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FOREWORD

One of the vital problems for the world is energy issue. In order to reduce the usage
of fossil fuels, which damage the environment, building must be designed by taking
into consideration of energy efficient strategies or existing building must be
renovated.

In Turkey primary school buildings have great importance in energy consumption.
Reducing this energy consumption supplies beneficial effect in total energy
consumption In this project, energy savings of primary school buildings through
energy efficient renovation strategies in building envelope are calculated.
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ENERGY SAVINGS OF PRIMARY SCHOOL BUILDINGS IN TURKEY
THROUGH ENERGY EFFICIENT RENOVATION STRATEGIES IN
BUILDING ENVELOPE

SUMMARY

The aim of this thesis is, determining the total energy savings of school buildings in
Turkey, by applying the energy saving results of one school building to the all other
school buildings in that climate region when the energy efficient renovation
strategies are used. There are some primary school building designs, which are called
“type" school design and which are constructed in all climate regions in Turkey. One
type primary school project (10025 R-720) whose all drawings have been taken from
Turkish Republic the Ministry of Public Work and Settlement are used for
calculations in this study. Thermal behaviors are analyzed and evaluated its thermal
performance and energy demand of this school project example in Turkey, by using
simulation program Thermplan-TRANSIT. Firstly, thermal performance and energy
demand are calculated for base case, then some renovation strategies are suggested
and then thermal performance and energy demand are calculated for these renovation
strategies.

This thesis includes 5 chapters:

The first chapter is Introduction. This chapter emphasizes the young population ratio
that are at the primary school age in Turkish population. Then it is explained that the
number of primary schools also have an important ratio all over the school buildings
and making energy savings in these primary school buildings can be so effectively in
total energy consumption of school buildings.

The second chapter is Primary School Education. In this chapter importance of
primary school education, requirements of primary school buildings and energy
consumptions strategies in design are mentioned.

The third chapter is Energy Consumption in Turkey. In this chapter sectorel
dispersion of energy consumption in Turkey and energy consumption ratio of
primary schools in total energy consumption are investigated.

The forth chapter is Energy Efficient Design and Parameters. It includes energy
efficient design and parameters, suggested renovation strategies.

The fifth chapter, Evaluating the Energy Consumption in Different Climate Regions
by Making Some Renovation Strategies, composes the main chapter of the study.
First, it defines the climate zones and characteristic cities for this climate zones in
Turkey. Then, it defines the case study building. Lastly, after calculating energy
demand for winter and summer period total energy demand is evaluated.

The sixth chapter, Determining the Energy Savings. Firstly, numbers of schools for
characteristic cities are defined. After determining the total energy savings for one
school, total energy savings and costs for all schools in characteristic cities are
calculated.
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TURKIYE’DEKiI iLKOGRETIM BINALARINDA BiNA KABUGUNDAKI
ENERJI ETKIN IYILESTIRME YONTEMLERIYLE ENERJi
KAZANCLARI

OZET

Bu tezin amaci, enerji etkin iyilestirme yontemleri kullanildiginda, bir iklim
bolgesinde bulunan ilkokul binasindaki enerji kazanimini, o iklim bolgesindeki tim
okullara uygulayarak, okul binalarindaki toplam enerji kazanimini hesaplamaktir.
Tiirkiye’de “tip” proje olarak adlandirilan, degisik iklim bdlgelerinde uygulanan
ilkokul binalar1 vardir. Bu calismadaki hesaplamalarda tiim ¢izimleri Tirkiye
Cumhuriyeti Bayindirlik ve iskin Bakanligi’ndan alinan tip ilkokul projelerinden
birisi (10025 R-720) kullanilmistir. Thermplan-TRANSIT simulasyon programi
kullanilarak, Tiirkiye’deki bu 6rnek okul binasinin termal davranislari analiz edilmis,
termal performans: ve enerji ihtiyaci hesaplanmistir. Oncelikle temel durum igin
1s1sal performans ve enerji ihtiyact hesaplanmis, daha sonra da bina kabugu i¢in bazi
iyilestirme stratejileri Onerilmis ve 1sisal performans ve enerji ihtiyaclari bu
tyilestirme yontemleri i¢in hesaplanmugtir.

Bu tez bes boliim i¢ermektedir:

Birinci boliim Giris boliimiidiir. Bu bdliimde Tiirkiye niifusundaki ilkokul ¢aginda
bulunan geng niifus oran1 vurgulanmaktadir. Daha sonra ilkokul binalarinin tiim okul
binalar1 i¢inde dnemli bir yere sahip oldugu belirtilmis, bu okullarda yapilacak enerji
kazanimlarinin toplam enerji tiiketimindeki olumlu etkisi vurgulanmaistir.

Ikinci boliim Ilkdgretim Egitimi ile ilgili boliimdiir. Bu béliimde ilkdgretim
egitiminin Onemi, ilkokul binalarinin gereksinimleri ve enerji tiiketiminden
bahsedilmistir.

Ucgiincii boliim Tiirkiye’deki Enerji Tiiketimi’dir. Bu boliimde enerji tiiketiminin
sektorel dagilimi, okullardaki enerji tiiketimi incelenmistir.

Dordiincii boliim Enerji Etkin Tasarim ve Parametreleri’dir. Bu bdliim enerji etkin
tasarim, parametreleri ve bina kabugu icin Onerilen iyilestirme ydntemlerini
icermektedir.

Besinci bolim Bina Kabugundaki lyilestirme Yontemleriyle Degisik Iklim
Bolgelerindeki Enerji Tiiketimini Hesaplamak olup, bu c¢alismanin asil boliimiinii
olusturmaktadir. Bu boliim oncelikle Tiirkiye’deki iklimsel bolgeleri, 6zelliklerini ve
karakteristik sehirlerini tanimlar. Daha sonra 6rnek binay1 tanimlar. Son olarak da
secilmis ilkokul tasarimi i¢in temel durumda ve iyilestirme yontemleri uygulanmis
durumda yaz ve kis donemlerindeki enerji ihtiyaci hesaplanarak, toplam enerji
ihtiyac1 belirlenir.

Altinc1 bolim Enerji Kazammlarinin Belirlenmesi’dir. Ilk olarak karakteristik
sehirlerdeki okul sayilar belirlenir. Daha sonra bir okul i¢in belirlenen toplam enerji
kazanimi diger tiim okullara uygulanarak, o karakteristik sehir i¢in toplam enerji
kazanimi belirlenir. Son olarak da tiim sehirlerdeki okullarda elde edilen kazanimlar
toplanarak Tiirkiye genelindeki toplam enerji kazanimina genel bir bakis agisi
getirilmeye ¢aligilir.
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1. INTRODUCTION

Percentage 75 of Turkish population is occurred of young people at school age. The
proportion of children who are attending to primary school is the most in this young
population. Like the same way, the proportion of primary school buildings is also the
higher in all school buildings. Making renovations in these primary school buildings
will reduce the energy demand of the building, as a result, this reduce will cause

benefits to the economy.

Increasing prices and realization that fossil-fuel resources are limited encouraged the
solar energy work. Use of solar energy for space heating is environmentally sounder
than the use of coal. Coal is source of pollution and perhaps on a large scale, a major
danger to our climate. One immediate problem with coal (and oil and natural gas) is
the called ‘acid rain’produced when sulphur dioxide and other contaminants from
power stations combine with vapour in the atmosphere to form sulphuric acid. Upon
falling to earth as rain, it seeps into the soil, releasing aluminium and manganese, and

poisoning trees [1].

In the long term, fossil fuel burning affects the carbon dioxide content of the
atmosphere and this is presently a subject of great concern. The danger is that the
increasing carbon dioxide content could lead, via the ‘greenhouse effect’, to retention
of heat that would otherwise escape from the lower atmosphere and so warm the

earth’s surface and perhaps drastically affect climate [1].

Over the past two decades particularly during the “oil crises” of late 1970’s and
early 1980’s the implications of our dependence on fossil fuels have created a
marked awareness within the building community of the need to conserve energy in

the design of buildings [2].

In the long term, fossil fuel burning affects the carbon dioxide content of the
atmosphere and this is presently a subject of great concern. The danger is that the

increasing carbon dioxide content could lead, via the “greenhouse effect”, to



retention of heat that would otherwise escape from the lower atmosphere and so

warm the earth’s surface and perhaps drastically affect climate [1].

After oil crises, energy efficient building design became more popular because of

reducing the fuel oil dependence.

School buildings, especially primary school buildings have an important ratio in
residential buildings. For this reason, energy savings are important in school building
design. While designing a new building the aim must be to take into consideration of
all climatic conditions, site properties and typical building types in that region during
design period. Tendency must be to design building systems, which use minimum
energy. Firstly, passive systems must be thought and used, and then active systems
must be added to get more performance. If only active systems are added to building
after construction, without taking any consideration of energy efficient design
parameters during the design and construction period, it will not be true assuming

that building as a real energy efficient building.

Energy efficient building design means requiring the minimum amount of energy for
heating, cooling, equipment and lighting that is required to maintain comfort
conditions in building. The energy efficient buildings must adjust their self by
utilizing natural resources of lighting, heating, cooling or by avoiding from them if
they make no benefit for building environment. These are the renewable energy
sources like solar, wind. Furthermore, the mechanical systems in this building have
to be controlled being compatible with the passive systems if it is required. An
important factor impacting on energy efficiency is the building envelope. This
includes all of the building elements between the interior and the exterior of the
building such as: walls, windows, doors, roof and foundations. All of these
components must work together in order to keep the building warm in the winter and

cool in the summer [3].

One of the most important factors for building design is climate. Solutions, which are
profited by the possitive effect of climatic datas and protected by the negative effects
of climatic datas, must be thought. This approach makes it possible to design

physically comfortable spaces [4].

The most important design parameters affecting indoor thermal comfort and energy

conservation in building scale are orientation, building form, optical and



thermophysical properties of building envelope. All of these parameters are related to
each other and the optimum on the values of each other [5]. For existing buildings
there is no chance to change energy efficient parameters except building envelope.
Some renovations can be made in building envelope and energy demand can be
reduced by using these renovation strategies. In cold climates increasing insulation
thickness, window renovation, if it is possible, winter garden and trombe wall
application, in hot climates window renovation, using shading devices can be given
as some types of these renovation strategies. Some other different renovations can

also be added.

In Turkey, heating demand for school building is important than cooling demand.
Because in Turkish education system, summer holiday period begins at 15 June and
finishes at 15 September. On the other hand, from September to April, heating is
required in buildings. It is necessary to use renovation sytems, which reduce the

heating demand of building.

A space, which does not use active heating system, is a passive heating system as a
whole. A space that has an optimal performance as a passive heating system support
required optimal indoor climate conditions [6]. Heating economy in building is not
only depending on the precautions during system occupation hours, but also it

depends on the decisions, which are taken during the building design [7].

The aim of this thesis is calculating the energy savings if energy efficient renovation
strategies for one school in one climate region are applied to all of the school
buildings in that region. In Turkey there are some primary school building designs
which are constructed in all climate regions. These projects are called “type” school
designs and some details like insulation thickness can change according to the
climate regions. One of this type primary school project (10025 R-720) whose all
drawings have been taken from Turkish Republic the Ministry of Public Work and

Settlement is used for calculations in this study.






2. PRIMARY SCHOOL EDUCATION

Primary school education is so important in peoples’ life. After kinder garden, in
primary school a child meets with another new community. In this new community,
children take more responsibilities than kinder garden and they begin to understand

life.

2.1. Importance of Primary School

Turkish population is occurred mostly young people. An important ratio of this
young population is occurred children who are primary school students between the
ages of 7—11. It is accepted that primary school education is essential and very
important residential service that must be given to the all people who are at the

school age and it is an obligation to have a primary school education [8].
Reasons for obligation primary school education are listed:

e To prevent the inequality that is occurred when having education depends on
only family choices

e To improve creative and productive features of community, assisting all
members of community about usage of citizenship rights and freedom,

e To prevent children from going to work, instead of going to school,

e To provide profitable usage of population in productive areas,

e To eliminate negative effects of low income, that obstructs improvement of
skills and abilities by diffusing education.

e To supply equality in education [8].

2.2. Requirements of Primary Schools Buildings

Psychological, social, design, construction and energy requirements can be said as

the requirements of school buildings.



2.2.1. Psychological and Social Requirements

e To create an effective and creative education atmosphere this helps for
children to explain themselves and to improve their responsibilities,

e To create spaces which make possible students to have a wide world view,

e To prepare programmes that helps children for being individuals who have
good qualifications in science, social and cultural fields,

e To get childrens their skills that helps them to adopt the society, culture and
nature they belong to,

e To prepare the programs, this integrates the neighborhoods and family to

education [9].

2.2.2. Design and Construction Requirements

Determining the demand program according to number of students, determining the
relationship between the spaces and determining the construction system and
material choice are design and construction requirements.

2.2.2.1. Determining the demand programme according to the number of students

Demand programmes of schools are different according to the number of students.

