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ABSTRACT

AN INTEGRATED OPTIMIZATION MODEL TOWARDS ENERGY
EFFICIENCY FOR EXISTING BUILDINGS - A CASE STUDY FOR BOGAZICi
UNIVERSITY KiLYOS CAMPUS

Existing buildings are responsible for a third of the global energy consumptions, as
well as CO, emissions. A decision-making algorithm is developed to mitigate the
uncertainty of financial and environmental returns of energy improvements in existing
buildings and to most properly spend the available funds. As a case study, forty two energy
efficiency measures (EEM) are identified in existing buildings of a university campus.
Energy consumption, energy cost and carbon emissions are measured. Costs and savings of
EEMs are calculated and their possible combinations are studied. Out of over four trillion
possible combinations of energy improvement packages, the ones providing the most bang
for the buck are computed for given limited investment budgets. The optimization problem
is solved alternatively with the more accurate Mixed Integer Programming (MIP) and a
custom developed heuristics. Along the optimized investment curve, a sweet spot is
identified at around 100000 USD providing highest returns in terms of savings in energy,
energy cost and carbon emission. Retrofitting of existing buildings with an optimized
investment budget appear to be a viable investment tool providing yearly savings of 33% in
energy use, 22% in energy cost and 23% in carbon emission. Optimization results show
that the decision maker can comfortably use the less sophisticated heuristics approach,
which deviates minimal from the exact MIP solution. Finally, optimized solutions for
retrofitting existing buildings are compared against alternative investments of building new
energy production plants and demolishing and re-constructing new buildings. In both cases
retrofitting proved to be significantly more efficient in terms of investment cost, energy

savings and CO; reduction.



OZET

MEVCUT BINALARDA ENERJi VERIMLILiGINE YONELIK ENTEGRE BiR
OPTiMiZASYON MODELI —- BOGAZIiCi UNiVERSITESI KiLYOS

YERLESKESI iCIN VAKA CALISMASI

Mevcut binalar, diinyadaki enerji tliketiminin ve CO, salimlarinin iicte birinden
sorumludur. Bu tez kapsaminda, mevcut binalardaki enerji verimliligine ydnelik
iyilestirmelerin, finansal ve g¢evresel geri doniislerindeki belirsizlikleri hafifletmek ve
eldeki finansal olanaklar1 en uygun bi¢cimde kullanabilmek icin bir karar algoritmasi
gelistirilmistir. Vaka caligsmasi olarak, bir tiniversite yerleskesinin mevcut binalarinda kirk
iki adet enerji verimliligi iyilestirme kalemi (EEM) belirlenerek, enerji tiiketimi, enerji
maliyeti ve karbon salimlar1 Ol¢lilmiistiir. Enerji verimliligine yonelik, iyilestirme
kalemlerinin maliyetleri ve sagladiklar1 tasarruflar hesaplanmis ve olasi kombinasyonlar
calistlmigtir. Dort trilyondan fazla enerji iyilestirme kombinasyonlarindan, yatirim
yapmaya deger olanlar, verilen limitli yatirm biitgeleri i¢in ayr1 ayri1 hesaplanmistir.
Optimizasyon problemi, hem daha kesin sonuglar veren Karisik Tam Sayili Programlama
(MIP) ile hem de Hiiristik yaklasimla ¢oziilmiistiir. Optimize edilen yatirim egrisinde,
yaklagik 100000 dolar harcama biitgesi ile, kullamima dayali enerji tasarrufu, enerji
maliyeti tasarrufu ve karbon salimi1 bakimindan en yiiksek geri doniisler elde edilmistir.
Yillik %33 kullanima dayali enerji tasarrufu, %22 enerji maliyeti tasarrufu ve %23 karbon
salim tasarrufu saglamasiyla, mevcut binalarin optimize edilmis yatirim biitceleri ile
tyilestirilmesi tutarl1 ve uygun bir yatirim araci olarak goriinmektedir. Optimizasyon
sonuclar1 gostermistir ki, karar vericiler daha basit olan ve tam sonuca ulasan Karisik Tam
Sayili Programlama (MIP) ¢oziimiine ¢ok yakin sonuglar veren hiiristik yaklagimi
rahatlikla kullanabilirler. Sonucta, mevcut bina iyilestirmeleri i¢in elde edilen optimize
edilmis ¢oziimler, yeni enerji liretim tesisleri insa etmek ve yikip yeni binalar inga etmekle
karsilagtirilmigtir. Her iki durumda da mevcut binalarin iyilestirilmesi, yatirim maliyeti,

enerji tasarruflar1 ve karbon salimlar1 bakimindan biiylik 6l¢iide daha verimli ¢ikmustir.
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1. INTRODUCTION

Global climate change concerns rank very highly in agendas of most governments,
non-governmental, non-profit organizations, international organizations (i.e., United
Nations, World Bank), local authorities, corporations, universities and research institutes
[1]. This has lead the world’s governments to come together and discuss this issue and try
to reach a common ground on how to act and what actions to take, several times within the
last decade (i.e. Kyoto, Copenhagen) [2]. Today, it is widely accepted that human activities
are contributing to climate change. It is estimated that between 1970 and 2004, global
greenhouse gas emissions rose by 70% and that at present, buildings globally contribute as
much as 1/3 of total global green house gas emissions, primarily through the use of fossil
fuels as energy source, during their operational phase [3, 4]. Research also shows that the
world’s buildings account for 17% of water usage, 25% of wood harvested, 33% of carbon
emissions, 30-40% of energy usage and 40-50% of raw materials [5]. Given the above
data, exisiting buildings’ impact on the global Green House Gas (GHG) emissions and
energy usage (and thereby the world energy economy) can be summarized as “30-40%".
Whereby globally, the energy sources are running scarce and carbon emission is at high

risk levels and continues to increase.

Most governments have chosen to invest in energy production plants in order to
cope with future potential energy shortages. Considering the lifecycle costs and ecological
impacts associated with such investments and compared with reducing energy
consumption, investing into new plants should be questioned as a proper action. In order to
mitigate the above mentioned risks and negative impacts, application of efficient active
and passive building technology systems and measures that reduce energy consumption,

both for new and existing buildings, could be a better solution.

Most of the developed and developing countries, including Turkey, have passed
laws, building codes and regulations to increase energy efficiency of buildings including

BEPY, TS825, BEPTR and ASHRAE 90.1 — 2007. In addition to these obligatory



measures, there are also voluntary certification systems including LEED, BREEAM and
Energy Star. All of these systems aim to reduce energy consumption and thereby also
challenge to reduce CO, emission through various constructions and retrofit applications
available for both existing and new buildings. If such measures and systems are not applied
to existing buildings at all, it will take approximately 30 years for half of the existing
buildings in Turkey to be new and energy efficient [25]; considering that the existing
residential stock in Turkey is 13.6 millions, that approximately 0.5 million units are being

built in Turkey every year, and that average building life time is 50 years.

Unfortunately, most of the readily available energy efficiency improvement
measures and systems are applicable to new buildings and only a few describe what can be
done for existing buildings. However, a comparison of demolishing non-efficient existing
buildings and building energy efficient new ones with retrofitting existing ones would
probably result in favor of retrofitting existing ones [6 - 8]. Turkey has high dependency on
foreign energy resources. In Turkey there are approximately 8.5 million existing buildings
out of which 92% do not comply with current energy efficiency regulations [9]. Therefore,

Turkey would greatly benefit from energy efficiency improvements through retrofit.

