANCE HALL
icE! 13.25m*

220!
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I
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T%E e

Figure 6.6: Ground floor plan of single family house
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3.45me [ I =
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e 1220m
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= [Da-103 .
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- ——]

TERRACE.

H

Figure 6.7: First floor plan of single family house
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* Apartment Block (Figure 6.8)

It is a multi-storey building which has two indivdl apartments on every storey.
These two individual parts are oriented West anst.Héor the DOCET application

the apartment that is oriented to East on fAdlabr is chosen. The heating system
and domestic hot water production system are theegdant which uses natural gas

(methane) and it is unique for the whole building.

Y1

T Y

7722222227

!-

:\\\\\\\\\\\\\\\\\\\\\\
N

AN

4
']
WY,

1
V7722222222222

Figure 6.8: Floor plan of the apartment

6.3.4 Application of DOCET

The DOCET is performed for 16 cases: for two prigefur cities and two different
types of heating system. After determination of titees and matching (Bari with
Istanbul and L'Aquila with Ankara), the thermal rismittance values of the
envelope elements are assumed to be proper toatlenal laws for both countries
and degree-day zones, so the values on the lawgsarkin the program. For the
heating system, boiler and heat pump were chosehegsare the most common
heating plants in Italy and Turkey. The domestit Wwater production is assumed

that it is being provided from the same plant aatihg system in every case.
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6.3.5 Results

DOCET gives results for energy needs of heatinglimg, hot water, and electricity;
supplied energy for heating, hot water, and eleityri total and non-renewable
primary energy uses and carbon dioxide emissioftsr All, it gives the certification

results with all the values that are mentioned feefo

The results of calculation are shown in the tabkdew:

Table 6.11:Delivered Energy Needs for Single Family House

Building Heating Delivered Delivered CG, Energy
Type Plant Energy Need Energy Need emissions Class
Type for Heating for Hot Water kg/n?
KWh/n? KWh/n?

Istanbul  single family boiler 55,4 15,9 11,2 E
Bari single family boiler 48,7 15,9 9,8 E
Istanbul  single family heat pump 25,1 6,7 51 B
Bari single family heat pump 20,6 6,7 4,2 B
Ankara  single family boiler 112,6 15,9 22,7 E
L’Aquila  single family boiler 101 15,9 20,4 E
Ankara  single family heat pump 47,5 6,7 9,6 B
L’Aquila  single family heat pump 42,6 6,7 8,6 B

Table 6.12:Delivered Energy Needs for Apartment

Building Heating Delivered Delivered CG, Energy
Type Plant Energy Need Energy Need emissions Class
Type for Heating for Hot Water kg/n?
KWh/n? KWh/n?

Istanbul apartment boiler 45,9 18,6 9,3 E
Bari apartment boiler 38,4 18,6 7,8 D
Istanbul apartment heat pump 19 7,7 3,8 B
Bari apartment heat pump 15,9 7,7 3,2 A
Ankara  apartment boiler 90,2 18,6 18,2 E
L’Aquila apartment boiler 74,7 18,6 15,1 D
Ankara  apartment heat pump 37,3 7,7 7,5 B
L’Aquila apartment heat pump 30,8 7,7 6,2 A

In both tables, for single family house and aparimait, nearly similar results can
be observed: the thermal transmittances of thalimgilenvelope affect the energy
consumption and so this may change the energy. dass effect can be seen in the
Table 6.11 and Table 6.12 between the results efcdses with the same heating
system. Because of the higher thermal transmittasabges for Turkish cities, the
energy needs and G@missions are higher. On the other hand, ltaly Ibasr
thermal transmittance values, and beginning frod02¢he limit values will be even
lower. So this causes lower energy consumptionbatiger energy classes compared
to Turkey cases.
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However the software, at this stage of implemenmatdoes not use any conversion
factor from delivered energy to primary energy,itas developed for the whole

country, since each region should fix its own caawm factors.

In Italy, the typical conversion factors are,

For methanedis = 1.1 KWhe /KWhcpa (Boiler)

For electricity § 12 kWh,dkWhe (Heat Pump)

For Turkey cases, the conversion factors are,

For methanedis = 1 kWhye /lkWhcha (Boiler)

For electricity £ = 2.9 kWhJkWh, (Heat Pump)

By using these conversion factors the tables fan&wy Energy Need for Heating

and Energy Classes should be like below:

Table 6.13:Primary Energy Needs for Single Family House

Building Heating Primary Primary CG, Energy
Type Plant Energy Need Energy Need emissions Class
Type for Heating for Hot Water kg/n?
kKWh/n? kKWh/n?