Table 2.1: Areas of primary school buildings, which has branch I to V [9]

I II 111 v A\
Branch Branch Branch Branch Branch
Total Construction Area 2558 m2 3831 m2 4725- 5545- 6565-8465

6625m2 7445 m2 m2
Total Functional Area 1535m2 2299 m2 3975 m2 4467 m2 5079 m2

%60 %60 %60 %60 %60
Total Circulation Area 1023 m2 1532 m2 2650 m2 2978 m2 35386 m2
%40 %40 %40 %40 %40
Total Student Number 260 520 760 1000 1240
Functional Area for per 5.9 m2 4.4 m2 5.2 m2 4.5 m2 4.1 m2
Student
Circulation Area for per 3.9 m2 2.9 m2 3.5 m2 3.0 m2 2.7 m2
Student
Total Construction Area 9.8 m2 7.4 m2 8.7 m2 7.4 m2 6.8 m2
for per Student
Largeness of Required 3000- 5000-6000 7000- 9000- 11000-
Land 4000 m2 m2 8000 m2 10000 m2 12000 m2
Construction Base Area  1/3 1/3 1/3 1/3 1/3
/ Open Area
Open Area for per ~10m2 ~8.0m2 ~8.0m2 ~8.0m2 ~8.0 m2
Student




Table 2.2: Demand programme of primary school buildings which has IV branch [9]

Space name Number  Person Number m?2 Total m2
A. Kindergarden (40 std)

Education Area 2 20 80 160
Storage 1 - 20 20
Teachers’ Room 1 3 20 16
Usage Room 1 - 8 8
Total 204
B. Primary Schoool (1200 std)

1. Classrooms

Constant Classrooms 15 30 52 780
Branch Classrooms

Turkish 4 30 52 208
Mathematics 3 30 52 156
Science 1 30 52 52
Social Science 2 30 52 104
Foreign Language 2 30 52 104
General Classrooms 4 30 52 208
Social Activity Classrooms 5 5 10 50
2. Laboratories

Science Labaratory 2 30 72 144
Preperation Room 1 - 16 16
Computer Room 2 60 52 104
Project Room 1 20 48 48
Art Room 1 30 72 72
Keramik room 1 - 8 8
Keramik Oven 1 - 8 8
Music Room 1 30 72 72
Storage 1 - 8 8
Bookcase 1 - 80 80
Group Study Room 4 5 10 40
Storage (General) 1 - 16 16

Total 2533
C. Management

Manager Room 1 1 16 16
Manager Assistant Room 5 1 12 60
Office 1 24 24
Storage /Archieve 1 - 16 16
Teachers’ Room

Sitting Part 1 15 40 40
Branch Teachers’ Room

Meeting Room 1 40 62 62
Study Room 1 16 32 32
D. Common spaces

Workshop 1 1 30 72 72
Workshop 2 1 30 72 72
Storage 2 - 16 32
Library

Bookcase - - 30 30
Individual Study Area 1 30 72 72
Information Technologies 1 12 35 35
Card Catologue - - 8 8
Library Staff - - 10 10



Table 2.2: Demand programme of primary school buildings which has IV branch [9]

(continued)
Space name Number  Person Number m2 Total m2

Copy 1 - 24 24
Emergency Room 2 2 24 48
Guidance
Guidance Room for Groups 2 12 24 48
Office 2 3 16 32
Total 483
E. Cafe
Canteen 1 1 60 48 48
Canteen 2 1 150 120 120
Canteen 3 5 - 25 25
Stationery
Selling Part 1 - 24 24
Storage 1 - 8 8
Total 225
F. Supporting Units
Retainer Changing Room 2 4 8 16
Cleaning Room 4 - 5 20
Technical Room 1 2 12 12
Storage (General) 3 - 32 96
Heating System Center 1 - 100 100
Total 244
Total ( General) 3939
Total Construction Area 6565
G. Sport Center 1 - 640 640
Audience Part - 400 220 220
Stage 1 - 40 40
Off- Storage 1 - 56 56
Stage Storage 1 - 32 32
Changing Room (Boy) 1 - 48 48
Changing Room (Girl) 1 - 48 48
Teacher Changing Room (Man) 1 - 12 12
Teacher Changing Room (Woman) 1 - 12 12
Storage 1 - 32 12
Total (General) 1140
Circulation Area 760
Total Construction Area 1900
Total General 8465

In Table 2.1 areas of primary school buildings, which has branch I to V can be seen.
Demand programme of primary school buildings which has IV branch can be seen
in Table 2.2. In Figure 2.1 relationship between the spaces in primary school can be
seen. In fact most of school buildings the connection of the spaces like classrooms,
management parts, classrooms and multi purpose spaces of school buildings have

nearly same connection like this school building have.



2.2.2.2. Determining the relationship between the spaces
Entrance hall
| Ass. Manager

Schoolentrance —‘Manage ofis Storage,
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Arcieve
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_ laces
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ChangeR.| Teacher's. R.2
Art CL
Canteen

Figure 2.1: Relationship between the spaces in primary school building [9]
2.2.2.3. Determining construction system and material choice

The issues that must be taken into consideration while determining the construction

systems and material choices are;

e Suitability of the project for this regional construction system,

e Ability to carry the building loads,

e Suitability of the project to fire protection,

e Getting the material easily in that region,

e Suitability of the building for the climate conditions and durability of the
building,

e Suitability of architectural and functional concept [9].

2.2.3. Energy Consumption

Primary schools must be design according to the energy savings conscious; the
systems, which reduce the annual energy consumption costs and fuel oil usage, must
be improved. It must be taken into consideration alternative solutions with the

original designs that determine local climate conditions and passive energy usage



besides classical solutions. Especially for Turkey, geothermal, wind and solar energy

must be taken into consideration [9].

10



3. ENERGY CONSUMPTION IN TURKEY

Sectoral distribution of energy consumption in Turkey, consumption of energy
sources in buildings, and energy consumption of schools in some cities can be seen

in the following tables.

3.1. Sectoral Share of Energy Consumption in Turkey

In Turkey energy consumption sectors are industry, buildings and services,
transportation and agriculture. (Table 3.1) Industry has the greatest share. Types of
energy sources are fossil fuels and electric; as it is seen in Table 3.2 fossil fuel

consumption is nearly % 80 of whole consumption

Table 3.1: Sectoral distribution of energy consumption in Turkey [10]

Sector Consumption %
( thousand TEP )
Industry 20471 37
Buildings and 20015 36.1
Services
Transportation 12000 21.6
Agriculture 2951 53

Table 3.2: Consumption of energy sources in buildings [10]

Consumption
Type of Energy
Source ( thousand TEP ) %
Fosil fuels 15907 79.5
Electric 4108 20.5
TOTAL 20015 100
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3.2. Energy Consumptions of School Buildings in Some Cities in Turkey

In Turkey schools are built in different time zones. % 1 of schools are built before
the year 1923, % 4.7 are built between the years 1923-1949, % 4.7 are between the
years 1950-1959, % 15.3 are built between years 1960-1969, % 14.2 are built the
years 1970-1979, %22 are built between the years 1980-1989, %17.7 are built
between the years 1990-1994 and % 20.4 are built 1995-1999 [10] .

In Turkey there are four thermal zones according to the insulation application which

are called degree-day zones. Some of the cities in these different zones are shown

below.

e 1. Degree-Day Zone: Antalya

e 2. Degree-Day Zone: Istanbul, Diyarbakir

e 3. Degree-Day Zone: Ankara

e 4. Degree-Day Zone: Erzurum [11].

In the following tables, numbers of schools, and energy consumptions are shown

Table 3.3: Energy consumption of regions [10]

Region Number  Fuel Electric Total
of
Buildings Consumption ~ Consumption Energy
Consumption
kWh / m’ kWh / m® CWh / m?
1. Region DDZ 441 154 30 184
2. Region DDZ 4226 193 46 239
3. Region DDZ 2967 236 27 263
4. Region DDZ 2517 262 22 284

Table 3.4: Fuel consumption of school buildings [10]

Fuel Consumption %
Coal 76.7
Fuel oil 21.4
Natural Gas 1.2
Motorin 0.7
TOTAL 100

12



As it is seen in Table 3.3 and Table 3.4 energy consumption is high for school
buildings. Especially fossil fuel consumption has a great percentage in total energy
consumption. For this reason, some renovation strategies must be improved for to

reduce the fuel consumption.
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4. ENERGY EFFICIENT DESIGN AND PARAMETERS

Wrong shaping on energy preference and consumption effect countries negatively
whose economy depends on energy imports and causes decrease of limited resources.
Besides using fossil fuel resources like petrol, coal in buildings and industry or using
these resources for producing electricity are the causes of this problem. CO2
emission causes greenhouse effect, also causes the change of ecological balance, and

causes water, atmosphere and soil pollution [12].

After industry revolution, some mechanical systems are improved to occupy comfort
conditions artificially. The systems that are independent from the climate caused
widespread design of buildings, which have mechanic cooling and ventilation

systems [12].

Le Corbusier’s definition is “Building is a machine in which people live”. According
to this definition, it can be seen technological and engineer solutions dominated in
20th century. Architecture history remember this century as a century that building
which imitate machines. The reason for this is after the industry revolution machines
became a symbol of humans’ domination of nature. Thus, buildings are adorned
typical properties of the production of montage like machines. They ignore culture
and climate, for this reason they became more similar each passing day. Although
there are regional, cultural and climatic differences, office buildings in Singapore and
New York are the same. As they are not shaped according to original conditions, all
of them are related to the same artificial comfort condition system, are using energy

resources and polluting environments [12].

Before the industry revolution , architects took living organism which found
convenient solutions to the environment and climate conditions as example and
building are evolutioned amicable to nature. It must be known that buildings can be
respectful to the nature like living organism that live in polars, deserts even in oceans

8000 m dept, and have different features with their adaptation [12].

15



Most important thing is to design comfort buildings, which are become integrated to

nature, and gives no harm to nature with its energy using and wastes [12].

When it is thought about flowers with various shape, color and dimension they can
give required reaction to light, temperature and solar energy, they should take root,
which is the only similarity with buildings. These flowers supply their energy from
sun, they use only the possibilities of region where they take root and they do not
want much more than they require or they do not give harm to the environment. In
addition, they look like a good ecosystem that supplies living areas to insects and

microorganisms [12].

First aim of the building solutions in 21st century is “decreasing the negative effects
of buildings to the environment at least level”. Ecological ethic, which makes
technology harmonious to nature, must take place of the opinion that technology
means controlling the nature and means power and wealth. Ecotechnologies, which
can make possible usage of renewable sources like solar energy, wind energy, must

be improved [12].

4.1. Energy Efficient Design and Renovation Strategies

An architect has to take in consideration of an energy efficient design from beginning
of design to the end of construction of building. It is better to try to design a building
according to the energy efficient design parameters, but sometimes for an existing
building, this is not possible. In this situation, some renovations can be done in

building envelope, which helps to have comfortable atmosphere [3, 13, 14].

4.1.1. Energy Efficient Design Parameter

Energy efficient design parameters are location of building, site of building,
orientation of building, shape of building and building envelope.

4.1.1.1. Location of Building

Location of the building determine the micro-climate conditions which has very
important role in building energy efficiency, as it is important for learning, climatic
values like sun radiation, air temperature, air circulation, humidity which effect

energy costs [3, 13, 14].
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4.1.1.2. Site of Building

Site of building and distance between other buildings are one of the most important
design parameters, which effect sun radiation amount and air circulation velocity
around the buildings. For this reason site of the building in area should be determined
to benefit and defend from the renewable energy resources like sun and wind [3, 13,

14].

4.1.1.3. Orientation of Building

Orientation of building and distance between the buildings are important parameters,
which affect the ratio of the solar radiation gain of building sides, consequently total
solar radiation gain of building. In addition, side of buildings effect wind amount,
consequently, effect natural ventilation possibility and heat loss amount by
convection and air lack. For this reason according to the necessities of that region,
buildings must be oriented for avoid of or benefit from the sun and wind according to

the conditions. [3, 13, 14]

4.1.1.4. Shape of Building

Shape of building is important in areas that have different climate conditions. In cold
climate regions compact forms should be used which minimize the heat loss part. In
hot-dry climate regions compact forms and courtyards should be used which
minimize heat gain and helps to provide shaded and cool living spaces. In hot-humid
climate region long and thin forms whose long side oriented to the direction of
prevailing wind makes possible maximum cross ventilation. In mild climates,
compact forms, which are flexible more than the forms used in cold climate regions,

should be used [3, 13, 14].

4.1.1.5. Building Envelope and Properties of Building Envelope

The skin of building performs the role of a filter between indoor and outdoor
conditions, to control the intake of air, heat, cold and light [15]. According to the
climate conditions and heat amount, building envelope, which is composed of
opaque and transparent components, has an important effect on interior air
temperature that is related to interior surface temperature. Building envelope has

physical and optical properties related to heat transfer [3, 13, 14].
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Building envelope, which is composed of opaque and transparent elements, has an
important role of interior air temperature, related to the interior surface temperature,
climate conditions and the heating quantity, which transfer its inside. It has thermal
and optical properties [3, 13, 14] .

Thermal Properties of Building Envelope

Thermal properties of building envelope are heat coefficient factor, decrement factor

and time lag.
Heat Coefficient Factor for Opaque and Transparent Component (U, W/m2K)

When the temperature difference between the two parts of the building envelope,
which is occurred one or more layers is 1K, it is the amount of heat transferred

vertical direction in unit area of component.
Decrement Factor (j )

amplitude of temperature difference of interior surface

amplitude of temperature difference of outside surface

Time Lag (f, h)

Time lag is the time difference between the time period at which exterior surface has

maximum temperature and interior surface has maximum temperature. [3, 13, 14]

Optical Properties
Optical proporties of building envelope are:
e Transparency (t) for Transparent Components
e Absorbity (a) for Transparent + Opaque Components
e Reflectivity (r) for Transparent + Opaque Components.

o = Absorbity coefficient of component

T = Transparency coefficient of component (not used for opaque components)
r = Reflectivity coefficient of component [3, 13, 14]

Sum of transparency , absorbity and reflectivity must be equal to 1.
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4.1.2. Energy Efficient Renovation Strategies

Besides aesthetic appearance and function, a building should supply ideal comfort
conditions. Sometimes a designer cannot have an interference chance to a design
from the beginning. In this situation, renovation strategies that can be done in
building envelope, which can supply ideal, comfort conditions and help energy

savings.

Some renovation strategies in building envelope;

o Increasing insulation thickness,
. Window Renovation,
. Using shading devices.

Increasing Insulation Thickness: Increasing insulation thickness is affective on
reducing heating demand of building in cold climate regions. It reduces the heat
transfer from one side to another, helps to using less fossil fuel. It has also negative
effect in cooling system as increasing the cooling demand in summer, because
increasing insulation thickness obstructs night cooling. But in cold climate regions
insulation is an important issue, because when we look total energy demand, the

importance of heating energy demand is more than cooling energy demand.

Window Renovation: Windows are one of the most significant elements in the design
of any building. Whether present as relatively small punched openings in the facade
or as a completely glazed curtain wall; windows are usually a dominant feature of a
building’s appearance. In addition to having, a dominant influence on a building’s
appearance and interior environment windows can be one of the most important
components influencing its energy use, peak electricity demand, and environmental
consequences. Heat gain and heat loss through windows can represent a significant
portion of a building’s heating and cooling load. By providing natural lights,
windows can reduce electric lighting loads, as long as effective dimming controls,
for light fixtures are employed. Proper window selection and design can also cut
peak electricity heating and cooling load, thereby avoiding costly peak demand
charges and easing the need for new power plants. In addition, high performance
windows influence mechanical systems, not only contributing to reduced operation

expense but also to potential equipment downsizing, saving capital costs [16].
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Most window and facade assemblies consist of glazing and frame components.
Glazing may be a single pane of glass (or plastic) or multiple panes with air spaces in
between. These multiple layer units, referred to as insulating glazing units, include
spacers around the edge and sometimes low-conductance gases in the spaces between

glazing [16].

For windows, a principle energy concern is their ability to control heat loss. Heat
flows from warmer to cooler bodies, thus from the inside face of a window to the
outside in winter, reversing direction in summer. Overall heat from the warmer to
cooler side of a window unit is a complex interaction of all three basic heat transfer
mechanisms- conduction, convection, and long-wave radiation. A window
assembly’s capacity to resist this heat transfer is referred to as its insulating value
[16]. Heat loss of a building is directly affected by increasing the U-value of building

envelope components, especially windows.

Windows and facades are at the cutting edge of new technologies in buildings. With
their importance to both the building appearance and interior environment, windows
and facades are likely to play a central role in defining future architectural design.
Even the best windows used routinely today still impose energy and environmental
impacts of buildings. Emerging and future technologies could reduce energy impacts
to “zero” and ultimately provide energy benefits to buildings in the form of daylight

and passive solar gains [16].