LEED EB (Leadership in Energy and Environmental Design, Existing Buildings)
[10], a popular green building rating system, can be considered a good example to
voluntary certification systems. This rating system compares the building in question with
a given “reference building” and thereby assesses the sustainability level of it from energy
and natural resources consumption, and CO, emissions point of view. This check is done
using the main features (area of the building, building use, number of occupants,
occupancy schedule, climate zone, etc.) and utility bills of the most recent 12 months of the

building.

Turkish Building Energy Performance Code (BEPY) [11], is a good example for
local building codes, addresses energy efficiency issues and includes both requirements

and recommendations. BEPY also requires that new buildings obtain “Energy Performance



Certificate (EPC)” of at least C grade at Certificate of Occupancy stage, where existing

buildings need to obtain the same certificate before 2017 only.

Turkish TS 825 [12] is another good example to local building codes that also is

referred to by BEPY and addresses issues related to insulation and heating systems.

US based ASHRAE 90.1 — 2007 [13] is one of the well known and internationally

recognized standard for building energy efficiency.

Some Universities and companies around the world have started their own
programmes (both physical improvements and behaviour change) to decrease
consumption, energy costs and carbon emission levels within the last decade, widely

known as “annual carbon footprint reporting” [14].

Intermediary energy efficiency advisory and finance companies called ESCOs
exist and advise building owners and inhabitants on possible improvements as well as
facility management and behavioral issues. It is also possible to find detailed case studies

on improvements on single existing buildings [15, 16].

The pioneering work conducted on retrofitting existing buildings in order to
increase their energy efficiency was done in 2001 [27]. The study is on residential
buildings in Belgium and concentrates on the impact of changing housing policies with
regards to new dwellings as well as retrofitting existing ones. The sensitivity studies
performed in the article show that with stricter housing policy regulations, with regards to
heating insulation, on new and existing residential buildings, CO, emissions can be
reduced by 31-36% by 2015 compared to 1990. The study however does not analyze
various available architectural and engineering EEMs and does not suggest a prioritization

among them.



One of most comprehensive analyses in energy efficiency field was conducted by
Verbeeck and Hens, 2007 [28]. This article involves wide range of issues including life
cycle cost analysis, embodied energy, environmental effects, multiple available EEMs,
sensitivities towards energy price changes, cost benefit analysis, and computer aided
optimization using genetic algorithms and pareto concept, for designing and building new
low energy residential buildings. The main findings of the research are; (i) it is important
to invest into a good level of building insulation as well as a well performing heating
system when building new homes, (ii) there are also other EEMs available but may not be
economically viable, (ii1) optimization is a useful tool for such analysis, (iv) embodied
energy resulting from EEMs is not a major decision criteria, and finally (v) building low
energy buildings is economically viable. The study however, does not concentrate on
existing buildings and does not provide a solution for a given limited budget. Also, the
genetic algorithm does not guarantee an exact optimum solution for the problem, and as a

heuristic approach it is quite complicated and requires expert knowledge.

Other studies that were conducted on energy efficiency recently (2005-2011), either
compare various EEMs applicable to a single building type or in detail analyze a single
EEM for single or multiple building types [29 - 32]. These articles share the results of the
EEM applications in terms of payback period, net present value and environmental effects
in detail, but do not suggest a selection process based on optimization. It is mentioned in
most of the literature that it is viable to consider renewable investments in line with EEM
retrofit actions and that the major decision criteria for improvement analysis are energy

and CO; savings versus investment costs.

As a result of this literature survey, a general approach applicable to all building
types that involves all energy efficiency measures does not exist. None of the so far
conducted studies involve a method and/or criteria to prioritize the available applications
(EEMs) according to their energy consumption, energy cost, and CO, emission. So, an
optimum combination of applications among many that are available may be chosen to fit

into a given budget.



The problem that this study tries to solve is:

e There are no practical mechanisms to improve energy efficiency for existing
buildings, which can resolve the cost and saving dilemma in terms of energy and

carbon, for all building types and usage functions.

e More specifically; it is globally accepted that investing into energy efficiency
improvements in existing buildings is qualitatively a good thing to do. Further on,
for commercial buildings it is even proven to be a feasible investment with high
returns [26]. However; the uncertainty about the financial and environmental
returns confuses the decision makers (investors, facility managers, local and central
governments) and prevents them from taking proper actions. This behavior and lack

of knowledge result in improper placement of funds.

This problem has been tackled by different disciplines [17, 18], but has not been
solved conclusively because it is a multidisciplinary problem. Until now, it has been
considered an architectural, engineering (electrical, mechanical, construction) and financial

issue.

This study proposes a joint solution using architectural, engineering, financial and
operations research expertise. Through this joint solution approach, an effective
prioritization among available options can be achieved, which may enable most proper
placement of funds. This way, efficiently prioritized energy improvement measures may

turn into an investment opportunity and model.

The objective of the present study is to come up with a decision-making algorithm
to improve energy efficiency for existing buildings applicable to all building types and
usage functions through mitigating the uncertainty of financial and environmental returns

of energy improvement in order to spend the available funds properly.

This study was conducted on a campus complex, rather than a single standalone
building, in order to; (i) include existing buildings of different functions, sizes, layouts,

levels of energy efficiency etc. into the analysis, and (ii) not to leave out the impact of



buildings on each other (if any), and the impact of common areas and common mechanical
systems on the energy efficiency of the whole complex. Another advantage of a university
campus is that the residents spend their complete daily life cycle within the buildings at the

site, which makes the study efficient in terms of representing larger living environments.

Although it would have been possible to choose other types of campuses such as
industrial, commercial, military, health or mixed use, a university campus that includes
functions such as office, classrooms, apartments, dormitories, restaurants etc. was chosen
since the present study also aims to support energy efficiency improvements carried out at
Bogazici University Kilyos Campus (BUKC). All buildings at BUKC have different
occupancy schedules and construction styles requiring different strategies of energy

efficiency improvements.



2. METHODOLOGY

The present study uses the following steps to achieve its goals;

o Identify all available EEMs for selected existing buildings (architectural and

engineering),

e Measure their current status in terms of energy consumption, energy cost and

carbon emission (engineering and financial),

e (alculate the key parameters that control energy efficiency in existing buildings

(engineering and financial),

e (Quantify all possible combinations and outcomes of available EEMs (operations

research).

BUKC consists of seven buildings, with a total flat area of 25040 m” and the current
number of students on the campus is 700. BUKC is located in Kilyos, a town located to the
north of Istanbul on the Black Sea coast which is subject to northern winds. The
temperature in Kilyos compared to Istanbul is colder, providing comfort in the summer,
but requiring extra heating in the winter. The Campus layout is as shown in Figure 2.1.
Current building codes, voluntary certification systems, interviews and site visits were

used to identify the EEMs described in Table 2.1.
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Figure 2.1. Bogazici University Kilyos Campus Site Layout.

Table 2.1. Selected EEMs and corresponding buildings.

First Dorm Prep School
Faculty Bldg Second
EEMs N-Block| S-Block| Apts |Bldg A| B | Hotel | Dorm
Optimization of domestic hot water system DI - - HI I1
Heating system piping insulation A2 B2 C2 E2 | F2 12
Renovation of boiler D3 - - -
Installation of thermostatic valves A4 B4 C4 - - 14
Change of light bulbs’ ballasts D5 G5 HS I5
Envelope insulation improvements - 6 cm A6 B6 C6 E6 | F6 16
Envelope insulation improvements - 5 cm A7 B7 C7 E7 | F7 17
Envelope insulation improvements - 4 cm A8 B8 C8 E§ | F8 I8
Installation of variable speed drive pumps D9 G9 19
Trombe wall application Al10 B10 - - - -
Creating sunrooms on roof and balconies - - E10 | - -




2.1. Measurement of Existing Status

The most recent energy consumption level is the main indicator of the current status
of existing buildings. The following were measured and calculated for each one of the
BUKC existing buildings: (i) electricity consumption (Table 2.2), (ii) natural gas
consumption (Table 2.3), (iii) total energy consumption ((i) + (ii)), (iv) energy cost, and (v)
CO; emission. IZODER’s TS 825 software [33] was used for calculating the shell U-values
of the buildings and their heating energy demand which demonstrates whether or not the
buildings comply with the local insulation codes. LEED [34] and Energy Star software
[35] were used to assess the energy consumption and CO, emission levels. Average energy
(natural gas and electricity combined) consumption levels and other key parameters of the
buildings are described in Table 2.2.