Istanbul  single family boiler 55,4 15,9 11,2 E
Bari single family boiler 53,6 15,9 9,8 E
Istanbul  single family heat pump 73,1 6,7 51 F
Bari single family heat pump 41,2 6,7 4,2 D
Ankara  single family boiler 112,6 15,9 22,7 E
L’Aquila  single family boiler 1111 15,9 20,4 E
Ankara  single family heat pump 137,8 6,7 9,6 F
L’Aquila  single family heat pump 85,2 6,7 8,6 E

Table 6.14:Primary Energy Needs for Apartment

Building Heating Primary Primary CG, Energy
Type Plant Energy Need Energy Need emissions Class
Type for Heating for Hot Water kg/m?
kKWh/n? kKWh/n?
Istanbul  apartment boiler 459 18,6 9,3 D
Bari apartment boiler 42,2 18,6 7.8 D
Istanbul  apartment heat pump 55,1 7,7 3,8 E
Bari apartment heat pump 31,8 7,7 3,2 C
Ankara  apartment boiler 90,2 18,6 18,2 E
L’Aquila apartment boiler 82,2 18,6 15,1 D
Ankara  apartment heat pump 108,2 7,7 7,5 E
L’Aquila  apartment heat pump 61,6 7,7 6,2 C

As the Table 6.13 and Table 6.14 display more sgalresults for primary energy
needs which are obtained by multiplying the dekderenergy results with the
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conversion factors, it can be observed that theirgeasystem and fuel type have
more drastic effects on the energy consumptionssandn energy classes.

Another aspect that should be discussed accorditigese results is the efficiency of
the heating plant. However, the results providemnfrthe program, as previously
highlighted, does not refer exactly to the conwknpeimary energy needs, but to
delivered energy needs for heating (since the asiore factor is assumed always
1kWh,/kWh; in the software). When the heating plant is choasnboiler, the

primary (delivered) energy needs for heating aghéyi compared to heating pump in
both countries. The heating systems are affectiegenergy class even more than
thermal transmittance values as the changes are Eralass to B and from D class
to A (Table 6.11 and Table 6.12). For that reas@mvery important to make regular

interventions of all HYAC systems as it is mentidme the EPBD.

It is assumed that the necessary energy for thesgliierhot water production system
is being supplied also from the heating plant. 8o results for primary (delivered)

energy needs for hot water have changed only fterdnt heating plant examples.

CO, emissions are affecting both from the thermaldnaittance values and heating
system. Thus the lower values are achieved forctses with the lowest thermal
transmittance value and the heating system of jneg@ap. However, again the results
of CO, emissions depend on the conversion factogd#gWh) which is pre-defined

in DOCET. Also in this case, each region shouldtxown conversion factor.

As DOCET uses pre-defined data, real values ofggneonsumptions and GO
emissions cannot be achieved, so it shouldn’'t weepeed that DOCET provides a
proper energy diagnosis. However, as it is mentloabove, it responds to the

expectations for an energy certification tool.

Followings are the last pages of DOCET displayhgresults for every case:
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7. CONCLUSION

Energy certification of buildings is a way to lintite energy demand and to conserve
the primary energy in the building sector whiclome of the most energy consuming
sectors in Europe. Since 2003, when the directasedome into force, all European
Union Countries has built up their own certificatisystem and each one has started

to apply and to conserve primary energy.

By limitations on energy requirements, the optimgomfort conditions in the
buildings may be ensured by less energy and thesalilty conditions may be
prevented as the certification is obligatory. Farthore the consciousness of the
final user about energy conservation will be raigedhe certification document shall
be presented in the sale and rents of the buildingsapartments. After beginning to
apply of the certification system properly, asecdied in the beginning, it may be
displayed the energetic situation of the buildiegter of a country more precisely
than before.

This work in particular is focused on the statusEaergy Certifications in Europe
and it deepens on the ltalian Energy CertificaBystem. What's more, the Italian
Certification Methodology was applied with refererto the new law and regulation
about the Energy Efficiency and Certification inrRely. The tool DOCET shows
potentialities of an easy application, but also souoritical aspects about the

calculation of primary energy needs.

In Italy the energy certification system of buildihas started to implement and, by
the same time, the studies to develop the systenthd feedback data from the
actual system, is on progress. DOCET, for exanmplene of the energy certification
tools which are being used currently in Italy. érforms the certification for existing
residential buildings by the energy performancewation method that is defined in
laws. ltaly is developing the system to certificatet only existing residential
buildings, but also all types of new buildings. Adxhally the third and fourth part
of the UNI/TS 11300 Energy Performance of Buildimgh be completed.
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For Turkey, as a candidate to European Union, tieggy certification of building
system is an opportunity for energy conservatiogfoBe the directive, Turkey had
only a standard for the thermal insulation anddéleulation of heat transmissions of
the building envelope, TS 825. Today, by the stwdiethe energy certification, a
new law and the regulations have come into forge2®10 the energy certification
system for buildings will be in use.

In this thesis, it is also observed that the nafi@mergy politics and decisions affect
the certification system and energy classes. Bynikans of the conversion factors
for primary energy that are decided nationally Imergy experts and politicians
together, it may be obtained different results fiwe same buildings and

consumptions by different conversion factors.

Hence the problem is that the certification systefsach country are very different
so the results are not comparable. It is importamsidering local conditions of a
building for energy efficiency; however certificati and energy classes should be
harmonized for the analogy of different countriés. this thesis only Italian
Certification System has been applied to the exanplilding as the Turkish
Certification System has not been completely in U$eis it cannot be observed for
the same building how the results of two differeystems are changing. But it can
be anticipated that the results won’t be comparabléhe general approaches of the

two countries are very discrete.
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