Shading Devices: Especially in the case of direct solar gain to occupied spaces, it
may be necessary, to keep out the sun on occasions [1]. The most efficient way of
protecting a building is to shade its windows and other apertures from unwanted
direct sunlight. In designing a shading system, the aim should be to minimize the
unwanted solar gains but not to darken living space and force to occupants to use

artificial lighting [17].

Using active systems in buildings correctly and efficiently has also an effect on

energy savings.

In this study, increasing insulation thickness, window renovation and shading

devices renovation strategies are used and comparison made with these renovations

strategies and base case. Besides these renovation strategies other strategies like

trombe wall, double facade, and photovoltaic panels can also be used.
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5. EVALUATING THE ENERGY CONSUMPTION IN DIFFERENT
CLIMATE REGIONS BY MAKING SOME RENOVATION
STRATEGIES

5.1. Climate Zones in Turkey

According to a research that is made for to classify climate regions in Turkey
through the climatic datas which are taken from the 35 different center, Turkey has
been separated 7 different climate regions by Umran Emin Célasan. In the following
studies made by Liitfi Zeren, it is assumed that there are five climate zones in
Turkey. These are mild-humid climate zone, hot-humid climate zone, hot-dry climate

zone, mild-dry climate zone and cold climate zone [18].

5.1.1. Mild-Humid Climate Zone (istanbul)

This climate is effective in Marmara region and Black Sea region. Istanbul is the

characteristic city for this climate zone.

Evaluations are made according to the climate data between the time zone 1998
January- 2008 December for Istanbul by using the “climate robot” application in
internet. According to this evaluations maximum average temperature is 18.8 °C,
minimum average temperature is 12.2 °C, average of daily sunny hours is 6.3 hours

prevailing wind direction is north and northeast [19].
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Figure 5.1: Data of annually max/min temperature and relative humidity
(Istanbul)[19]
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5.1.2. Cold Climate Zone (Erzurum)

This climate zone is effective in East Anatolia region. Erzurum is the characteristic

city for this climate zone.

Evaluations are made according to the climate data between the time zone 1998
January- 2008 December for Erzurum by using the “climate robot” application in
internet. According to these evaluations, maximum average temperature is 12.6 °C,
minimum average temperature is -2.1°C, average of daily sunny hours is 6.6 hours

and prevailing wind direction is east and west [19].
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Figure 5.2: Data of annually max/min temperature, relative humidity and sunny
hours in (Erzurum) [19]

5.1.3. Mild-Dry Climate Zone (Ankara)

This climate region is effective in Centre Anatolia region. Ankara is the

characteristic city for this climate zone.

Evaluations are made according to the climate data between the time zone 1998
January- 2008 December for Ankara by using the “climate robot” application in
internet. According to these evaluations, maximum average temperature is 17.4 °C,
minimum average temperature is 4.0 °C, average of daily sunny hours is 7.0 hours

and prevailing wind direction is north and northeast [19].
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Figure 5.3: Data of annually max/min temperature, relative humidity and sunny
hours in (Ankara) [19]

5.1.4. Hot-Humid Climate Zone (Antalya)

This climate zone is effective in Aegean region and Mediterranean Sea region.

Antalya is the characteristic city for this zone.

Evaluations are made according to the climate data between the time zone 1998
January- 2008 December for Antalya by using the “climate robot” application in
internet. According to these evaluations, maximum average temperature is 25.0 °C,
minimum average temperature is 14.3°C, and prevailing wind direction is north and

north-west [15].
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Figure 5.4: Data of annually max/min temperature, relative humidity and sunny
hours in (Antalya) [19]
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5.1.5. Hot-Dry Climate Zone (Diyarbakir)

This climate zone is effective in South East Anatolia region. Diyarbakir is the

characteristic city for this climate zone.

Evaluations are made according to the climate data between the time zone 1998
January- 2008 December for Diyarbakir by using the “climate robot” application in
internet. According to these evaluations, maximum average temperature is 23.0 °C,
minimum average temperature is 8.7 “C, average of daily sunny hours is 7.7 hours

and prevailing wind direction is north-west and north [19].
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Figure 5.5: Data of annually max/min temperature, relative humidity and sunny
hours in (Diyarbakir) [19]

5.2. Definition of Type Primary School Building

In Turkey there are some primary school building designs which are constructed in
all climate regions. These projects are called “type” school designs and some details
like insulation thickness can change according to the climate regions. One of these
type primary school projects whose all drawings have been taken from Turkish
Republic the Ministry of Public Work and Settlement has been used for calculations
in this study. Type primary school project numbered 10025 R-720 is constructed in
all different climate zones in Turkey. This project is occurred kinder garden and
primary school, which are adjacent to each other. Primary school part is five floored
with basement; kinder garden part is 3 floored with basement. Form of building is
rectangle and the classrooms are oriented to the south and north sides. Plan, section

and elevation are shown in following figures.
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Figure 5.8: South elevation of type primary school building (10025 R-720)
5.3. Definition of Simulation (Boundary Conditions)

Thermplan-TRANSIT is used in these simulations. Thermplan-TRANSIT is a
multizone building simulation program for calculating the heating and cooling
energy demand as well as the zone air temperatures. In addition to the necessity of
inputs for building geometry and wall constructions, the environmental conditions

(outside temperature and solar radiation) must be given as hourly values.

Firstly building is devided into six zones. Zone 5 and Zone 6 are representing the
roof of primary school and kinder garden parts and in these zones it is assumed that
heating and cooling system are not working. Zone 1, Zone 3, Zone 4 and Zone 5
(roof) are the zones of primary school part. Zone 2 and Zone 6 (roof) are the zones of
kinder garden part. Zones, volumes and areas are seen in the following figure and

tables.
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In Figure 5.9 zones of primary school are seen. Zone 1, Zone 3 and Zone 4 is

primary school part. Zone 2 is kinder garden part. In Table 5.1 volumes and areas of

zones of primary school building are seen.

Figure 5.9: Zones of primary school

Table 5.1: Volumes and areas of zones of primary school

Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Zone 6

Volume (m3) 3930

Exterior Wal
Area (m2)
Window Are
(m2)

Interior Wall
Area (m2)

South
1 380
a 176
2971

Adjacent Wall 994

Area (m2)
Total Area
(m2)

4521

West North Corridor Roof 1 Roof 2
1755 3154 4848 361 127
274 308 636 1064 547

56 137 31 - -

1585 2349 2808 - -

382 728 1690 865 254

2297 3522 5165 1929 802

All of the components of wall, window and adjacent walls of different zones are

same. Materials and features are seen in the following tables. Physical properties of

windows are seen in Table 5.2.

Table 5.2: Physical proporties of windows

Windows
Heat
Area(m2) Transfer Transmisivity Reflectivity Absorbity

Coefficient % % %
(w/m2K)

South 206.16

East 12.84 2.83 0.590 0.202 0.116

North  169.48

West  12.84
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The construction system of building is a concrete system. Physical properties of
exterior walls are seen in Table 5.3, physical properties of adjacent walls are seen in

Table 5.4 and physical properties of ceiling are seen in Table 5.5.

Table 5.3: Physical proporties of exterior walls

Exterior Wall

Thickness Conductivity Density

(m) (W/mK) (kg/m3)

Interior 0.03 1.2 1800
Plaster
Brick 0.29 0.5 1200
Wall
Outside 0.02 1.2 1800
Plaster
Insulation 0.05 0.04 25
Plaster 0.004 1.2 1800
Covering 0.002 0.55 1600
U-value 0.571 W/m2K

Table 5.4: Physical proporties of adjacent walls

Adjacent Walls

Thickness Conductivity Density

(m) (W/mK) (kg/m3)

Plaster 0.03 1.2 1800
Brick 0.19 0.27 550
Wall
Plaster 0.03 1.2 1800
U -value 0.704

Table 5.5: Physical proporties of ceiling

Floor
Thickness Conductivity Density
(m) (W/mK) (kg/m3)
Plaster 0.06 1.2 1800
Concrete 0.15 2.1 2400
Slab
Insulation 0.1 0.045 300
U -value 0.335

U- Values of building are determined according to the thermal insulation regulation
for degree-day zones in Turkey as it is seen in the Table 5.6. The basement floor of
building is defined with a boundary condition that is accepted 20 °C during the
occupied period and 15 °C during the unoccupied period in winter period. In summer
period, it is assumed 26 °C during occupied period and 30°C during unoccupied
period. Heating and cooling demand are calculated except basement floor. All

window types are assumed that they have a U-value 2.83 W/m2K for base case.
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Renovation strategies are recommended for opaque and transparent elements of

exterior walls.

Table 5.6: U-values of building envelope according to the degree-day zones

Degree-Day U_exterior U ceiling U_ground U_window
Zones (W/m2K) (W/m2K)

(W/m2K) (W/m2K)
1.DDZ 0.80 0.50 0.80 2.80
2.DDZ 0.60 0.40 0.60 2.60
3.DDZ 0.50 0.30 0.45 2.60
4. DDZ 0.40 0.25 0.40 2.40

Occupancy Time: Occupancy time for primary schools in Turkey is between
September and June. Fall semester begins 15 September, finishes 31 January. Spring
semester begins 15 February and finishes 15 June. First two weeks of February are
midyear holiday. Summer holiday begins from 15 June and ends 15 September. In
this study occupation time is taken 1-31 January, which is the coldest time for winter

period, and 15 May — 15 June which is the hottest time period for summer period.

Internal Gains: It is accepted that internal gains occur during the occupancy hours.
For non-occupied hours, gain from persons and computers are zero. It is assumed
that the internal gains are chosen from the Thermplan-TRANSIT list as 120W/person
described as “very light work”. For the computers it is also chosen from the
Thermplan-TRANSIT as 230W PC with color monitor, per monitor. It is also
assumed that all these internal gains are transferred by %50 convection and % 50

radiation.

Ventilation: The fresh air is supplied with natural ventilation. After every lesson, in
break times fresh air is supplied by natural ventilation in classrooms. For Ankara,
Antalya and Diyarbakir, temperatures of zones are higher in winter period, especially
n Zone 1, for this reason mechanical ventilation is used, in real conditions building

has not mechanical ventilation. The air is supplied with an air change rate 0.95 1/h.
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Heating System. It is assumed that heating system is used in the period September —
May. Coldest month in this period is January. For this reason, simulations are made
in January. It is assumed that comfort temperature is 20 °C and it is working 5 days
in one week, from the hour 7.00 to 17.00. It is assumed that space temperature is 15

°C in the rest hours of day and holidays.

Cooling Systems: It is assumed that cooling system is working in May and June,
which are the hottest months in school period. 15 May- 15 June period is taken for
calculations. It is assumed that comfort temperature is 26 “C and it is working 5 days
of week, from the hour 7.00 until 17.00. It is assumed that space temperature is 30 °C

in the rest hours of day and holidays.

5.4. Renovation Strategies in Building Envelope of Primary School

There are five different climate conditions in Turkey. Primary school building
example, which is investigated in this study, is built every climate conditions in
Turkey. Insulation thickness and properties, window type and shading devices are the
most important issues in construction. In this study mild-humid climate (istanbul),
cold climate (Erzurum), mild-dry climate (Ankara), hot-humid climate (Antalya) and
hot-dry climate (Diyarbakir) conditions are studied. In Istanbul, heating and cooling
are investigated and total energy demand of base case compared with window
renovation and with shading devices strategy. In Erzurum, in cold climate, most
important issue is heating energy demand, for this reason, increasing insulation
thickness strategy and window renovation strategy are examined. After calculations,
base case situation is compared with renovation strategies. In Ankara hot-dry
climate, window renovation, increasing insulation thickness strategy and shading
devices are examined. After calculations base case situation is compared with
renovation strategies. In Antalya, in hot-humid climate, window renovation and
shading devices are examined and base case is compared with renovation strategies.
In Diyarbakir, in hot-dry climate, window renovation and shading devices are

examined and base case is compared with the renovation strategies.

5.4.1. Mild-Humid Climate Zone Renovations (Istanbul)

Mild-humid climate condition is effective in Istanbul. Heating and cooling energy

demand is investigated in this study. For winter period, results in January are taken
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and for summer period results for 15 May-15 June period are taken. Effects of
window renovation in heating demand and window renovation, shading devices and

combined strategy in cooling demand and annually energy demand are investigated.

5.4.1.1. Window Renovation

In existing project in all windows, window type, which has a U-value 2.83, is used.

Optical properties of window are seen in Figure 5.10.

Win Seuth (Primary school)
General Settings | Shading = OFF | Results |

i1 Window Specification ::

DOptical Properties

No. panes: |2

|W'in South [ Edi optical properties

Area: (frame + alazing] 17620 [rr?] Inc. angle o [t [oo [ar [a [s0r -
|2,14‘HI] +5 Transm. 0693 0692 0583 0G81 0866 06533 |
L Ref.[frant] 0126 0126 0126 0128 0.137 0161
Drientation: Slope: Feflback] |0126 0126 0126 0128 0137 0161
- ef. [bacl . . . . .
|South j|80 ﬂ Abs (1) outs. {07101 0102 0104 0107 0112 0118
v Different orientation to external element Abs.2) 0.020 0080 0081 0087 0095 0.057
Abs.[3) 0 0 1] 1] 0 0 -
[ i Glazing and Frame il < [ b
1202 : |solierglas,Gr.2 U =28/g=0755 = D: 1202
Glazing: Standard U-Value glazing: [ Artk] 2.83 o lzolierglas, 2.8
Glazing area: 2] 176.20 -
0.8
Frame:  U-alue frame: U Mo fmek] (1.0
area frame / window * 100% Fi[%] |0 o
Frame area: [mf] 0.00 o
02—+ =T - b
UICC 10 20 30 40 50 60 TO &0 0
Inside heat transfer coefficient hsi fafdmefk] (3.0 - Incident angile [']
Outside heat transfer coefficient: hze Pafimfk] |25.0 =T --R(f) —R{b)--A1 —AZ =A3

Hmin

Data have been changed. S5tart new simulation !

Figure 5.10: Window type for base case

In suggested application in all windows, window type, which has a U-value 1.24, is

used. Optical properties of window are seen in Figure 5.11.