Heating Ventilation and Air Conditioning (HVAC), domestic hot water (DHW),
lighting and consequently building envelope are main sources of energy consumption in
buildings. Ventilation and Air Conditioning systems do not exist in BUKC buildings.
Therefore, the heating system is the main source of energy consumption and CO,
emissions within the campus. The heating system and its main components in BUKC

buildings is briefly described in Figure 2.2.

Table 2.2. Yearly average energy consumption levels of the buildings (2009-2010).

Electricity | Natural Gas| Total
Total Consumption (kWh) 979480 2276839 |[3256319
Total Emission (kg COz) 604339 532780 [1137119
Consumption per person (kwWh) 1152 2679 3831
Energy Use Intensity (kWh/mZ) 130
Carbon Emission per person (kgCO2/person) 1338
Carbon Emission per unit area (kg COz/mZ) 45




Table 2.3. Yearly natural gas consumption and Heating Degree Days (HDD).

year 2007 2008 2009 2010
N. Gas N. Gas N. Gas N. Gas
Consump. Consump. Consump. Consump.
month | (kwh) [HDD| (kWh) |HDD (kWh) HDD| (kwh) [HDD
Jan 290 435 41909 344 | 529614 | 357
Feb 281 336 54201 316 | 684941 | 291
March 258 210 51558 318 | 651548 | 314
April 188 104 518900 235 | 447113 | 194
May 10 64 313024 36
June 3032632 2478243 125035
July 52624
August 56071
Sep 46734
Oct 27 28 126189 27
Nov 215 152 332147 170
Dec 328 288 558446 246
Table 2.4. Yearly electricity consumption.
2007 | 2008 | 2009 | 2010
Electricity| kWh | kWh | kWh | kWh
Jan 47610 82879 193909
Feb 49680 25065 70210
March |65550 143132( 52126
April 64101 | 28980 | 141479195220
May 562351 67620 | 26923
June 48024 68310 | 80040
July 51750135223 | 62777
August [64170]|173755]| 80665
Sep 106127] 49269
Oct 57882 81034 | 79643
Nov 595881 99492 | 98381
Dec 65736 | 109227

10
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Figure 2.2. The heating system and its main components in BUKC buildings.
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Currently there is no control or measurement of combustion efficiency of boilers
that produce space and domestic hot water heating for the buildings. The current boilers
are cast, old fashioned large capacity boilers. There is generally one boiler for one
building which makes the boilers operate most of their lifetime at partial loads. For boilers,
partial load operation can be interpreted as efficiency loss because they are designed for
particular capacities and are most efficient at those capacities. In order to be efficient at
partial loads as well, the capacity can be divided into several pieces and the type of the
boilers can be changed to condensation type boilers which benefit from the latent heat in

water vapour. This decreases the flue gas temperature and CO, emissions.

The heating system loop pipes are not compatible with the relevant national
standards and a significant amount of heat is lost due to poor isolation. In addition, there is
poor application quality in some places where isolation is applied. The valves which
should also be insulated are generally open to outdoor and cause heat loss. If proper

insulation is applied, a significant amount of energy can be saved.

Currently, there is no thermostatic valve use in BUKC, leading to inefficient
operation; meaning excess heating, less comfort, excess natural gas consumption, higher
CO; emissions and higher energy costs. Old fashioned radiator valves are being used with
panel radiators causing excess heating if not controlled regularly and manually. The
thermostat’s sensors used at Fan Coil units can easily be interrupted by the hot air blown
by the fan-coil unit leading to wrong sensing values and wrong operation schedule. This
type of application mistakes should be corrected in order to maintain correct operation of

equipments.

The domestic hot water tanks are not controlled as per to industry standards. For
example, the domestic hot water is heated up to almost 60°C in some of the domestic hot
water storage tanks where 45°C is already sufficient. In addition, the hot water tanks which
are in parallel operation are installed in a way that they might target and come up with
different temperatures causing a fluctuating operation of hot water tanks leading to
sometimes excess heating and sometimes poor heating. Therefore, the domestic hot water

tank installations and setpoints need to be checked and revised.
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According to BEPY, the heating loop pumps should be variable speed. The current

pumps are relatively old and low efficient constant speed pumps.

According to the new classification system in EU, the used wet rotor circulation
pumps are labelled as D or E level energy efficient. They should be replaced with A or B

level energy efficient wet rotor pumps, to save on energy, noise and vibration.

There are skylights in some of the buildings as part of the architectural design.
However, it is made of polycarbonate, which performs poorly when it is comes to
insulation and heat transfer. In winter, the heated air rises and gets lost up in the atrium. In
summer, the skylight attracts heat into the building. Changing this to low-E type double
pane glasses will have better insulation values and respectively lower SHGC (solar heat

gain coefficient) values preventing the solar radiation heat transfer into the building.

The buildings’ shell’s insulation material is XPS as required by TS 825. Samples
were taken from some of the buildings to see the XPS application and all the other
constructional elements to prescriptively calculate the overall U-value of exterior walls.
The findings were inputted into the IZODER TS 825 software which outputs the
compliance of the buildings with TS 825. The fagade details including exterior walls,
fenestrations, slab-on-grade floors, roofs, beams&columns are fed in to the software and
the outputs show that the buildings generally do not totally comply with TS 825. A retrofit
of exterior wall and roof insulation can be considered to comply with TS 825 and improve
insulation leading to better heating energy performance. Moreover, a tromble wall
application can also be thought for some fagades of the building to harvest sun energy and

use for insulation and heating purposes.

Lighting is one of the main energy consuming systems especially in educational
buildings. During the site visits, it was observed that most of the lamps are already shifted
into fluorescent type which performs well energy efficiencywise. However, the number of
lamps for each room or zone, lighting power densities, ballast types also need to be
investigated to see the universal performance of the lighting systems in BUKC based on
ASHRAE/IESNA 90.1 — 2007. Additionally, common circulation areas such as corridors

and toilets are not equipped with movement sensors.
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Figure 2.3-17 are pictures of findings and measurements that were conducted in

BUKC in the summer of 2010.

Figure 2.3. Heating System Pumps.
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Figure 2.5. Radiator Valves.

Figure 2.6. Fan Coils.
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Figure 2.7. Boilers.

Figure 2.8. Heating System Valves.



Figure 2.9. Building Insulation.

>~/

Figure 2.10. Skylight.




Figure 2.11. Building Insulation.

Figure 2.12. Lighting.




19

Included into
Optimization:
Biomedical A Bldg

, Sunroom in the roof

Figure 2.13. Prep School — Building B.
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Figure 2.14. 1st Dorm — N Block.
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Figure 2.16. 1st Dorm — Faculty Apartments.
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Figure 2.17. Hotel.