—
General Settings | Shading = OFF | Results |

u g Ly Sy

! Window Specification :i

DOptical Properties

Mo, panes: |2

[~ Edit optical properties

|win South

Area; (frame + glazing) 176.20 [ne] I, angle o [1or Jeor |30 [a [s0r -

[214780 45 Transm, 0516 0515 0513 0508 0438 0473 |

_ Fefffront] 0237 0237 0237 0233 0242 0254

rinistion il Reffback) |0213 0213 0212 0213 0216 0230
el |Dacl . . .. 5 5

South ~| [30° =

[Sau =l = sbsi1)outs. [0177 0178 0179 0182 0185 0183

v Different orientation to external element bz (2) 0069 0070 0071 0073 0075 0.078
[ i o0 o0 o0 o -

i1 Glazing and Frame b « [ 3

12002 : Fikington,OPTITHERM Bes U=13/9=058 ~ D: 12002

Glazing: Standard - alue glazing: [ i) 1.24 Pikington OFTITHERM Besch.#2 4/16/4

Glazing area: [?] 176.20 -

Frame: U-Value frame:

Ut pwink] [1.0
Fi iz [0

[wé] 0.00

area frame / window * 1007%

o o o =

Frame area:

o o=
[X

=

Heat Transfer

. 0 10 20 30 40 S50 50 70 80 50
hsi [w//rfK] |3.0 Incident angle [

Inside heat transfer coefficient:

Outzside heat transfer cosfficient:

[ o2 ]

hee MW AwEE] |25.0 =Tm --R(f} — R(b

A1 — A2 =A3

Nata have heen channed. Start new simulation !

Figure 5.11: Window type for window renovation strategy
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5.4.1.2. Shading Devices

The requirements of solar control should be rephrased so as to have the sun strike,
the walls and allow the desirable heat energy into the building at all times when the
weather is cool; conversely, let us place the building proper in shade at all times
when it is hot. On this principle, a balanced solar heat control can be achieved. For
this, the first requirement is to clarify what constitutes “cool” and conversely, what
can be called “hot”. The yardstick to these relative measures is our senses, or rather

our physiological reactions [20].

In existing building, shading devices are not used. In suggestion application, shading
devices are adjustable and used only in cooling season. Occupancy hours are
Monday to Friday, from 12.00 -16.00 pm. In heating period, it is assumed that the
shading devices are not working. Shading devices does not transfer sun light. In
schools especially for classrooms, light is so important for comfort conditions, for
these reasons, shading factor is taken 0.2. not to obstacle sun light for classrooms.

Shading device properties and application are shown in Figure 5.12.

Win South (Primary school) =%
General Settings  Shading = ON | Results |

! Shading Devices s
External Shading Blind ~ Horizontal | Owerhang | Sidewings | 5 *llJun | Geo pos: Latiude: 25.01° Longitude: 41.07°

" Fixed value
™ Ambient dependent shading factor
* Timetable

" Shading factor from external file

Haour: Dray: week: Shading:
[1..24] [1..7] [1..53] [0..1]

13:01
58.8°

Incident angle: 76.2°

‘ Data have been changed. 5tart new simulation !

[ x J[oc

Figure 5.12: Properties of shading devices
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5.4.1.3. Winter Period (January) Calculations and Results

Temperatures of zones for base case and window renovation strategies are calculated
in this part. (Figure 5.13, Figure 5.14) Heating energy demand for each zones and
total energy demand for building are calculated. In this calculation it is assumed that
comfort temperature is 20°C and heating system is working 5 days in one week, from
the hour 7.00 to 17.00. It is assumed that space temperature is 15°C in the rest hours
of day and holidays. It is assumed that natural ventilation is used and every break

time classrooms are ventilated by opening windows.
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Figure 5.13: Temperatures of zones for base case in January (Istanbul)
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Figure 5.14: Temperatures of zones with window renovation in January (Istanbul)
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Table 5.7: Average temperatures of zones for base case and window renovation
strategy in January (Istanbul)

Case Type January T amb Z1 Z2 73 Z4 z5 76

Base Case Average 21.08 18.12 18.67 17.90 9.21 8.65
C) 5.69

Window Average 22.22 18.29 19.65 18.03 9.29 8.67

Renovation C)

Zone temperatures for base case and window renovation strategy are seen in Table
5.7. Temperatures of Zonel (South) is maximum and temperatures for zone 4 is
minimum as we compared the heated zones. In zone 1 internal gains are more than
the others zones that are why the temperatures are the highest besides being south
side. Although zone 3 is located in north side, temperatures are high which has also
high internal gains. When it is compared, the temperatures of zones for base case and
the situation with window renovation, temperatures of zones for window renovation
situation is higher than base case zone temperatures. U-value of windows for window

renovation situation is lower than base case, which reduces the heat loss of building.
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Figure 5.15: Temperatures of zonel for base case and window renovation strategy in
January (Istanbul)

After temperature calculations, it can be seen that temperatures of zone 1 with
window renovation are mostly higher than base case. Temperature difference in most
parts of calculations is nearly 2 °C (Figure 5.15.) However, avarage temperature

differences are not so much as it is seen in Table 5.7.
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Table 5.8: Energy demand of zones for base case and window renovation strategy in

January (istanbul)
Thermal Case Type Heating Heating
Zones Energy Load
(kWh) (kWh/m2)

Zone 1 Base case 296.6 0.06
Window 277.9 0.06
renovation

Zone 2 Base case 2989.7 1.30
Window 2648.4 1.15
renovation

Zone 3 Base case 967.4 0.27
Window 352.7 0.10
renovation

Zone 4 Base case 10384.8 2.01
Window 9755.5 1.88
renovation

Heating energy results for each zone are seen in Table 5.8. Maximum heating load is
for zone 4, which is the zone that is occurred circulation areas, and it is assumed that
it has no internal gain. Zone 1 needs minimum heating energy. It has maximum
internal gain and south oriented. Maximum energy savings is in Zone 3, which is
oriented at north side. Using low U-values for windows reduces heat loss. Reducing
U-values of windows, has much more positive effect in Zone 3 whose energy

demand is % 63 less than the base case.
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Figure 5.16: Hourly heating power for base case and window renovation situation
in January (Istanbul)
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Table 5.9: Total heating demand for base case and window renovation strategy in

January (istanbul)
Base Case With Window
Renovation
Heating Energy 14638.5 13034.5
(kWh)
Heating Load 0.94 0.84
(kWh/m2)

In winter period, in January heating demand for base case and window renovation
situation are seen in Table 5.9 and hourly heating demand is seen in Figure 5.16.
Energy savings of building for total heating energy for assumed heating period is
1604 kWh, which can be seeen in Figure 5.17. Energy savings for heating load for
assumed heating period is 0.10 kWh / m2.
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Heating energy (kWh)

4,000

2,000

0
Base case Window renovation
Case type

Figure 5.17: Energy savings of building for total heating energy (Istanbul)

5.4.1.4. Summer Period (15 May- 15 June) Calculations and Results

Temperatures of zones for base case, window renovation strategy; shading devices
strategy and combined strategy (window renovation + shading devices) are
calculated. (Figure 5.18, Figure 5.19, Figure 5.20, Figure 5.21) Cooling energy
demand for each zones and total energy demand for building are calculated. In this
calculation, it is assumed that comfort temperature is 26°C and cooling system is
working 5 days in one week, from the hour 7.00 to 17.00. It is assumed that space

temperature is 30°C in the rest hours of day and holidays. In real conditions building
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has not a mechanical ventilation system. It is assumed that natural ventilation is used

and every break time classrooms are ventilated by opening windows.
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Figure 5.18: Temperatures of zones for base case in 15 May- 15 June (istanbul)
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Figure 5.19: Temperatures of zones with window renovation in 15 May- 15 June

(Istanbul)

In Zone 5 and Zone 6 cooling system is not working. Temperatures of these two

zones are higher as it is seen in figures.
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Shading Devices
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Figure 5.20: Temperatures of zones with shading devices in 15 May- 15 June

(istanbul)
40.00

—Te[C]
3500 yy — Tzonel
S 30.00 1 —[Tognez

g A | el
‘§ 25.00 A S N, 'I;zoneS
%20.00 A ¥ U AN I\ 1 N fl A V —%ic:c}ne4
" o UMW V\I\!\I\IVV"\I\I\ LA AATTIRARRA NS
VY AR AR L L

OO LML S SSASEUSUSUUIUDUHSSMSSSSSSSSMUSMSSSSSSSSSSISSSSSSSSSSSSSS—— [°cl

Time (h)

Figure 5.21: Temperatures of zones with combined strategy in 15 May- 15 June
(Istanbul)

Average zone temperatures for base case, window renovation strategy shading
devices strategy and combined strategy are seen in Table 5.10. Using low U-value
window type and using shading devices do not cause so high differences at average
temperatures but it has a positive effect reducing temperatures in cooled zones
according to the base case. These renovations are more effective in total energy

demand of building.

38



Table 5.10: Average temperatures of zones for each case in 15 May-15 June

(Istanbul)
Case Type 15 May- T Zonel  Zone2  Zone3  Zone4 ZoneS  Zoneb
15 June ambient
Base Case Average 25.75 25.61 2445 22.78 27.96 28.71
O
Window Average 25.82 25.55 2451 22.73 27.96 28.71
Renovation O
Shading Average 18.45 25.56 25.39 24.22 22.68 27.94 28.69
Devices )
Combined 25.66 25.32 24.30 22.64 27.94 28.69
Strategy
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Figure 5.22: Hourly cooling energy demand in 15 May-15 June (Istanbul)

In Figure 5.22 hourly cooling energy demand is seen. Energy saving of combined

strategy is more effective then the other strategies. Total energy demand and cooling

load for cooling season are seen in Table 5.11. With shading devices strategy and

combined strategy energy saving is % 60.

Table 5.11: Total energy demand of building for each case in 15 May- 15 June

(istanbul)
Case Type Cooling Energy Cooling
(kWh) Load
(kWh/m2)
Base Case 781.2 0.05
Window Renovation 700.6 0.04
Shading Devices 320.7 0.02
Combined Strategy 312.4 0.02
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Table 5.12: Annually total energy demand and total energy load of building

(Istanbul)

Case Type  Heating  Heating Cooling Cooling Total Total

Energy Load Energy  Load Energy Load

(kWh) (kWh/m2) (kWh)  (kWh/m2) (kWh) (kWh/m2)
Base Case 14638.5  0.94 781.2 0.05 15419.7  0.99

(100) (100) (100)

Window 130345  0.84 700.6 0.04 137351  0.88
Renovation (89) (80) (88)
Shading - - 320.7 0.02 320.7  0.02
Devices (40) (40) (SP)
Combined - - 312.4 0.02 3124 0.02 (SP)
Strategy (40) (40)

Heating and cooling load for each case for heating and cooling seasons are seen in
Table 5.12. In heating season energy demand is reduced with window renovation
strategy. For window renovation strategy energy savings for heating load is %11
according to the base case. In cooling season with window renovation energy saving
for cooling season is %20, with shading devices energy saving is %60 according to
the base case. In annually calculation for heating energy saving is %12 for window
renovation. The energy saving with shading devices for annually calculations is
equal only for the summer period because shading devices are not used in winter
season period. When the shading devices are used only in cooling season (summer
period) energy saving is %60 according to base case. With combined strategy, it has
the same result %60 energy savings, like only using shading devices strategy.
Nevertheless, window renovation is necessary for the heating season. So only using
shading devices can have positive effect for cooling season but window renovation

strategy is necessary for heating season and for the total energy savings.

5.4.2. Cold Climate (Erzurum)

Cold climate is effective in Erzurum. For Erzurum, only heating demand is
investigated. Because of being in cold climate and even in summer time it needs
heating demand; cooling demand in this city can be ignored. Increasing insulation
thickness, window renovation strategy and using them together are investigated in

this study for heating system.
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5.4.2.1. Increasing Insulation Thickness

In existing project, insulation in exterior wall is 5 cm. In suggested project this
insulation in exterior wall is 3 cm thicker than the existing one, it is assumed that the

insulation thickness is 8 cm.

5.4.2.2. Window renovation

In existing project in all windows, window type, which has a U-value 2.83, is used.

Optical properties of window are seen in Figure 5.10 and Figure 5.11.

5.4.2.3. Winter Period (January) Calculations and Results

Temperatures of zones for base case, window renovation strategies and increasing
insulation thickness and combined strategy are calculated in this part. (Figure 5.23,
Figure 5.24, Figure 5.25 and Figure 5.26) Heating energy demand for each zones and
total energy demand for building are calculated. In this calculation, it is assumed that
comfort temperature is 20°C and heating system is working 5 days in one week, from
the hour 7.00 to 17.00 It is assumed that space temperature is 15°C in the rest hours
of day and holidays. It is assumed that natural ventilation is used and every break

time classrooms are ventilated by opening windows.
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Figure 5.23: Temperatures of zones for base case in January (Erzurum)
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Window Renovation
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Figure 5.24: Temperatures of zones for window renovation in January (Erzurum)
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Figure 5.25: Temperatures of zones for increasing insulation thickness strategy in
January (Erzurum)

After all these calculations for each strategy, temperatures of combined strategy are
calculated. It is assumed that in combined strategy window renovation strategy and

increasing insulation strategy used together.
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Combined Strategy
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Figure 5.26: Temperatures of zones for combined strategy in January (Erzurum)
After temperature calculations average temperature of all zones for all case types are
seen in Table 5.13.

Table 5.13: Average temperatures of zones for base case, window renovation,

increasing insulation thickness strategy and combined strategy in
January (Erzurum)

Case Type Heating T Zonel  Zone2  Zone3  Zone4 Zone5  Zone6
Season ambient

19.06 17.13 17.14 17.02 -3.65 -4.44
Base Case
Window 20.81 17.32 17.62 17.11 -3.59 -4.42
Renovation ?grage -7.82
Increasing 19.36 17.22 17.20 17.10 -3.61 -4.26
Insulation
Thickness
Combined 21.38 17.46 17.76 17.21 -3.54 -4.25
Strategy

Average temperatures of heated zones with window renovation strategy, increasing
insulation thickness strategy and combined strategy are higher then base case as it is
seen in Table 5.13. With combines strategy in Zone 1 average temperature is nearly
2°C higher then base case. In other zones, maximum average temperatures also can
be got by combined strategy. Temperature calculations for Zone 1 for all case type
are seen in Figure 5.27. According to these calculations, with combined strategy
average temperatures of Zone 1 are 2- 3°C higher then average temperature of base

case. (Figure 5.27)
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Figure 5.27: Temperature of zone 1 for base case, window renovation, increasing
insulation thickness renovation and combined strategy (Erzurum)

Table 5.14: Heating demand of zones for base case, with window renovation
increasing insulation thickness strategy and combined strategy in
January (Erzurum)

Thermal Case Type Heating Heating Load
Zones Energy (kWh/m2)
(kWh)

Base Case 1602.9 0.35

Zone 1 Window Renovation 620.2 0.13
Increasing Insulation Thickness 1303.5 0.28
Combined Strategy (WR+IIT) 566.7 0.12
Base Case 6459.0 2.81

Zone 2 Window Renovation 5472.2 2.38
Increasing Insulation Thickness 5976.3 2.60
Combined Strategy(WR+IIT) 4997.9 2.17
Base Case 5989.0 1.69
Window Renovation 3099.8 0.87

Zone 3 Increasing Insulation Thickness 54553 1.54
Combined Strategy(WR+IIT) 2620.5 0.74
Base Case 18739.2 3.62
Window Renovation 17481.1 3.38

Zone 4 Increasing Insulation Thickness 17620.0 3.41
Combined Strategy (WR+IIT) 16307.1 3.15

With renovation strategies, heating energy demand and heating load are reduced.
Every renovation strategy has a positive effect when they are only used, but with
combined strategy energy savings are higher. (Table 5.14) Total heating load saving
is %26 when combined strategy is used. (Table 5.15)
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Table 5.15: Total heating energy and heating load in January (Erzurum)

Case Types Total Heating Total Heating
Energy Load
(kWh) (kWh/m2)
Base Case 32790.2 2.11 (100)
Window Renovation 26673.3 1.71  (81)
Increasing Insulation 30355.2 1.95 (92)
Thickness
Combined Strategy 244922 1.57 (74)
(WRHIIT)

In Figure 5.28 hourly total heating powers are seen, Figure 5.29 represents total
heating demand. As it is seen in figure hourly heating power with window renovation
strategy, with increasing insulation strategy and with combined strategy are less then
base case. When all strategies compared with combined strategy, heating power has

maximum reduction according to the base case.
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Figure 5.28: Hourly heating power for base case , window renovation strategy,

increasing insulation thickness strategy and combined strategy
(Erzurum)

Figure 5.29 represents total heating demand. Energy savings are %19 with window
renovation, %8 with increasing insulation thickness renovation and %26 with the

combined strategy.(Table 5.15)
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Figure 5.29: Total heating energy in January (Erzurum)

5.4.3. Mild-Dry Climate (Ankara)

Characteristic city for mild-dry climate is Ankara. In Ankara both heating and
cooling demand are investigated. Increasing insulation thickness, window

renovation; shading devices and using them together are investigated in this study.