2.2. Calculation of Key Parameters that Influence Energy Efficiency in Existing

Buildings:

The following key improvement parameters for each one of the available EEMs are

calculated and shown in Figure 2.18.
e Energy savings/investment (kWh/year/USD investment),
e Energy cost savings/investment (USD savings/year/USD Investment),

e (CO;emission reductions/investment (kg CO,/year/USD Investment).
The following main systems are in place in BUKC buildings:

e Space Heating
e Domestic Hot Water Heating

e Lighting
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The following systems do not exist in BUKC buildings:

Air Conditioning

Fresh air Ventilation (Mechanical)

Therefore, the following energy efficiency measures were not included into this

study, since actions on these systems will not save energy.

Chiller or AC equipment capacity utilization (variable speed compressors,

efficient compressor type retrofit, etc.)
Chiller or AC equipment type and COP — retrofit of chiller
Chiller or AC equipment refrigerant type and quantity

Chilled water distribution system elements and their control (variable speed

pumps, etc.)

AC equipment refrigerant distribution system control (variable refrigerant flow

type AC equipment retrofit)

Air Handling Unit’s heating / cooling coil energy consumption reduction by

motorized valves and variable speed circulation pumps,

Air Handling Unit fresh air flow rates and demand control ventilation based on
CO; sensors in regularly occupied breathing zones or densely occupied spaces

like conference rooms, etc.

Heat receovery wheel applications in air handling units to reduce
heating/cooling coil energy demand for the purpose of preconditioning outdoor

air,

Filter type and effectiveness evaluation in air handling units to maintain a high

level of indoor air quality.
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Figure 2.18. Improvement parameters and related data for EEMs.
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2.2.1. Envelope Insulation Improvement

The insulation level of the buildings within the campus do not comply with TS
825. In order to get these buildings at a TS 825 satisfying level, additional layers of
XPS application shall be done. Better insulation leads to less heating demand, less
heating energy consumption which would cause less natural gas consumption and CO,
emission. The details of the application, investment levels, associated savings in kWh

and CO, are shown in Table 2.5-7.

TS 825 software is used in order to calculate the annual heating energy savings
due to envelope insulation improvement actions. TS 825 is the national standard for
insulation of the buildings and TS 825 software is the tool developed for calculation
and verification of the buildings’ annual heating energy whether they comply with the
standard. All the buildings evaluated under this improvement action have been defined
in this software and each scenario of those buildings with different insulation material
thicknesses have been evaluated in it. The outputs of TS 825 software for each building

and for each scenario are attached in Appendix A.

Current status of the buildings are also defined in TS 825 software so that a
comparative analysis among current status and improved statuses of buildings can be
made in terms of annual heating energy consumption. Based on the comparative values
of TS 825 software output data among current status and proposed alternative statuses,
current actual annual heating energy consumption value of a building is taken as
reference to calculate what the annual heating energy consumption value of that
building would be if an alternative insulation material thickness is applied.
Additionally, quotes are taken from the insulation market for the cost of these

improvement actions.

By using calculated energy savings based on actual data and comparative TS
825 output data, equivalent CO, emission savings are also calculated by using the

emission factors defined in BEPY. In addition, savings in terms of energy costs are
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calculated by using the unit prices published by Istanbul Gas Distribution Utility
(IGDAS).

Table 2.5. Envelope Insulation Retrofit — 6 cm XPS.

- Energy Efficiency Annual Performance
EEM| Building Measure Current Status Status after EEM Cost (Saving/Reduction) Results
$
- - - eq. k
Code|Name/Block|  Description Description Description usb l.(Wh Saving/ & *9
Saving/year vear CO,lyear
Ist Dorm - (Envelope Insulation {3cm XPS application - poor 6 cm XPS application - application as per TS
A6
North Block [Retrofit - 6 cm XPS |quality in laboring and material ~ |825 requirements with no thermal bridge e Bl
B6 Ist Dorm - [Envelope Insulation 3cle}l’S apphlcatlon - poor . 6cm XPS apphcatlgn - application a§ per TS | o561 3811 "
South Block |Retrofit - 6 cm XPS |quality in laboring and material 825 requirements with no thermal bridge
6 Ist Dorm - [Envelope Insulation 3cle}?S apphlcatlon - poor . 6cm XPS apphcatlgn - application a§ per TS ol 2139 1004 6395
Apartments  [Retrofit - 6 cm XPS |quality in laboring and material ~ |825 requirements with no thermal bridge
Prep School - [Envelope Insulation |, . . . 6 cm XPSS application - application as per TS
E6
Block A Retrofit - 6 cm XPS No insultion 825 requirements with no thermal bridge | 136501 Sl et
F6 Prep School - (Envelope Insulation 3chXII’S apphlcatlon - poor . 6cm XP.S apphcatpn - application a§ per TS ol 60 2544 Q1
Block B Retrofit - 6 cm XPS |quality in laboring and material ~ |825 requirements with no thermal bridge
16 bnd Dorm Envelope Insulation 3cle}l’S apphlcatlon - poor . 6cm XPS apphcathn - application a? per TS 1008|928 o 217
Retrofit - 6 cm XPS |quality in laboring and material ~ |825 requirements with no thermal bridge
Table 2.6. Envelope Insulation Retrofit — 5 cm XPS.
- i Annual Performance
EEM| Building Energy Effciency Current Status Status after EEM Cost ; .
Measure (Saving/Reduction) Results
o -, . wn |5 | eqkg
Code[Name/Block|  Description Description Description usb . Saving/
Saving/year CO,lyear
year
A7 Ist Dorm - Envelope Insulation 3cm.X1?S appli.cation - poor . Scm XPS applicatiqn - application a§ per TS 0550l 81789 3003 19139
North Block [Retrofit - 5 cm XPS |quality in laboring and material {825 requirements with no thermal bridge
Ist Dorm-  (Envelope Insulati XPS application - XPS application - applicati T
g7 [1stDom nvelope Insulation 3cm. lSapp lca ion poor‘ Scm Sapp catlgn application a? per TS o0l 81210 200 19003
South Block |Retrofit - 5 cm XPS |quality in laboring and material (825 requirements with no thermal bridge
7 Ist Dorm -  {Envelope Insulation 3chXII’S applilcation - poor . Sem XPS applicatioﬁ - application a§ per TS sl amse 855 5449
Apartments  |Retrofit - 5 cm XPS |quality in laboring and material (825 requirements with no thermal bridge
Prep School - (Envelope Insulation | . . 5 cm XPS application - application as per TS
E7
Block A Retrofit - 5 cm XPS No nsaton 825 requirements with no thermal bridge 05| 15200 535
P hool - |Envelope Insulati XPS application - XPS application - applicati T
g7 [Prep School - | Envelope Insulation 3cm. . Sapp lca ion - poor ‘ Scm S app catlgn application a? per TS sl som w7 13870
Block B Retrofit - 5 cm XPS |quality in laboring and material ~ |825 requirements with no thermal bridge
17 ond Dorm Envelope Insulation 3chXII’S apphlcatlon - poor ' Scm XPS apphcatpn - application a§ per TS | 9314 012 18559
Retrofit - 5 cm XPS |quality in laboring and material ~ |825 requirements with no thermal bridge
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Table 2.7. Envelope Insulation Retrofit — 4 cm XPS.

- Energy Efficiency Annual Performance
EEM| Building Measure Current Status Status after EEM Cost (Saving/Reduction) Results
- - - kWh § eq. kg
Code|Name/Block|  Description Description Description usb . Saving/
Saving/year CO,lyear
year
A8 Ist Dorm - |Envelope Insulation |3cm XPS application - poor 4 cm XPS application - application as per TS 27055 61993 276 14506

North Block |Retrofit - 4 cm XPS |quality in laboring and material ~ |825 requirements with no thermal bridge

B8 Ist Dorm -  |Envelope Insulation 30@ Xl"S apph'canon - poor ' 4cm XPS apphcano'n - application a? per TS 27055 61948 2075 14496
South Block  |Retrofit - 4 cm XPS |quality in laboring and material ~ |825 requirements with no thermal bridge

cs Ist Dorm-  |Envelope Insulation SCm‘XE"S appl{catlon - poor ' 4cm XPS apphcangn - application a§ per TS 13436 17706 650 an
Apartments  [Retrofit - 4 cm XPS [quality in laboring and material 825 requirements with no thermal bridge
Prep School - |Envelope Insulation . . 4 cm XPS application - application as per TS

E8
Block A Retrofit - 4 cm XPS Noinsulation 825 requirements with no thermal bridge 26305| 143914 538 3414

Fs Prep School - |[Envelope Insulation 3cm‘XF"S appl{catlon - poor ' 4cm XPS apphcatlgn - application a§ per TS ass|  ass7s 1674 10664
Block B Retrofit - 4 cm XPS |quality in laboring and material ~ |825 requirements with no thermal bridge

18 |2nd Dorm Envelope Insulation |3cm XPS application - poor 4 cm XPS application - application as per TS 670 60237 ni2 14095

Retrofit - 4 cm XPS |quality in laboring and material ~ [825 requirements with no thermal bridge

2.2.2. Trombe Wall Application and Sunroom on the Roof

To better improve the performance of the buildings over TS 825 level, trombe
wall application can be done on the south fagades of the buildings as shown in Figure
2.19 and Figure 2.20. For this reason, 1st Dorm-North building’s and 1st Dorm-South
building’s fagades facing south have been evaluated and found reasonable to apply
trombe wall solution. The details of the application, investment levels, associated

savings in kWh and CO, are shown in Table 2.8.

There are skylights in some of the buildings as part of the architectural design.
However, it is made of polycarbonate which performs poorly when it is comes to
insulation and heat transfer. In winter, the heated air rises and gets lost up in the atrium.
In summer, the skylight attracts heat into the building. It is obvious that changing this
design to a sunroof using low-E type double pane glasses have better insulation values
and respectively lower SHGC (solar heat gain coefficient) values. The main difference
in energy efficiency would be experienced in heating because there are currently no
active cooling systems installed in the buildings. For this reason, Prepschool Block A’s
roof having polycorbonate skylight has been evaluated and found reasonable to apply

contemporary sunroof solution.
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Other passive improvements have also been studied during the field visits:

e Natural ventilation: making use of wind power and warm air rising/cold air
sinking and thereby transferring cool air in the buildings between openings

strategically placed at low and highly located places [24].

e Heating rooms: using rooms that have access to south sun in winter as
heating spaces and transferring the warm air to the north side cold spaces
through louvers located at the top and bottoms of interior doors. Heating

rooms are shown in Figure 2.21 and Figure 2.22.

The annual energy savings in heating energy is calculated by using the same
software used in envelope insulation improvement action, TS 825 software. The
current status of the buildings and the status after the proposed actions are applied
are simulated in this software and the output data of the software is used in
comparative terms by applying on the actual data. Annual heating energy demand
of buildings is calculated in TS 825 software. For example, current status of
building is expected to consume 100 kWh and 80 kWh after the proposed
improvement action is applied. This refers to 20% savings based on TS 825
software. This savings percentage is then applied on the actual annual heating
energy of the building in order to calculate the actual savings that should be
expected for that specific improvement action. Additionally, quotes are taken from
the contractors for the cost of these improvement actions. By using calculated
energy savings based on actual data and comparative TS 825 output data,
equivalent CO; emission savings are also calculated by using the emission factors
defined in BEPY. Savings in terms of energy costs are calculated by using the unit
prices published by Istanbul Gas Distribution Utility (IGDAS). Energy saving and

retrofit cost calculation tables are attached in Appendix B.
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Figure 2.19. Trombe Wall Application — Building Section.
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Figure 2.20. Trombe Wall Application in Detail — Floor Section.
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Figure 2.21. Heating Room Application — Plan.
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Figure 2.22. Heating Room Application in Detail — Floor Section.

Table 2.8. Passive Measure.

Annual Performance

EEM| Building Energy Efficiency Measure Current Status Status after EEM Cost (Saving/Reduction) Results
Code| Name/Block Description Description Description usD kWh Sang | $Saing | eq kg COz
Iyear Iyear |year
Ist Dorm - Passive Measure - Trombe Wall |No trombe wall, just | Trombe wall applied, over TS
Al10 65655 31912 1172 46
North Block  [Application on South Fagade standard exterior wall 825 standard exterior wall 7 o1
B10 Ist Dorm - Passive Measure - Trombe Wall [No trombe wall, just | Trombe wall applied, over TS 65655 31890 17 7462

South Block  |Application on South Fagade standard exterior wall (825 standard exterior wall

Passive Measure - Sunroom
Application on the Roof where
there's skylight currently

Prep School -
Block A

Poor performance Sunroof application using low-
polycarbonate skylight |E double pane glass

E10 119824 65837 2418 15406

2.2.3. Boiler Capacity Utilization and Type

The boiler serving to 1st Dorm North &South and Apartments are evaluated. There
is a boiler of 875000 kcal/h capacity. They are cast iron old fashioned large boilers which
have poor efficiency in partial loads. If the boiler is changed with a condensing type

smaller capacity of ~500000 kcal/h (divided into 10 smaller boilers operating in cascad
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mode), the system can still serve comfortably and the resulting outcome turns out to be as

shown in Table 2.9.

Annual heating energy consumption difference regarding this improvement action
originates from the boilers’ full load and partial load thermal efficiencies. At full load,
existing boiler has 75% nominal efficiency whereas the condesing boilers have
approximately 98% nominal efficiency. Additionally, existing boiler has a large capacity
leading to a situation of partial load operation 90% of the time. At partial load, old
fashioned cast iron boilers cannot maintain the nominal efficiency and the operation
becomes less efficient. However, the proposed improvement action offers a cascade system
in which the total capacity is divided into 10 smaller capacity boilers that provides the
boilers operate at their nominal efficiency almost 100% of the time. The annual operation
hours, fuel calorific value, fuel unit price are taken from Turkish Mechanical Engineer’s
Chamber’s publications and Istanbul Gas Distribution Utility (IGDAS). Additionally,
quote is taken from a boiler manufacturer for the cost of this boiler retrofit. Energy saving
calculations are based on universal heating energy formulas shown below and detailed in

Appendix C.

AnnualEner gyDemand (kWh) 2.1)
NormOperationalEff x FuelCalorificValue (kWh / m3)

Annual Fuel Consumption (kg)

Annual Fuel Cost (EUR) = AnnualFuelConsumption(m*)x FuelUnitprice(TL / m?) (2.2)

Table 2.9. Boiler Retrofit.

- Energy Efficiency | Current Annual Performance
EEM | Building Measure Status Status after EEM Cost (Saving/Reduction) Results
i eq. k
Code |Name/Block] Description Description Description usD KWh $ Saving o xg

Saving/year| /year |CO,lyear

Boiler retrofit by Old. cast New technology, steel,
IstD - ity utilizati ? densi Iti |
pg |\stDorm-|capacityutlization 1, G oo |condensing multismal o yog0 | os000s | 10182 | 58501
ALL with high efficiency | . boil size boilers operating in
size boilers

in partial loads an integrated fashion
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2.2.4. Heating Loop Piping Insulations

Heating water distribution system is composed of pipes, valves and circulation pumps.
In Bogazici University Kilyos campus buildings, the heating loop pipes are either not
insulated or poorly insulated. If proper insulation is applied, a significant amount of energy
can be prevented to be lost to environment and natural gas consumption, CO, emissions,
energy costs can be mitigated. The energy saving calculations are based on proposed
insulation levels for heating water pipes outlined in BEPY. The savings are calculated
based on unit heat loss values shown in Table 2.10 by measuring the approximate heating
loop pipe length with no or poor insulation. That unit heat loss values for uninsulated
pipes are multiplied by length of pipes exposed to non conditioned spaces. The total heat
loss calculated for the equivalent total lenght of pipe is multiplied by heating hours in order

to find out the annual heating energy loss.