5.4.3.1. Window Renovation

In existing project in all windows, window type which has an U-value 2.83 is used.

Optical properties of window are seen in Figure 5.10, Figure 5.11.

5.4.3.2. Increasing Insulation Thickness

In existing project insulation in exterior wall is 5 cm. In suggested project this
insulation in exterior wall is 3 cm thicker than the existing one, it is assumed that the

insulation thickness is 8 cm.
5.4.3.3. Shading Devices

In existing building shading devices are not used. In suggested application, shading
devices are used with shading factor 0.2. Occupancy hours are Monday to Friday,
from 12.00 -16.00 pm. In heating period, it is assumed that the shading devices are
not working. Shading devices does not transfer sun light. In school especially for
classroom light is so important for comfort conditions for these reasons, shading

factor has been taken 0.2. Shading device properties can be seen in Figure 5.12
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5.4.3.4. Winter Period (January) Calculations and Results

In Figure 5.30 temperatures of zones for base case, in Figure 5.31 temperatures for
window renovation, in Figure 5.32 temperatures of zones for increasing insulation
thickness strategy, in Figure 5.33 temperatures of zones for combined strategy are
seen. Temperatures are calculated for every hour for January. In winter time
temperatures of zones especially zone 1 are high during the afternoon hours. For
example in classrooms, temperatures are nearly 30°C or higher. In fact in real
conditions building has not a mechanical ventilation system, but in this calculation it
is assumed that there is mechanical ventilation system in building for all case types
including base case. It is effective especially in zone 1 for to get comfortable
conditions. The air is supplied with an air change rate 0.95 1/h. Operating hours for
ventilation system is from 12.00 to 15.00 during the school days. Supply air

temperature is adjusted as outside temperature.
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Figure 5.30: Temperatures of zones for base case in January (Ankara)
As it is seen in figures with renovation strategies temperatures of zones are higher
according to the base case. With combined strategy which means using window
renovation and increasing insulation thickness together, increase of these

temperatures are maximum.
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Figure 5.31: Temperatures of zones for window renovation in January (Ankara)
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Figure 5.32: Temperatures of zones for increasing insulation thickness strategy in
January (Ankara)
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Combined Strategy
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Figure 5.33: Temperatures of zones for combined strategy in January (Ankara)

Temperatures with combined strategy are the highest for zone 1 as it is seen in Figure
5.34. In some period of the calculations temperatures of combined strategy are 2- 4

°C higher then the temperatures of base case.
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Figure 5.34: Temperatures of Zone 1 for base case, window renovation, increasing
insulation thickness and combined strategy in January (Ankara)

Average temperature of all zones for all case types are seen in Table 5.16. In zone 1

with combined strategy average temperature is 1.3 °C higher then average
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temperatures for base case. Hourly heating power of building in January is seen in

Figure 5.35.

Table 5.16: Average temperatures of zones for window renovation strategy
increasing insulation thickness strategy and combined strategy in

January (Ankara)
Case Type Heating T ambient  Zonel Zone2 Zone3 Zone4 Zone5 Zone6
Season
Base Case Average 19.55 16.33 16.38 15.99 3.10 2.86
O
Window Average 20.39 16.45 17.07 16.11 3.16 2.87
Renovation O
Increasing Average 010 19.94 16.47 16.56 16.14 259 2.51
Insulation O
Thickness
Combined Average 20.91 16.60 17.47 16.28 2.66 2.53
Strategy §®)

With renovation strategies, heating energy demand and heating load are reduced.

With combined strategy energy saving is % 30 in zone 1, %25 in zone 2, % 79 in

zone 3 and %15 in zone 4.(Table 5.17)

Table 5.17: Heating energy demand and heating energy load for window renovation
strategy, increasing insulation thickness strategy and combined strategy

in January (Ankara)
Thermal Case Type Heating Heating
Zones Energy Load
(kWh) (kWh/m2)
Base Case 461.2 0.10
Zone 1 Window Renovation 357.2 0.07
Increasing Insulation 422.1 0.09
Thickness
Combined Strategy 350.1 0.07
Base Case 4218.3 1.83
Zone 2 Window Renovation 3675.4 1.59
Increasing Insulation 3720.5 1.61
Thickness
Combined Strategy 3163.4 1.37
Base Case 1845.7 0.52
Zone 3 Window Renovation 616.6 0.17
Increasing Insulation 1404.6 0.39
Thickness
Combined Strategy 421.8 0.11
Base Case 13724.5 2.65
Zone 4 Window Renovation 12825.3 2.48
Increasing Insulation 12672.7 2.45
Thickness
Combined Strategy 11730.4 2.27
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Figure 5.35: Hourly heating energy power for base case, window renovation strategy
and increasing insulation thickness strategy in January (Ankara)

Table 5.18: Total heating energy demand and heating energy load in January

(Ankara)
Case Types Total Total Heating
Heating Load
Energy (kWh/m2)
(kWh)
Base Case 20249.8 1.30
Window Renovation 17474.5 1.12
Increasing Insulation 18219.9 1.17
Thickness
Combined Strategy 15665.7 1.01
(WRHIIT)
24,000
20,000
s
< 16,000
§ 12,000 |
g 8,000
I
4,000 -
0
Base case Window Renovation Increasing Insulation Window
Thickness Renovation+Increasing
Insulation Thickness
Case type

Figure 5.36: Total heating energy demand for each case in January (Ankara)
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Total heating energy and heating load are reduced with renovation strategies. With
combined strategy, total heating energy demand has maximum reduction. (Figure

5.36) Energy savings is %23 when combined strategy is used. (Table 5.18)
5.4.3.5. Summer Period (15 May- 15 June) Calculations and Results

Temperatures of zones for base case, window renovation strategy, increasing
insulation thickness strategy, shading devices strategy and combined strategy are
calculated. (Figure 5.37, Figure 5.38, Figure 5.39, Figure 5.40, Figure 5.41) Cooling
energy demand for each zones and total energy demand for building are calculated.
Temperatures are taken every hour in 15 May-15 June period. In this calculation, it is
assumed that comfort temperature is 26°C and cooling system is working 5 days in
one week, from the hour 7.00 to 17.00. It is assumed that space temperature is 30°C
in the rest hours of day and holidays. It is assumed that natural ventilation is used and

every break time classrooms are ventilated by opening windows.
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Figure 5.37: Temperature of zones for base case in 15 May-15 June (Ankara)

As it is seen in figures using shading devices and using combined strategy has more
reduction in temperatures in zones during 15 May-15 June period according to the

base case.
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Figure 5.38: Temperatures of zones for window renovation in 15 May-15 June

(Ankara)

Cooling system is effective in Zone 1, Zone 2, Zone 3 and Zone 4. Zone 5 and Zone

6 represent the roof parts and cooling system is not active in this parts. Temperatures

of these zones reach above 40 °C as it is seen in the figures.

Increasing Insulation Thickness

45.00

40.00

35.00

30.00

25.00

Temperature ('C)

20.00

15.00

10.00

5.00

"

|

T

L0

il

T

;t.]ﬂ

—Te [°C]
——Tzonel

—— Tzone2
[°C]
Tzone3
[°C]

— Tzone4
[°C]

——Tzone5
[°C]

—— Tzone6
[°C]

—

Y V \
ugHHLH{;HngmwHBHHLHAHumwHgHumg‘HmHwuu‘wH&Hu‘LHAHng‘g‘ng‘gmw‘g‘Hg"‘gung‘gmgmwgmgmgw
© 909000 QQLQ9 Q0000000000000 0009009QQ9
D OMN~NO0VOOAdNMTLL O~ VDO dcdNMIETON~NO0OOOOO dNMS
A A A NN NN ANNNNNNOMM R B B B

Time (h)

Figure 5.39: Temperatures of zones for increasing insulation thickness strategy in 15

May-15 June (Ankara)
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Figure 5.4

1: Temperatures of zones for combined strategy in 15 May-15 June
(Ankara)

There is not so high differences average temperatures of zones. (Table 5.19)
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Table 5.19: Average temperatures of zones for window renovation strategy,
increasing insulation thickness strategy, shading devices strategy and
combined strategy 15 May-15 June (Ankara)

Case Type Cooling T Zonel  Zone2  Zone3  Zone4  ZoneS - Zone6
Season  ambient

Base Case 25.19 24.87 23.90 22.52 27.65 28.37

Window 25.31 24.84 23.95 22.22 27.63 28.37

Renovation

Increasing 25.30 25.03 24.00 22.59 27.61 28.36

Insulation Average 164

Thickness O

Shading 24.88 24.64 23.68 22.39 27.63 28.36

Devices

Combined 25.17 24.75 23.92 22.44 27.61 28.35

Strategy

With renovation strategies cooling energy demand and cooling load are reduced.
With combined strategy energy saving is %40 in zone 1, % 50 in zones 2, and % 60
in zone 3. (Table 5.20) For zone 4 there is no cooling demand. Hourly cooling
energy power can be seen in Figure 5.42. Total energy savings for cooling period is

%45 with combined strategy.(Figure 5.43)

Energy savings of zones can be seen in Table 5.21. Using combined strategy for
cooling system has more energy savings as it is seen in Figure 5.43
Table 5.20: Cooling energy demand and cooling load for base case, window

renovation strategy, increasing insulation thickness and combined
strategy in 15 May-15 June (Ankara)

Thermal  Case Type Cooling Energy Cooling
Zones (kWh) Load
(kWh/m2)
Base Case 942.8 0.20
Zone 1 Window Renovation 723.7 0.16
Increasing Insulation Thickness 992.0 0.21
Shading Devices 618.9 0.13
Combined Strategy (WR+IIT+SD) 563.8 0.12
Base Case 284.1 0.12
Zone 2 Window Renovation 177.3 0.07
Increasing Insulation Thickness 297.2 0.12
Shading Devices 201.2 0.08
Combined Strategy(WR-+IIT+SD) 144.0 0.06
Base Case 207.1 0.05
Window Renovation 107.7 0.03
Zone 3 Increasing Insulation Thickness 2123 0.06
Shading Devices 133.6 0.03
Combined Strategy(WR+IIT+SD) 76.3 0.02
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Figure 5.42: Hourly cooling power for each cases (Ankara)

Table 5.21: Total cooling energy demand and total cooling load of building (Ankara)

Case Types Total Total Cooling
Cooling Load
Energy (kWh/m2)
(kWh)
Base Case 1434.1 0.09
Window Renovation 1008.8 0.06
Increasing Insulation 1501.4 0.09
Thickness
Shading Devices 953.6 0.06
Combined Strategy 784.0 0.05
(WRHIIT+SD)
1,600
< 1200
g 800
[a)
:%) 400
0
Base case Increasing Insulation Window
Thickness Renovation+lpcreasing
Thicklr?;::-l:grr:ading
Devices
Case Types

Figure 5.43: Total cooling energy demand of each case in 15 May- 15 June (Ankara)
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Table 5.22: Annually total energy demand and total energy load (Ankara)

Case Type Heating Heating Cooling  Cooling Total Total
Energy  Load Energy Load Energy Load
(kWh) (kWh/m2) (kWh) (kWh/m2) (kWh) (kWh/m2)
Base Case 20249.8  1.30 1434.1 0.09 21683.9 1.39
(100) (100) (100)
With 174745  1.12 1008.8 0.06 18483.3 1.19
Window (86) (66) (85)
Renovation
Increasing 18219.9 1.17 1501.4 0.09 19721.3 1.27
Insulation (90) (100) 91
Thickness
Shading - - 953.6 0.06 953.6 0.06
Devices (66) (SP) (66) (SP)
Combined 15665.7 1.01 784.0 0.05 16449.7 1.06
Strategy (77) (55) (76)

Heating and cooling load for each case for heating and cooling seasons are seen in
Table 5.22. In heating season, energy demand is reduced with window renovation
and insulation thickness renovation. With window renovation situation energy saving
is %14, with increasing insulation thickness renovation energy savings is % 10 and
with combined strategy ( window renovation and increasing insulation thickness)
energy savings are %33 according to the base case. In cooling season with window
renovation energy saving is % 34, with shading devices energy saving is %34, with
combined strategy (window renovation, increasing insulation thickness and shading
devices) energy saving is % 45 according to the base case. In cooling season,
increasing insulation thickness renovation has a negative effect, which increases the
cooling demand nearly 67.3 kWh. Because increasing insulation thickness obstructs
the night cooling. But this negative effect is not seen in cooling load. In annually
calculation for heating energy saving is %15 for window renovation, %9 for
increasing insulation thickness and %24 for combined strategy. Combined strategy
for summer period means window renovation, increasing insulation thickness and
shading devices. Shading devices are not used in winter time. For this reason the
energy saving with shading devices for annually calculations is equal only for the
summer period. When the shading devices are used only in cooling season energy
saving is % 34 according to base case. When combined strategy (window renovation
and shading devices) is used in cooling season (summer period) energy saving is %

45. Total cooling energy demand of building can be seen in Figure 5.44.
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5.4.4. Hot-Humid Climate (Antalya)

Characteristic city for hot-humid climate is Antalya. For Antalya both heating and
cooling demand are investigated. Using window renovation for heating system and
using window renovation, shading devices and using them together in cooling season

are investigated.