Additionally, quote is taken from a mechanical contractor for the cost of this heating
loop piping insulation retrofit. Savings in terms of energy costs are calculated by using the

unit prices published by Istanbul Gas Distribution Utility (IGDAS).

The improvements are quantified through Table 2.11 and calculations are detailed in

Appendix D.

Table 2.10. Calculation table for Heating Loop Piping Insulations [19].

Heat loss W/m
Pipe Outer diameter | 90/70 °C room temp. | 0.1 Atu vapor room temp.

DN | Inch mm 10 20 10 20

15| 12 21.3 73 60 99 86

20 | 3/4 26.9 90 73 121 105
25 1 33.7 106 87 143 124
32 1 11/4 42.4 131 108 180 156
40 | 112 48.3 148 121 201 173
50 2 60.3 180 148 244 212
65 [212 76.1 221 181 299 260
80 3 88.9 250 207 341 295
100 4 114.3 314 261 430 372




Table 2.11. Heating Loop Piping Insulation Retrofit.
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- Energy Efficiency Annual Performance
EEM| Building Measure Current Status|  Status after EEM Cost (Saving/Reduction) Results
kWh $ eq k
Code | Name/Block Description Description Description USD |Saving/ye|Saving/ye COZ"/ySar
ar ar
. - Properly insulated as per
1st Dorm - Heating Loop P
A2 | 5o catng Loob PIPME 1\ inculation  |local "Buildings Energy | 1071 | 23443 | 955 5486
North Block |Insulation Retrofit L
Performance" directive
. .. Properly insulated as per
Ist Dorm - Heating Loop Piping . . Yo
B2 N I local "Buil E 1071 2344 4
South Block [ Tnsulation Retrofit o insulation ocal "Buildings . ner.gy 07 3443 955 5486
Performance" directive
. .. Properly insulated as per
Ist D - Heating L P
c2 [StPom catng Lo TIPS 1\, insulation  |local "Buildings Energy | 964 | 21099 | 859 4937
Apartments  |Insulation Retrofit .
Performance" directive
Prep School - |Heating Loop Pipin, Properly insulated as per
E2 P © LOOP TIPS |\) insulation  |local "Buildings Energy | 2330 | 50989 | 2077 | 11931
Block A Insulation Retrofit L
Performance" directive
. - Properly insulated as per
Prep School - |Heating Loop P
F2 | [eP SCRoOt- | Heating Loop TIPIE |\ julation  [local "Buildings Energy | 6750 | 229189 | 9335 | 53630
Block B Insulation Retrofit .
Performance" directive
. .. Properly insulated as per
12 |ondDorm  |Lcdting Loop Piping o o tion  [local "Buildings Enerey | 1969 | 43077 | 1754 | 10080
Insulation Retrofit .
Performance" directive

2.2.5. Thermostatic Radiator Valves and Room Temperature Setpoint Optimization

Currently, there is no thermostatic valve application or use in Kilyos campus which
leads to inefficient operation meaning excess heating, less comfort, excess natural gas
consumption, higher CO, emissions and higher energy costs. The old fashioned radiator
valves are used with panel radiators causing excess heating if not controlled regularly and

manually.

Based on Table 2.12, 2°C excess heating refers to 17.1% excess fuel consumption
and this value is used in energy saving calculations for this improvement action’s saving
parameters. This improvement action assumes 2°C decrease in room temperature setpoint
for heating season. Additionally, quotes are taken from the thermostatic valve suppliers.
Savings in terms of energy costs are calculated by using the unit prices published by

Istanbul Gas Distribution Utility (IGDAS).

This improvement was calculated per Table 2.13 and detailed in Appendix E.
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Table 2.12. Calculation table for Thermoststic Valve Installation in all Radiators [20].

Increase ratio in fuel | Increase ratio in fuel
consumption when consumption when
Fuel Consumption temperature is temperature is

(000 m3/year) increased 1°C increased 2°C

20 °C| 21 °C|22 °C| Theoretical | Realized | Theoretical | Realized

Ankara| 701 | 747 | 793 6.60% 8% 13.10% 16%

Istanbul| 729 | 792 | 854 8.60% 10% 17.10% 20%
Izmir | 592 | 647 | 701 9.30% 11% 18.40% 22%

Antalya| 491 | 542 | 593 10.40% 12% 20.80% 24%

According to the above table of Turkish Sanitary Engineers' Association, the shift
into thermostatic valves and following their correct adjustment to achieve correct heating

setpoints for all zones will result in significant savings.

Table 2.13. Thermostatic Valve Installation in all Radiators.

Annual Performance
Status after

EEM| Building Energy Efficiency Measure Current Status EEM Cost (Saving/Reduction)
Results
$
. L e kWh . eq. kg
Code|Name/Block Description Description Description | USD Sainglyear Sz;\::rg/ COuyear
Thermostatic valve installation in all
Ist D - . . No th tatic |Th tati
VR e radiators to avoid excess space o fhermostatic e@os S 5850 61050 | 2486 | 14286
North Block . . . valves valve installed.
heating and saving heating energy.
Thermostatic valve installation in all
Ist D - No th tatic |Th tati
B4 | PO radiators to avoid excess space 0 Hictostatic errr.10s aue 5850 60764 | 2475 | 14219
South Block valves valve installed.

heating and saving heating energy.

st Dorm Thermostatic valve installation in all No thermostatic | Thermostatic
C4 radiators to avoid excess space . 1300 17402 709 | 4072
Apartments valves valve installed.

heating and saving heating energy.

Thermostatic valve installation in all No thermostatic | Thermostatic
14 |2nd Dorm  [radiators to avoid excess space . 9100 63969 | 2605 | 14969

. . . valves valve installed.
heating and saving heating energy.

2.2.6. Domestic Hot Water Heating

The setpoint temperature of hot water preparation is decreased from 60°C to 45°C

which is more convenient for domestic usage. The savings are summarized in Table 2.14.

The hot water setpoint is very high for domestic use. So, the setpoint is proposed to

be adjusted to a lower and reasonable value. This causes 15°C less heating for the domestic
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water heating. If the mains supply water is assumed to be 10°C, the delta T for domestic
hot water heating is 60 — 10 = 50°C at the current status. If the setpoint is revised to 45°C
the delta T for domestic hot water heating would be 45 — 10 = 35°C. Domestic hot water
demand per person per day is assumed to be 30 litres/day according to general mechanical
design assumptions. This delta T reduction for heating leads to substantial energy savings

in domestic hot water heating.

Only a few valves and labor costs are assumed to be the costs for this improvement
action. Therefore, this improvement action can be thought of low cost or almost no cost
improvement action that will have the best payback period. Savings in terms of energy
costs are calculated by using the unit prices published by Istanbul Gas Distribution Utility

(IGDAS). Saving and energy consumption calculations are described in Appendix F.

Table 2.14. DHW Heating Setpoint Optimization.