5.4.4.1. Window Renovation

In existing project in all windows, window type which has an U-value 2.83 is used.
For window renovation window type which has an U-value 1.24 is used. Optical

properties of window are seen in Figure 5.10 and Figure 5.11.

5.4.4.2. Shading Devices

In existing building shading devices are not used. In suggestion application, shading
devices are used with shading factor 0.2. Occupancy hours are Monday to Friday,
from 12.00 -16.00 pm. In heating period, it is assumed that the shading devices are
not working. Shading devices does not transfer sun light. In schools especially for
classrooms light is so important for comfort conditions, for these reasons, shading

factor has been taken 0.2. Shading device properties can be seen in Figure 5.12.

5.4.4.3. Winter Period Calculations and Results

In Figure 5.44 temperatures of zones for base case, in Figure 5.45 temperatures for
window renovation are seen. Heating energy demand for each zones and total energy
demand for building are calculated. In this calculation, it is assumed that comfort
temperature is 20°C and heating system is working 5 days in one week, from the
hour 7.00 to 17.00 It is assumed that space temperature is 15°C in the rest hours of
day and holidays. In fact the school building has not a mechanical ventilation system.
But in this study it is assumed that there is a mechanical ventilation system in
building for each cases including base case. It is effective especially in zone 1 in
where classroom temperatures are not in comfortable conditions. Without ventilation,
indoor temperatures reach to 35 °C in some periods. The air is supplied with an air
change rate 0.95 1/h. Operating hours for ventilation system is from 7.00 to 17.00

during the school days. Supply air temperature is adjusted as outside temperature.
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Figure 5.44: Temperatures of zones for base case in January (Antalya)
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Figure 5.45: Temperatures of zones for window renovation in January (Antalya)

Average temperatures of zones are not so different from each other according to the
base case and window renovation strategy. (Table 5.23) With window renovation,

strategy there is reduction in hourly energy demand as it is seen in Figure 5.46.
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Table 5.23: Average temperature of zones for base case and window renovation
strategy in January (Antalya)

Case Type Heating T Zonel  Zone2  Zone3  Zone4  Zone5  Zoneb
Season ambient
Base Case 24.33 19.25 22.64 18.89 14.62 13.88
Average 10.24
Window O 25.05 1932 23.88 18.99 14.72 13.88
Renovation
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Figure 5.46: Hourly heating power of zones for each case in January (Antalya)

Table 5.24: Heating energy demand and heating load of zones in January (Antalya)

Thermal Case Type Heating Heating
Zones Energy Load
(kWh) (kWh/m2)

Zone 1 Base case 288.0 0.06
Window 275.9 0.06
renovation

Zone 2 Base case 12134 0.52
Window 1077.7 0.46
renovation

Zone 3 Base case 219.1 0.06
Window 198.6 0.05
renovation

Zone 4 Base case 6329.3 1.22
Window 5848.8 1.13
renovation

There is reduction in heating energy load of zones as it is seen in Table 5.24.
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Table 5.25: Total heating energy and heating load in January (Antalya)

Case Types Total Heating Total Heating
Energy Load
(kWh) (kWh/m2)
Base Case 8049.9 0.51
Window Renovation 7401.0 0.47
8,200
= 8,000 -
2
< 7,800
3
8 7600
(]
g 7,400
3
I 7,200
7,000
Base case Window Renovation
Case type

Figure 5.47: Total energy demand for each case in January (Antalya)

In Table 5.25 total heating energy demand and heating load can be seen. With
window renovation energy savings in January is % 8. Total energy reduction

according to the case types can be seen in Figure 5.47.
5.4.4.4. Summer Period (15 May-15 June) Calculations and Results

Calculations for base case , window renovation, shading devices and combined
strategy are calculated in 15 May- 15 June period. (Figure 5.48, Figure 5.49, Figure
5.50 and Figure 5.51) Cooling energy demand for each zones and total energy
demand for building are calculated. Temperatures are taken every hour in 15 May-15
June period. In this calculation, it is assumed that comfort temperature is 26°C and
cooling system is working 5 days in one week, from the hour 7.00 to 17.00. It is
assumed that space temperature is 30°C in the rest hours of day and holidays. It is
assumed that natural ventilation is used and every break time classrooms are

ventilated by opening windows.
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Figure 5.48: Temperature of zones for base case in 15 May-15 June (Antalya)
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Figure 5.49: Temperature of zones for window renovation strategy in 15 May-15
June (Antalya)
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Figure 5.50: Temperatures of zones for shading devices in 15 May-15 June
(Antalya)
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Figure 5.51: Temperatures of zones for combined strategy in 15 May-15 June
(Antalya)

There is not so much differences between the average temperatures of zones as it is

seen in Table 5.26.
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Table 5.26: Average temperature of zones for base case, window renovation
strategy, shading devices strategy and combined strategy in 15 May-
15 June (Antalya)

Case Type  Cooling T Zonel Zone2  Zone3  Zone4  Zone5  Zone6
Season ambient
Base Case 2549  26.16 25.94 24.01 29.37 30.27
Window Average 25.56  26.14 25.94 23.71 29.34 30.26
Renovation 19.98
(0
Shading 2528  26.13 25.85 23.71 29.32 30.26
Devices
Combined 2539  26.08 25.85 23.64 29.32 30.25
Strategy

With renovation strategies, cooling energy demand and cooling load are reduced.

With combined strategy energy saving is % 67 in zone 1, % 40 in zone 2, and % 40

in zone 3. (Table 5.27) For zone 4 there is no cooling demand. Hourly cooling

energy demand can be seen in Figure 5.52. Total energy savings for cooling period is

% 42 with combined strategy. (Table 5.28)

Table 5.27: Cooling energy demand and cooling load of zones for base case,
window renovation strategy, shading devices strategy and combined
strategy in 15 May- 15 June (Antalya)

Thermal Zones Case Type Cooling Cooling
Energy Load
(kWh) (kWh/m2)
Base Case 434.9 0.09
Zone 1  Window Renovation 308.8 0.06
Shading Devices 209.7 0.04
Combined Strategy 169.7 0.03
Base Case 695.2 0.30
Zone2  Window Renovation 515.5 0.22
Shading Devices 523.7 0.22
Combined Strategy 417.7 0.18
Base Case 838.0 0.23
Zone3  Window Renovation 645.0 0.18
Shading Devices 586.0 0.16
Combined Strategy 501.0 0.14
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Figure 5.52: Hourly cooling power for each case in 15 May- 15 June (Antalya)

Table 5.28: Total cooling energy and cooling load in 15 May- 15 June (Antalya)

Case Type Cooling Energy Cooling Load
(kWh) (kWh/m2)
Base Case 1968.1 0.12
With Window 1469.3 0.09
Renovation
With Shading 1319.0 0.08
Devices
Combined 1088.4 0.07
Strategy
2,000
§ 1,500
% 1,000
[a}
L% 500
0
Base case Window Renovation Shading Devices Window
Renovation+Shading
Devices
Case Type

Figure 5.53: Total cooling demand in 15 May- 15 June (Antalya)
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With combined strategy energy savings are high according to the base case as it is

seen in Table 5.28.

Table 5.29: Annually total heating and cooling energy demand and load (Antalya)

Case Type Heating  Heating Cooling  Cooling Total Total
Energy  Load Energy Load Energy Load
(kWh) (kWh/m2)  (kWh) (kWh/m2)  (kWh) (kWh/m2)
Base Case 80499  0.51 1968.1 0.12 10018.0  0.64
(100) (100) (100)
With 7401.0  0.47 1469.3 0.09 8870.3  0.57
Window (92) (75) (89)
Renovation
With - - 1319.0 0.08 1319.0 0.08
Shading (66) (66) (SP)
Devices
Combined - - 1088.4 0.07 1088.4 0.07
Strategy (58) (58) (SP)

Heating and cooling load for each case for heating and cooling seasons are seen in
Table 5.29. In heating season energy demand is reduced with window renovation. In
heating season with window renovation situation energy saving is %8. In cooling
season with window renovation energy saving is %25. In annually calculation for
heating season energy saving is %11 for window renovation. The energy savings
with shading devices and combined strategy for annually calculations is equal only
for the summer period because shading devices are not used in winter season period.
When the shading devices are used only in cooling season (summer period) energy
saving is %34 according to base case. When combined strategy is used in cooling
season (summer period) energy saving is % 42. Total energy demand of building can

be seen in Figure 5.53.

5.4.5. Hot-Dry Climate (Diyarbakir)

Characteristic city for hot-humid climate is Diyarbakir. For Diyarbakir both heating
and cooling demand are investigated. Using window renovation for heating system
and using window renovation, shading devices and using them together in cooling

season are investigated.

5.4.5.1. Window Renovation

In existing project in all windows, window type which has an U-value 2.83 is used.
For window renovation window type which has an U-value 1.24 is used. Optical

properties of window are seen in Figure 5.10 and Figure 5.11.
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5.4.5.2. Shading Devices

In existing building shading devices are not used. In suggested application, shading
devices are used with shading factor 0.2. Occupancy hours are Monday to Friday,
from 12.00 -16.00 pm. In heating period it is assumed that the shading devices are
not working. Shading devices does not transfer sun light. In school especially for
classroom light is so important for comfort conditions, for these reasons shading

factor has been taken 0.2. Shading device properties can be seen in Figure 5.12.

5.4.5.3. Winter Period (January) Calculations and Results

In Figure 5.54 temperatures of zones for base case, in Figure 5.55 temperatures for
window renovation are seen. In fact the school building has not a mechanical
ventilation system for each cases including base case. In this study it is assumed that
there is a mechanical ventilation system in building. It is effective especially in zone
1 in where classroom temperatures are not in comfortable conditions. The air is
supplied with an air change rate 0.95 1/h. Operating hours for ventilation system is
from 12.00 to 16.00 during the school days. Supply air temperature is adjusted as

outside temperature.
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Figure 5.54: Temperatures of zones for base case in January (Diyarbakir)

It can be seen in Figure 5.56 temperatures of Zone 1 for window renovation strategy

is higher then base case.
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Figure 5.55: Temperatures of zones for window renovation in January (Diyarbakir)
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Figure 5.56: Temperatures of zone 1 for base case and window renovation strategy
in January (Diyarbakir)

Table 5.30: Average temperatures of zones for base case and window renovation
strategy in January (Diyarbakir)

Case Type  Heating T Zonel  Zone2  Zone3  Zoned  ZoneS  Zoneb
Season ambient

Base Case 21.90 17.91 18.27 17.63 6.47 5.75
Average 1.77

Window O 23.30 18.09 19.40 17.78 6.56 5.77

Renovation
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Average temperatures of zones are not so different from each other. (Table 5.30)
Using renovation strategies are effective in heating demand and heating load as it is

seen in Table 5.31.

Table 5.31: Total heating demand and heating load of zones for base case and
window renovation strategy in January (Diyarbakir)

Case Type Heating Heating
Thermal Zones Energy Load
(kWh) (kWh/m2)
Zone 1 Base case 745.0 0.16
Window 591.6 0.13
renovation
Zone 2 Base case 3798.9 1.65
Window 3379.0 1.47
renovation
Zone 3 Base case 1412.1 0.40
Window 510.2 0.14
renovation
Zone 4 Base case 13111.0 2.53
Window 12365.8 2.39
renovation
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Figure 5.57: Hourly heating power for each case in January (Diyarbakir)
Hourly heating power of window renovation strategy is less then base case. (Figure
5.57) With window renovation energy savings of total heating load is % 12 as it is

seen in Table 5.32.
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Table 5.32: Total heating energy and heating load in January (Diyarbakir)

Base Case Window
Renovation
Heating Energy (kWh) 19067.0 16846.7
Heating Load (kWh/m2) 1.22 1.08
20,000
= 16,000 -
2
g 12,000 A
)
&
o 8000
§
T 4,000
0
Base case Window Renovation
Case type

Figure 5.58: Total heating energy for each case in January (Diyarbakir)
Total heating energy of zones can be seen in Figure 5.58. Using window renovation

strategy heating energy demand is reduced 2220.3 kWh according to the base case.
5.4.5.4. Summer Period (15 May-15 June) Calculations and Results

Temperatures of zones for base case, window renovation strategy, shading devices
strategy and combined strategy are calculated. (Figure 5.59, Figure 5.60, Figure 5.61,
Figure 5.62) Cooling energy demand for each zones and total energy demand for
building are calculated. Temperatures are taken every hour in 15 May-15 June
period. In this calculation, it is assumed that comfort temperature is 26°C and cooling
system is working 5 days in one week, from the hour 7.00 to 17.00. It is assumed that
space temperature is 30°C in the rest hours of day and holidays. It is assumed that
natural ventilation is used and every break time classrooms are ventilated by opening

windows.
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Figure 5.59: Temperatures of zones for base case in 15 May — 15 June (Diyarbakir)
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Figure 5.60: Temperatures of zones for window renovation strategy in 15 May — 15
June (Diyarbakir)

In Zone 5 and Zone 6 there is not cooling system. Temperatures of these zones are

nearly 45 °C in some periods as it is seen in figures.
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Shading Devices
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Figure 5.61: Temperatures of zones for shading devices in 15 May — 15 June
(Diyarbakir)

Combined Strategy
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Figure 5.62: Temperatures of zones for combined strategy in 15 May — 15 June
(Diyarbakair)

Average temperatures of zones are not so different from each other as it is seen in

Table 5.33
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Table 5.33: Average temperature of zones for base case, window renovation
strategy, shading devices strategy and combined strategy in 15 May-
15 June (Diyarbakir)

Case Type Cooling T Zonel Zone2 Zonel3 Zoned4 Zone5 Zone6
Season ambient

Base Case Average 25.97 25.96 25.48 24.09 29.96 30.73
O

Window Average 26.04 25.96 25.51 24.03 29.96 30.72

Renovation (°C)

Shading Average 21.44 25.88 2591 25.40 24.03 29.95 30.72

Devices ()

Combined Average 25.86 25.39 23.97 23.74 29.94 30.71

Strategy °O)

With renovation strategies cooling energy demand and cooling load are reduced.
With combined strategy energy saving is % 35 in zone 1, % 36 in zone 2, % 37 in
zone 3, %60 in zone 4 (Table 5.34). Hourly cooling energy demand can be seen in
Figure 5.63. Total energy savings for cooling period is % 36 with combined strategy.
(Table 5.35) Energy savings with combined strategy is maximum as it is seen in
Figure 5.64.