- Energy Efficiency Status after Annual Performance
EEM Building Measure Current Status EEM Cost (Saving/Reduction) Results
Code| Name/Block Descript Description | Descripti 0D | M | saigy| 00
oae ame/bloc escription escription escription Saving/year a\él:f y COalyear
Al |ist Dorm - North DH.W.He.atlng Setpoint |Heating Setpoint |Heating Setpoint Applied 13334 1358 7800
Optimization 60 °C 45°C ogether
DHW Heating Setpoint |Heating Setpoint Heating Setpoint .
BI |15t Dorm- South |- FcAg Setpoit [Hleating Setpomt [Hleating Sepoint | iy 4y | 33334 | 1358 | 7800
Optimization 60 °C 45°C
IstD DHW Heating Setpoint_[Heating Setpoint Heating Setpomt |- ocks
cp |1stDorm- W e.amg etpoin e;alng etpoin eftmg etpoin of Ist Dorm| 10158 414 2377
Apartments Optimization 60 °C 45°C
D1 |ist Dorm - ALL DH‘W‘He'atlng Setpoint |Heating Setpoint |Heating Setpoint 1250 276807 3129 17977
Optimization 60 °C 45°C
i1 Hotel DH.W.He.atmg Setpoint He;atlng Setpoint Heiltmg Setpoint 500 3005 134 771
Optimization 60 °C 45°C
11 |ond Dorm DH‘W‘He'atlng Setpoint |Heating Setpoint |Heating Setpoint 1250 55557 263 13000
Optimization 60 °C 45°C

2.2.7. Heating Loop Circulation Pumps

Currently the pumps being used are constant speed. To decrease energy
consumption, variable speed drive pumps are considered to operate at a speed that matches
the demand rather than working at the maximum speed at all times. Detailed calculations

are described in Appendix G. Cost assumptions for replacing the pumps are gathered from
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quotations obtained from pump suppliers. Savings in terms of energy costs are calculated
by using energy prices published by BEDAS (Istanbul Electricity Distribution Utility).

Results are summarized in Table 2.15.

Table 2.15. Heating Water Circulation Pumps Retrofit.

- - Annual Performance
EEM| Building Energy Efficiency Measure Current Status Status after EEM Cost (Saving/Reduction) Results
Code | Name/Block Descripti Descripti Descripti uUsD KWh s saings °a kg
oade ame 0oC escription escription escription Saving/year aving/year COulyear
Lst Dorm Heating Water Circulation Old, constant speed, |New, variable speed,
D9 ALL Pumps Retrofit by Variable inefficient circulation |demand controlled 3750 4455 597 2749
Speed Drive Pumps pumps circulation pumps
Prep School Heating Water Circulation Old, constant speed, [New, variable speed,
G9 ALIIi Pumps Retrofit by Variable inefficient circulation |demand controlled 6250 11880 1592 7330
Speed Drive Pumps pumps circulation pumps
Heating Water Circulation Old, constant speed, [New, variable speed,
19 |2nd Dorm Pumps Retrofit by Variable inefficient circulation |demand controlled 3750 5940 796 3665
Speed Drive Pumps pumps circulation pumps
2.2.8. Lighting

All of the lighting within the buildings in the campus are counted room by room
and a detailed schedule was prepared in the form of a list (Appendix H). In these lists, first
of all, the lighting power densities under the current circumstances are benchmarked with
the ASHRAE/IESNA 90.1 — 2007 minimum requirements. The basis of the allowed total
power is ASHRAE/IESNA Standard 90.1 — 2007 which is the reference standard used by
LEED. Kilyos campus buildings have 19.5% higher lighting power than a green building’s

maximum allowable lighting power.

The conventional ballasts used with flourescent lamps have a high level of loss of
energy. For example, for 36 Watts lamps, the power consumed from the mains supply is 48
— 50 Watts depending on the quality of the mechanical ballast. This corresponds to over
30% loss of energy in mechanical ballasts which are currently used in Kilyos campus
buildings. Therefore, current ballasts’ loss is assumed to be 30% in Kilyos campus which
is a reasonable value for all power ranges of flourescent lamps. The new generation
electronic ballasts have much lower loss of energy within the ballasts. For the same 36
Watts lamp, the power consumed from the mains supply is 38-39 Watts depending on the
quality of the ballast. This corresponds to 5-8% loss of energy in electronic new generation

ballasts. Therefore, it is assumed to have 8% ballast loss in the proposed improvement
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action calculations which is the highest level of loss expected for electronic ballasts.

Savings are summarized in Table 2.16.

Quotes are taken from a ballast and lighting fixture suppliers for the cost of this
ballast type retrofit. Energy saving calculations are based on this ballast loss difference. In
addition, savings in terms of energy costs are calculated by using the unit prices published

by Istanbul Electricity Distribution Utility (BEDAS).

Table 2.16. Lighting Ballast Retrofit.

EEM| Building Ene :\% Esfﬂiée ney Current Status Status after EEM Cost (Sa\ﬁ‘:;;:; gjg;:);??::ul s
Code | Name/Block Description Description Description usD Savmxear $ Saving/year ng'/tsar
D5 ll\SIt_f oM Lighting Ballast Retrofit ﬁ;ﬁfg‘g’ml Ballast |1 cironic Balast Lighting | 10938 | 24599 3296 15178
G5 eri School - - hting Ballast Retrofit g;;?;:cal Balast | 1 ctronic Balast Lighting | 12500 | 37426 5015 23002
H5 [Hotel Lighting Ballast Retrofit ﬁ;ﬁfgzjcal Ballast | g1 cironic Balast Lighting | 1563 1972 264 1216
I5 |ondDorm  |Lighting Ballast Retrofit ﬁ;;f;;“l Ballast | 1 ctronic Balast Lighting | 6250 | 17200 2305 10613

Just by changing the ballast types into the electronic ones, the existing lighting
fixture can consume 1.7% less than the LEED’s max. allowable lighting fixture schedule.
This would save 81197 kWh electricity when compared with the current magnetic ballast

type and current lighting fixture installations.

2.3. Quantifying Possible Combinations and Outcomes of Available EEMs

An algorithm is needed in order to prioritize and combine the available EEMs
described in Chapter 2.2 in an optimized way, in order to achieve the most benefit for a
given budget. The most efficient way to prioritize EEMs, which will be utilized for both

MIP and heuristic models, is to align them according to [yearly savings/investment
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amounts] from higher to lower and start to invest from the highest one until a given budget
is met. [Saving/investment amount] is the key criteria representing the efficiency of each

EEM for every unit of investment.

e Energy Savings / Investment Amounts [kWh/year/USD]
e Energy Cost Savings / Investment Amounts [USD/year/USD]
o (CO; savings / Investment Amounts [kgCO,/year/USD]

However, this method would not result in the most optimum way of combining all
EEMs for a given budget, since not all possible combinations can be calculated and
scrutinized manually, especially if the options are multiple and the budget is high. The
identified EEMs, existing status and calculated key parameters can be summarized in

Table 2.17.

For most proper placement of funds while retrofitting existing buildings for energy
efficiency, an optimization is required to prioritize and combine the EEMs and spend the
budget in the most feasible way. There are three fundamental parameters that need to be

taken into account during such an optimization process:

e Investment cost for each EEM
e Annual savings of energy or energy cost or CO, for each EEM

e Budget

Such an optimization process would need to take into consideration the following

objectives; “Maximize Energy or Energy Cost or CO, savings”.

In addition, it needs to meet the following criteria;

e Do not exceed the budget.

e Do not combine technically inappropriate EEMs.

For example if we were to analyze several EEMs for Building “2nd Dorm”, the

process is shown in Figure 2.23.
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Table 2.17. Identified EEMs, existing status and calculated key parameters.