Table 5.34: Cooling energy demand and cooling load for base case, window

renovation strategy, shading devices strategy and combined strategy 15
May- 15 June (Diyarbakir)

Thermal Zones Case Type Cooling Energy Cooling Load
(kWh) (kWh/m2)

Base Case 2084.2 0.46

Zone 1 Window Renovation 1687.3 0.37
Shading Devices 1611.1 0.35
Combined Strategy 1395.7 0.30
Base Case 899.4 0.39

Zone 2 Window Renovation 689.4 0.30
Shading Devices 726.7 0.31
Combined Strategy 594.6 0.25
Base Case 1176.9 0.33

Zone 3 Window Renovation 895.1 0.25
Shading Devices 944.5 0.26
Combined Strategy 744.1 0.21
Base Case 273.2 0.05

Zone 4 Window Renovation 172.9 0.03
Shading Devices 215.6 0.04
Combined Strategy 142.6 0.02
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Figure 5.63: Hourly cooling power for each case in 15 May- 15 June (Diyarbakir)

Table 5.35: Total cooling energy demand and cooling load in 15 May- 15 June

(Diyarbakir)
Case Type Cooling Energy Cooling Load
(kWh) (kWh/m2)
Base Case 4433.7 0.28
Window Renovation 3444.7 0.22
Shading Devices 3497.9 0.22
Combined Strategy 2907.0 0.18
5,000
= 4,000
Z
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&
2 2,000
8
1,000
0
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Case Type

Renovation+Shading
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Figure 5.64: Total cooling energy demand in 15 May- 15 June (Diyarbakir)
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Table 5.36: Annually total energy demand and energy load (Diyarbakir)

Case Type Heating Heating Cooling  Cooling Total Total
Energy Load Energy Load Energy Load
(kWh) (kWh/m2) (kWh) (kWh/m2)  (kWh) (kWh/m2)
Base Case 19067.0 1.22 4433.7 0.28 23500.7  1.51
(100) (100) (100)
Window 16846.7 1.08 3444.7 0.22 202914  1.30
Renovation (88.5) (78) (86)
Shading - - 3497.9 0.22 3497.9 0.22 (SP)
Devices (78) (78)
Combined - - 2907.0 0.18 2907.0 0.18 (SP)
Strategy (64) (64)

Heating and cooling load for each cases for heating and cooling seasons are seen in
Table 5.36. In heating season energy demand is reduced with window renovation. In
heating season with window renovation strategy, energy saving is %12.5. In cooling
season with window renovation energy saving is %22. In annually calculation for
energy saving is %14 for window renovation. The energy saving with shading
devices and combined strategy for annually calculations is equal only for the summer
period because shading devices are not used in winter season period. When the
shading devices are used only in cooling season (summer period) energy saving is
%22 according to base case. When combined strategy is used in cooling season
(summer period) energy saving is % 36. Total energy demand of building can be

seen in Figure 5.64.

These renovations, window renovation, increasing insulation thickness renovation,
using shading devices are renovations that are made in building envelope. Besides
these renovations active system are also important for to get energy saving. In the

following study electrical consumption of a school building is investigated.
5.4.6. Active System Strategies for Scharnhauserpark School in Stuttgart

In this study electrical energy consumption of a school building in Stuttgart
investigated. Users behaviors are important in this study. In this part, strategies for
usage time of electrical equipments in schools are investigated and it is seen that

energy demand will be reduced with very basic methods.
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5.4.6.1. Scharnhauserpark Project and School Building

Scharnhauserpark Project (Figure 5.66) is designed as an exemplary ecological
community development, where low energy building standards are prescribed for all
plots and a wood-fired ORC co-generation plant will deliver electricity and heating
energy. Combining work places, residential areas and green park sections leads to an
integrated living and transportation concept with high comfort and low energy
consumption. The whole investment volume of the project with 480,700 m2 built

floor area is 1.5 billion Euros. [21]

School

Cr

[ e ﬁi‘
Youth Club

r{l;l:ﬁirl-!hu_- s

I

Parkhaus” cogeneration unit

Figure 5.65: Scharnhauserpark Project

In this part of study electrical energy consumption of school building is investigated.
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School and Gymnasium:

The school and gymnasium are part of a new town, which is currently being
developed on the grounds of an old barracks area. The site forms the edge of the city

facing the northeast.

The rounded form of the sports hall will mark the edge of the urban development.
Facing the other side, the school building fits into the right-angled structure of the
existing barracks. Both plan and section have been conceived to support the strong

character of the street space. [22]

Inside the building, the rectangular streets are transformed into corridors and the
residential buildings into classrooms. While the interior and exterior walls of the
school house are characterized by crude brick stones, the atmosphere of the
classrooms is dominated by wood. [22] On the roof of the sports hall there is a little
sports ground that is illuminated in the evening by the cylindric shaped glass block
walls on top of the hall. Between sports hall and school building lies the playground
for the students. Its spatial setting and individuality compliments the plastic form of
the west side of the sports hall, so too the prominent free-standing stairs, which slope
towards the south. From there one has a beautiful view over the city and the distant

landscape.[22]

Primary School

<

Figure 5.66: Site plan and view of school building [22, 23]
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Plan of primary school building, high school building and some inside views are seen

in Figure 5.67 and Figure 5.68.
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Figure 5.68: Plan and inside views of high school building
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Wiews of school from outside can be seen in Figure 5.69.
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Figure 5.69: Views from high school building

In Figure 5.70 upper corridor and connection between the primary school building
and high school building can be seen. Primary school building and high school

buildings are connected to each other with a bridge.

Figure 5.70: Upper corridor, and connection between primary school and high
school.

5.4.6.2. Electrical Energy Calculation

In this study electrical energy demand of school building investigated. For this
calculation, electrical equipments and their usage time in all rooms are determined.
(Classrooms, teachers’ room, kitchen etc) Then power of every equipment is
calculated with an instrument called Energy Monitor 3000 for when they are on,

when they are stand-by.(Figure 5.71)
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Figure 5.71: Instrument used for power calculation

Electrical Energy Calculation

Electrical energy calculation steps are determining the school days and holidays,
determining the electrical equipments and their consumptions, grouping the electrical
equipments calculations, determining energy savings.

Determining the School Days and Holidays

For beginning to the calculation, school days and holidays in Stuttgart are

determined.

Christmas: 3 weeks = 15 day
Winter(February): 1 week = 5 days
Easter: 2 weeks =10 days
Pentecost: 1 week =5 days
Summer: 6,5 weeks =32 days
Autumn: 1 week =5 days

52 weekends =104 days

Extra fest days= 4 days

Total: 180 days of holidays
365-180 = 185 days of school

In summer holiday every electrical equipment are off. They are not working.
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Determining the Electrical Equipments and their Consumptions

Secondly all electrical equipment are determined class by class and room by room.

Their power are calculated. (Table 5.37)

Table 5.37: Electrical energy calculation

Room Room name Consumption Electrical Unit Electric Power Occupation Not-Occupation Consumption kWh

Number Group Equipment on std-by | Time Time on std-by
Floar Lighting Lamp 11W 32 11.00 990" 345.00

251  [Class Lighting Lamp 36W 14 72.00 b 925" 9300

251  [Class Lighting Lamp 26W 2 52.00 928" 96.00

251  [Class Studying Tape 1 6.00 45 185" 7.807

252 [Class Lighting Lamp 36W 14 72.00 925" 932.00

252  Class Lighting Lamp 26W 2 52.00 925" 96.00

252  Class Studying Tape 1 11.00 55 188" 7,807

2.52 Class Studying Overhead-Projector 1 450.00 185" §3.00

252  [Class Kitchen Kettle 1 965.00 18 15.00

253 Courseroom Lighting Lamp 36W E] 7200 555 360.00

2.53 Courseroom Studying Computer 1 756.00 12 arg 7,627 258.80  91.00

2.53 Courseroom Studying PC 1 74.00 g E1{1) 7,627 27.300 61.00

253 Courseroom Studying Screen 1 400 4 370" 7,627 140, 3040

253 Courseroom Studying Overhead-Projectar 1 450.00 188 83.00

2.53 Courseroom Studying Printer 1 14.00 45 18 7.977 0.60 143.00

254 [Courseroom Lighting Lamp 36W g 7200 555 360.00

255  [Class Lighting Lamp 36W 14 72.00 925" 932.00

255  [Class Lighting Lamp 26W 2 5200 928" 96.00

In this list, room numbers, room names, consumption type of electrical instruments,
name and units of electrical instruments are determined. Then electric power usage
of instruments when they are on and when they are stand-by are calculated.
Occupation and not-occupation times of electrical equipments are determined
according to the school days and holidays. Lastly total energy consumption of
instruments is calculated for when they are on and stand-by mode according to their

usage time.

Same calculations are done for primary school building and garden. Because in

garden electricity is also used for outside lighting.

Grouping the Electrical Equipments

After all these calculations, these energy consumptions are determined in three

groups:
e Study equipment
e Kitchen

e Lighting
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Study equipment
Computers

Number of school days are 185. It is assumed that computers are using 2 hours per

day.

185*2 =370 hours

In summer holiday everything is off. It is 32 days
365-32 =333 days

333%24 =7992 hours

370 hours computers are on.

7992 -370 = 7622 hours computers are stand—by

When computers are on total electrical consumption is 28.80 kWh, when computers
are stand-by total electrical consumption is 91.00 kWh.(Table 5.37) As it is seen
electrical consumption of computers when they are stand-by is higher then when they
are on. Because the computers are on in 370 hours and they are stand-by in 7622

hours.

All of the occupation and not occupation hours have been calculated for other other
equipments of kitchen and lighting. These results have been multiplied with electric
power of that insruments fort o get energy consumption. Usage time of equipments’
imformations have been taken from the person who is responsible for the school and
people who are working in kitchen. Firstly occupation and non-occupation hours are
calculated for equipments.

Technical Room Electrical Equipments

Oven: it is used 15 times a year.

Every times it is used 2-3 hours

15*3 =45 hours.

Kitchen

Washing-up Machine: it is used everyday 3 hours. 3*185 = 555 hours.

Oven : it is used everyday 1,5 hour. 1,5 *185 =278 hours
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Cooling Device : It is on Monday to Thursday from Monday morning at 07.00 to
Thursday afternoon 14.00.

24%3 =72

72+7 =79 hours it is on one week.

185 school days

185/5 =37 weeks.

37*80 = 2960 hours.

Lighting

Lighting for Corridors High School Ground Floor

School day is 185 days. It is assumed that 95 days in winter and 90 days in summer
Ground floor lighting can be seen in Figure 5.72. For ground and first floor in winter

time lights are on Monday to Friday from 06.45 to 18.00.
95* 11= 1045 hours

In summer time lights are on Monday to Friday from 06.55 to 08.00 and from 17.00
to 19.00

90*3 = 270 hours, Total =1045 +270 =1315 hours

Figure 5.72: Ground floor lighting
Lighting for Corridors of High School Second Floor

School day is 185 days. It is assumed that 95 days in winter and 90 days in summer.
For Second floor in summer and winter time lights are on from 07.00 to 09.00 and

from 17.00-20.00 . 185 *5 =925 hours
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Two kinds of lamps are used in second floor

Figure 5.73: Lamp types used in corridor

Figure 5.74: Views from inside

As a result of roof construction design which allows sun light to come in corridors, in
third floor corridor lighting is not using during day except cloudy days. In Figure

5.74 lamp types used in corridors are seen.

Lighting for Entrance

In summer and winter time lighting is on Monday to Friday from 07.30 to 08.30 and
from 16.30 to 19.00.

185 *3,5 = 648 hours.

Lamps that are used lighting for entrance can be seen in Figure 5.75.
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Figure 5.75: Entrance lighting and lamp type

Outside and Garden Lighting

Outside:

School day is 185 days. It is assumed that 95 days in winter and 90 days in summer.
In winter time from 17.00 to 23.00 outside lighting is on.

6*95 =570 hours

In summer from 20.00 to 23.00 outside lighting is on.

3* 90 = 270 hours

Total

5704270 = 840 hours.

Garden:

School day is 185 days. It is assumed that 95 days in winter and 90 days in summer.

In winter time from 17.00 to 23.00 garden lighting is on.
6*95 =570 hours

In summer from 20.00 to 23.00 garden lighting is on.
3* 90 = 270 hours

Total: 570+270 = 840 hours.

Outside and garden lighting are seen in Figure 5.76 and Figure 5.77.
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Figure 5.76: Outside lighting

Figure 5.77: Outside and garden lighting

Table 5.38: Electrical energy consumption of groups in high school

Energy Consumption (kWh)

On Stand-by
Study 3920.25 5294.00
Kitchen 14027.00 769.00
Lighting 34436.00 -
Outside Lighting 1718.00 -

As it is seen in Table 5.38 study equipments need much more energy when they are
stand-by according to the situation when they are on. This is because of the
difference between the occupation and non-occupation hours. Non —occupation hours
are more than occupation hours, that is why if the electrical equipments are left stand

by mode, electrical consumption is more than the situation when they are on.

After grouping all the electrical equipments, total electrical demand (on +stand-by

mode) is calculated for each group.(Table 5.39)
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Table 5.39: Total electrical energy demand of groups in high school

High School Electrical Energy
Consumption Demand
( kWh)
Study 9214.25
Kitchen 14796.00
Lighting 34436.00
Outside Lighting 1718.00
Total 60164.25

O Study

B Kitchen

O Lighting

O Outside Lighting

%57

Figure 5.78: Percentage of electrical energy consumption groups for high school

In Table 5.39 total electrical energy consumption is shown and in Figure 5.78,
percentage of groups consumption in high school is seen. As it is seen lighting has
the most important part in this consumption. Secondly kitchen and then study
equipments. For kitchen electrical energy consumption stand-by mode is not
important as on mode. Like ovens, washing machines, fridges use so much energy
when they are working. But for study equipments, reducing stand-by mode

occupation hours causes benefits on total electrical energy consumption.

Table 5.40: Electrical energy demand when the study equipments are on and stand-

by mode
Electrical Energy
Demand
(kWh)
Study (on) 3920.25
Study (stand- 5294.00
by)
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In Table 5.40 it is seen that electrical consumption is high then on mode when the
equipments are left stand-by mode. Percentage of stand by-mode is%58 when the

percentage of on mode is %42.(Figure 5.79)

O Study (on)
B Study (stand-by)

Figure 5.79: Percentage of electrical energy consumption of study equipments when
they are on and stand-by

Energy Savings

For energy, saving it can be recommended switching of all electrical equipment
when they are not using. With this very basic method, so much energy and money
can be saved. For lighting it can be recommended not to use so much lamps at
corridors especially corridors that are not used so much. These lamps can be
arranged one is on and one is off to reduce the electricity bill.

Computers

All the PC’s are seems-out and screens are stand-by at weekends.

46 weekends =92 days

PC

9%92*24 = 19 kWh (electric power, number of days and hours of one day are
multiplied to get total energy))

Screen
5*%92*%24 =11 kWh
Total =30 kWh

It can be saved 30 kWh by switching off the all the computers at weekends.
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Here electricity cost for one kWh is taken 0.15 € and 40 is factor number.
It can be saved 30*40*0.15 = 180 € every year.
Lighting in High School

We can reduce the number of lights in first floor corridor because this corridor is not
used so much. It has 2 classroom and other parts occured technical rooms and an

office for person who is resposible for the school.

Lamps will be one on and one off. That time we do not use 12 lamps. One lamp use

11 kWh for one year. This means it can be saved;

11*12 =132 kWh per year.

Here electricity cost for one kWh is 0.15 € and factor number is 40.
We can save 132*%40*0.15 = 792 € every year.

Total electrical energy savings can be reduced with taking very basic measures. For
instance in this case study with switching off all computers at weekends and reducing
number of some lamps in ground corridor it can be saved 972 € in one year. This
kind of measures can also be taken in Turkey. Besides the renovation strategies in
building envelope with this basic methods electrical energy consumption can be

reduced and energy savings will be higher.
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6. RESULTS OF CASE STUDY

In this part total energy savings and costs are calculated. Firstly number of schools
in characteristic cities is defined. Then energy saving and saving costs for one
school for heating season (January) and cooling season (15 May- 15 June) are

calculated. Lastly how much energy and money will be saved is calculated.

6.1. Energy Saving Through Proposal Renovation Strategies

Firstly number of schools in characteristic cities for climate zones are defined then

total energy saving are calculated for heating season. (Table 6.1, Table 6.2)

Table 6.1: Number of schools in cities which represent different climate zones [25]

Cities Ankara Antalya  Diyarbakir Erzurum Istanbul
Number of Schools 1300 1069 1183 1180 1420

Energy demand and savings of school building in heating season is seen in Table 6.2,
in Table 6.3 energy demand and savings of school building for cooling season is seen

Table 6.2: Energy demand and savings of school building in heating season

Cities Case Type Energy Energy Heating Heating
Demand Savings Load Load
(kWh) (kWh) (kwh/m2)  Saving
(kWh/m2)

Istanbul Base Case 14638.5 0.94 0.10
Window 13034.5 1604.0 0.84 (11%)
Renovation

Erzurum Base Case 32790.2 8298.0 2.11 0.54
Combined 24492.2 1.57 (26%)
Strategy
(WRHIIT)

Ankara Base Case 20249.8 4584.1 1.30 0.29
Combined 15665.7 1.01 (23%)
Strategy
(WRHIIT)

Antalya Base Case 8049.9 648.9 0.51 0.04
Window 7401.0 0.47 (8%)
Renovation

Diyarbakir ~ Base Case 19067.0 2220.3 1.22 0.14
Window 16846.7 1.08 (11.5%)
Renovation
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Table 6.3: Energy demand and savings of school building in cooling season

Cities Case Type Energy Energy Cooling Cooling
Demand Savings Load Load
(kWh) (kWh) (kwh/m2)  Saving
(kWh/m2)

[stanbul Base Case 781.2 0.05 0.03
Combined 3124 468.8 0.02 (60%)
Strategy
(WR+SD)

Ankara Base Case 1434.1 0.09 0.04
Combined 784.0 650.1 0.05 (45%)
Strategy
(WR+SD)

Antalya Base Case 1968.1 0.12 0.05
Combined 1088.4 879.7 0.07 (42%)
Strategy
(WR+SD)

Diyarbakir Base Case 4433.7 0.28 0.10
Combined 2907.0 1526.7 0.18 (36%)
Strategy
(WR+SD)

Energy savings for winter period and summer period can be seen in Table 6.4 and
total energy saving costs can be seen in Table 6.5. It is assumed that natural gas is
used in this school building for heating energy demand and unit price is 0.07 TL per

kWh [24]. It is assumed that electrical energy is used in this school building for

cooling demand and unit price is 0.17 TL per kWh.

Table 6.4: Total energy saving potential of school building

Cities Energy Savings (kWh)

January 15 May-15 Total

June
Istanbul 1604.0 468.8 2072.8
Erzurum 8298.0 - 8298.0
Ankara 4584.1 650.1 5234.2
Antalya 648.9 879.7 1528.6
Diyarbakir 2220.3 1526.7 3747.0
Table 6.5: Total energy saving costs of one school building

Cities Energy Saving Costs (TL)

January 15 May-15 Total

June

[stanbul 112.00 79.00 191.00
Erzurum 580.00 - 580.00
Ankara 320.00 110.00 430.00
Antalya 45.00 149.00 194.00
Diyarbakir 155.00 259.00 414.00
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6.2. Determining the Total Energy Saving Costs for all Schools in Cities

Total saving costs according to the number of schools in Istanbul, Erzurum, Ankara,

Antalya and Diyarbakir are seen in Table 6.6.

It is assumed that natural gas is used in these school building. Unit price of natural
gas for school buildings and is 0.07 TL per kWh[24]. Total cost gain for one school
building is 191 TL in Istanbul, 580 TL in Erzurum 430 TL in Ankara, 194 TL in
Antalya,and 414 TL in Istanbul. There are 1420 school buildings in Istanbul, 1180
school buildings in Erzurum, 1300 school buildings in Ankara, 1069 school buildings
in Antalya, 1183 school buildings in Diyarbakir. If it assumed that all school
buildings are same type total energy cost gain for all schools are 271,000.00 TL in
[stanbul, 684,000.00 TL in Erzurum, 559,000.00 TL in Ankara, 207,000.00 TL in
Antalya, 489,000.00 TL in Diyarbakir..

Table 6.6: Total savings costs of all schools in different climate zones

Total Saving Total Saving
Costs Number Costs
Cities (for one of (forall
school) Schools schools)
(TL) (TL)
[stanbul 191.00 1420 271.000.00
Erzurum 580.00 1180 684,000.00
Ankara 430.00 1300 559,000.00
Antalya 194.00 1069 207,000.00
Diyarbakir 414.00 1183 489,000.00

Total saving cost for all characteristic cities is 2,210,000.00 TL. While calculating
energy savings potential and saving costs, it is assumed that January is the coldest
month, and 15 May- 15 June is the hottest period during the school days. All these
calculations are made and got the results for January as heating period and 15 May-

15 June as cooling period.

6.3. Results

Energy savings of type primary school buildings in Turkey by making renovation
strategies has been determined in Chapter 5. In this chapter firstly climate regions in
Turkey and properties of selected primary school, boundary conditions of this
building have been defined. After defining which renovation strategies can be used in

this building defined, application of simulation has been conducted by using
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Thermplan-TRANSIT simulation programme. For every climate region, energy
demand for base case and for renovation strategies have been evaluated. Total energy
demand for summer period, for winter period and for annually have been calculated,
then energy demand for renovation strategies have been compared with base case,
energy savings have been determined. Lastly according to number of schools for
each region have been determined and total energy savings for whole characteristic
city has been calculated. While determining the economical savings, for winter
period, for heating energy demand it has been assumed that natural gas has been
used. Unit cost of natural gas for 1kWh has been taken; for summer period, for
cooling energy it has assumed that electrical energy has been used and unit costs of

electrical energy for 1 kWh has been taken.

Window renovation has been used for both winter and summer period calculations.
U-value of windows has been decreased from 2.84 W/m2K to 1.24 W/m2K.
Window renovation strategy and increasing insulation thickness strategy has been
also used for both winter and summer period calculations. On the other hand shading

devices have been used only for summer period.

In Istanbul in mild-humid climate region calculation have been made for base case,
window renovation, shading devices and combined strategy renovations. Combined
strategy renovation calculations have been made only for summer period as in winter
period shading devices have not been used. By using window renovation energy
savings are %11 in winter period, %20 in summer period and %12 for annually
results when the calculations compared with base case. According to the shading
devices renovation strategy, energy saving for summer period is %60. If combined
strategy (window renovation+shading devices ) is used energy saving for summer

period is %60.

In Erzurum in cold climate region calculation have been made for base case, window
renovation, increasing insulation thickness renovation and combined strategy
renovation. In Erzurum only heating energy demand has been calculated as even in
summer period there has been an heating demand for building. By using window
renovation energy saving is %19. When insulation thickness is increased, energy

saving is % 8 and by using combined strategy energy saving is %26.
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In Ankara, in mild-dry climate region calculations have been made for base case,
window renovation, increasing insulation thickness, shading devices and combined
strategy. By using window renovation energy savings are % 14 for winter period,
%34 for summer period and % 15 for annually results when the calculations
compared with base case. If insulation thickness is increased, energy savings are
%10 for winter period and %9 for annually results. In summer period increasing
insulation thickness has negative effect on cooling demand and cooling demand has
increased 67.3 kWh when the calculations compared with base case.Because
incerasing insulation thickness obstructs night cooling. Combined strategy for winter
period means using window renovation and increasing insulation thickness together,
for summer period combined strategy is using window renovation, increasing
insulation thickness and shading devices. By using combined strategy energy savings

are %23 for winter period, %45 for summer period and % 24 for annually results.

In Antalya, in hot-humid climate region calculations have been made for window
renovation, shading devices renovation and combined strategy. Combined strategy
calculations have been made only for summer period as in winter period they are not
used. By using window renovation energy savings are %8 in winter period, %25 in
summer period and %11 for annually results when the calculations compared with
base case. By using shading devices, energy saving for summer period is %34. By
using combined strategy (window renovation+shading devices ) energy saving for

summer period is %42.

In Diyarbakir, in hot-dry climate region, calculations have been made for window
renovation, shading devices renovation and combined strategy. Combined strategy
calculations have been made only for summer period as in winter period they are not
used. By using window renovation energy savings are %11,5 in winter period, %22
in summer period and %14 for annually results when the calculations compared with
base case. By using shading devices, energy saving for summer period is %22. By
using combined strategy (window renovation+shading devices ) energy saving for

summer period is %36.

After evaluating the energy demand of school building, number of schools in
characteristic cities for climate zones have been determined and total cost savings
have been calculated. While evaluating the total cost savings it has been assumed

that combined strategy has been used for both winter period and summer period.
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Calculation have been made and total energy savings are 2072.8 kWh for Istanbul,
8298.0 kWh for Erzurum (only heating), 5234.2 kWh for Ankara, 1528.6 kWh for
Antalya and 3747.0 kWh for Diyarbakir. Then costs have been calculated and total
energy saving costs for all schools in one city have been determined. These saving

costs are nearly 2.2 million TL. (for January and 15 May—15 June period)
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7. CONCLUSION

In the present work energy savings of primary school buildings in Turkey by making
renovation strategies are determined. Primary school education, energy consumption
in Turkey, energy efficient design and parameters are mentioned, then energy
consumption of primary school buildings in different climate zones are evaluated by

making renovation strategies in building envelope.

After the petrol crisis in 1970’s, energy sources are investigated instead of fossil
fuels. For reducing the energy demand of buildings, passive systems for building
design became popular. By taking into consideration of climatic conditions, site,
form, orientation and building envelope it can be possible to reduce the energy

demand of building.

The prior aim of designing building is to provide convenient spaces according to the
biological, psychological and sociological requirements. Climate comfort conditions
have an important effect on people’s health and motivation on their work. Using
passive systems in buildings, supplies, healthy buildings which have ideal comfort
conditions. Only integrating active systems to the buildings and ignoring passive
sytems can not supply ideal comfort for occupants, furthermore it increases the

energy demand.

As it is seen in part 3, buildings’ consumption part is %36 according to the total
energy comsumption. %79.5 part of energy source is fossil fuels. Whereas, Turkey
has great amount of sustainable energy sources like solar energy and wind energy.
Especially the solar energy is important because nearly every part of Turkey has

great potential of solar energy.

In Turkey ratio of education building over all buildings is great because in Turkey
young people has a great ratio in population . Renovations that are made in education
buildings, especially in primary schools have positive economical effects, by

reducing energy demand.
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The primary school project that is used in this study is called “type” primary school
design and planned in five different climate zones. In this study calculation have
been made for five climate regions which are mild-humid climate (Istanbul), cold
climate (Erzurum), mild-dry climate ( Ankara), hot-humid climate (Antalya) and
hot-dry climate (Diyarbakir) in Turkey. Energy demand of this building has been
calculated by the Thermplan- TRANSIT simulation program. January which is the
coldest month has been assumed as the heating period and 15 May-15 June has been
assumed as the cooling period. While calculating the energy demand, firstly base
case has been calculated, and then the results which are attained by renovation
strategies have been compared with the base case. These renovation strategies are
window renovation (for winter and summer period), increasing insulation thickness
(for winter and summer period) and adjustable shading devices (for summer period).
Adjustable shading devices are not used in winter period because of increasing the
heating demand of building. These shading devices do not transfer the sun light that
is why they are used for to shade only the %20 of window area. Thus, it is aimed not

to have negative effect on lighting of classrooms.

According to the results, energy savings are changing between %11 -%60 when

renovation strategies compared with the base case.

Window renovation as reducing the U- value from 2.83 to 1.24 W/m2K is an
effective way for saving energy. With window renovation, energy savings percentage
change between the ratio %8 to %19 in heating period and between the ratio %20 to
%34 in summer period. With increasing insulation thickness in Erzurum energy
saving is %8 while in Ankara it is %10 in heating period. In Ankara increasing
insulation thickness has an negative effect in cooling period which increased the
cooling energy , but annually results energy saving is % 9. Because increasing
insulation thickness obstructs night cooling. Shading devices are used only in cooling
period; it has an energy saving percentage between the ratio %22 to %60. Combined
strategy is so effective especially in summer period which has a saving percentage
%60 in Istanbul for cooling energy demand. All these calculations have been made in
January as heating period and 15 May- 15 June as cooling period. Total energy
saving cost is nearly 2.2 million TL, if the whole cooling and heating periods are

calculated these saving costs will be more. Especially heating season energy savings
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will be more if the calculations are made in whole heating period. Because in Turkey

schools are in holiday, between 15 June-15 September which is the cooling period.

It is obvious that energy demand of building is reduced by using renovation
strategies. These savings will be better if all the passive design parameters are
applied to the building by taking into consideration climatic conditions. This primary
school building design can be different for all climatic zones, because when the
energy efficient design parameters are thought this design is not suitable for some
climatic zones. For example in Erzurum for cold climate it have to be compact form
and have less glazing area, or building envelope design have to be different for
Antalya and Diyarbakir. These renovations are in building envelope and with this
renovations energy can be saved. In addition active systems also have importance on
energy consumption for instance reducing electrical energy consumption. As it is
seen in the case study in Stuttgart that, electrical equipment usage time also has an
important effect on electrical energy consumption. Non-occupation hours when the
equipments are stand-by mode are more than the occupation hours when the
equipments are on. Making very simple application, as switching of computers at
weekends and non-occupied times instead of leaving them stand-by, electrical energy

demand is reduced.

In Turkey to get more energy savings there can be different type primary school
building designs applied in different climate zones. In this study renovation strategies
in building envelope both in transparent and opaque components have been
recommended and energy savings have been calculated for heating and cooling
energy. In addition, lighting consumption and electrical energy consumption must be
calculated. Furthermore other renovation strategies like trombe wall, thermal mass
can also be used to reduce the energy demand for the further studies. Last decisions

about renovation strategies must be taken after cost analyses.
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