Annual Performance (Saving/Reduction)

EEM | Investment Results
kWh eq. kg
Code usD Savinglyear |$ Savinglyear| COslyear
D1 1250 76827 3129 17977
H1 500 3295 134 771
11 1250 55557 2263 13000
A2 1071 23443 955 5486
B2 1071 23443 955 5486
C2 964 21099 859 4937
E2 2330 50989 2077 11931
F2 6750 229189 9335 53630
12 1969 43077 1754 10080
D3 41250 250005 10182 58501
Ad 5850 61050 2486 14286
B4 5850 60764 2475 14219
C4 1300 17402 709 4072
14 9100 63969 2605 14969
D5 10938 24599 3296 15178
G5 12500 37426 5015 23092
H5 1563 1972 264 1216
15 6250 17200 2305 10613
A6 34402 95692 3514 22392
B6 34402 95611 3511 22373
C6 17084 27329 1004 6395
E6 33448 156501 5747 36621
F6 22182 69278 2544 16211
16 38998 92882 3411 21734
A7 30850 81789 3003 19139
B7 30850 81210 2982 19003
Cc7 15320 23286 855 5449
E7 29995 152049 5583 35579
F7 19892 59272 2177 13870
17 34972 79314 2912 18559
A8 27055 61993 2276 14506
B8 27055 61948 2275 14496
Cs8 13436 17706 650 4143
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Table 2.17. Identified EEMs, existing status and calculated key parameters (cont.).

Annual Performance (Saving/Reduction)

EEM | Investment Results
kWh eq. kg
Code USD Savinglyear |$ Saving/year| CO,lyear
ES 26305 145914 5358 34144
F8 17445 45575 1674 10664
18 30670 60237 2212 14095
D9 3750 4455 597 2749
G9 6250 11880 1592 7330
19 3750 5940 796 3665
Al10 65655 31912 1172 7467
B10 65655 31890 1171 7462
E10 119824 65837 2418 15406
I I f i b l I 8 f
d Dorm OHVOR  Poighs, BoderRen  ThenmostatcVave LhingBalist Enveiope- Gom Enveloge - Som Envelope - 4om V0P
nestment ) b | B 3% U
g C00Samgyear &
g C02Sanghear W s { ; 4
(Seinglea !
s e\ 1.3 X 3 d ) !
WhSamgpeart Bl [0
N Saunghesr-N 2 &0 B% pIb 4 52T

Figure 2.23. A screen shot of optimization process.

While deciding which EEM to implement first, maximum amount of CO, saving/year

with the minimum investment cost criterion is considered first. Thus, assuming that there is

no budget constraint, preference of energy efficiency improvement actions based on CO,

saving/year are sorted as:

(1) DHW System Setpoint Optimization --> (kg CO; savings/year)/ (Investment)= 10.4



(1)
(iii)

(iv)
(v)

(vi)
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Thermostatic valve --> (kg CO, savings/year)/ (Investment)= 1.64

Lighting Ballast Model Change (into Electronic Ballast) --> (kg CO, savings/year)/
(Investment)=1.70

Heating piping insulation --> (kg CO, savings/year)/ (Investment)= 5.12

Building envelope insulation by 6 cm --> (kg CO; savings/year)/
(Investment)= 0.56

Building envelope insulation by 5 cm --> (kg CO; savings/year (Investment)= 0.53

(vil) Building envelope insulation by 4 cm --> (kg CO, savings/year)/ (Investment)= 0.46

(viii) Variable Speed Pumps Replacement --> (kg CO; savings/year)/ (Investment)= 0.98

Only one of the actions in (v), (vi) and (vii) can be implemented at the same time.

In the case where there is no budget criteria, DHW setpoint optimization, which

results in the most saving per investment amount, should be implemented at the first place,

thermostatic valve use at the 2nd, lighting ballast type change at the 3rd. However, if the

budget is lower than the first preferred improvement action’s cost, the next preferred

improvement action shall be selected for energy efficiency optimization. This method of

decision making is adopted for the rest of the campus buildings.

There are three possible optimization solutions;

(1) Exact solution: it would be time consuming and open to miscalculations to evaluate

each one of the 4398046511103 combinations for 42 separate EEMs.

(i) MIP solution: an optimization software (Premium Solver — Frontline Solutions)

was used [36].

(ii1)Heuristic solution: could be utilized if it provides acceptable accuracy compared to

the MIP solution.

This study (i) elaborates on how such an approach could work using MIP

optimization software, (ii) suggests a heuristic approach that provides similar results as the
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MIP approach, and (iii) applies both approaches using various EEMs to BUKC existing

building as a case study.
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3. RESULTS AND DISCUSSION

3.1. MIP Model

The present knapsack problem can be solved in optimum using MIP. With the
selection of a proper software it is possible to reach an exact solution among a very large
number of possible permutations. Such software require necessary skills to use it, which
facility managers and/or other related parties that are responsible for energy efficiency of
existing buildings/complexes might lack. Using the data gathered through physical
measurements and calculations described in Chapter 2 and a given budget, optimization
calculations with the objectives of maximizing energy, energy cost and CO, savings are
applied.

The program iterates the improvement actions and finds the optimum combinations
for given budget limits. The analyses are based on the criteria described in Section 2 and
constraints such as implementation sequence of each action, investment budget and

maximizing the amount of saving per unit investment.

Although an integer model was built for this study, it is also possible to establish a
non integer model that would allow partial application of EEMs, and would also result in
partial calculation of savings.

Key parameters used for the optimizations are energy savings/investment
[kWh/USD], energy cost savings/investment [-] and CO, savings/investment [kg
CO,/USD].

¥ = ( 1,if improvement action j is used in building i ) 31
= \o, if improvement action j is not used in building i 31
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Total Investment Cost : C = Z XiiCij (3.2)

Lj

Total Emission : E = Z Xijei (3.3)

ij

where e;; is CO, emission savings when improvement action j is used in building i, cj; is
investment cost of implementing improvement action j in building 7, B is budget, objective

is maximizing E and minimizing C provided that,

C= Z xijici < B and xij e {0, 1} (3.4)

ij

A screen shot of the MIP input table is shown in Figure 3.1.

Solutions using the optimization software (Premium Solver — Frontline Solutions
[36]) for various budgets for BUKC existing buildings are given in Figure 3.2, Figure 3.3,
Figure 3.4 and Figure 3.5. The model is ran for budgets ranging from 1000 USD to 600000
USD separately for each different budget limit, resulting in different EEMs and therefore
different cost and saving figures. Each calculation is recorded and the optimized cost and
saving figures are summarized in Table 3.1. Figure 3.2-5 are plotted versions of the data in

Table 3.1. Optimum savings corresponding to each budget are plotted on the vertical axis.

The MIP solution curves in Figure 3.2-5 show the expected form of typical
optimization solutions, with a steep slope at low budgets and decreasing steepness at

higher budgets.

This also verifies that the MIP model urges the decision makers to begin with the
improvement actions that have the highest impacts within the given budget. On the other
hand, an extra amount of 1 USD invested does not create the same impact as the previously
invested amount of 1 USD as seen from the descending slope curve. This is because the

previously invested funds were spent for more efficient EEMs than the later ones.
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Figure 3.1. A Screen shot of the input table for MIP model.



Table 3.1. Optimization Results for Various Investment Budgets.

Investment| Realized |Realized kWh | Realized $ |Realized CO; | Annual CO; Saving
Budget | Investment Saving Saving Reduction per Invested $
$ $ kWh/year $lyear | kg CO,lyear kg COylyear/$
1000 964 21099 859 4937 5.12
2000 1750 80122 3263 18749 10.71
3000 3000 135679 5526 31749 10.58
4000 3571 155827 6347 36464 10.21
5000 4830 183373 7469 42909 8.88
6000 5902 206816 8423 48395 8.20
7000 6973 230259 9378 53881 7.73
8000 8000 306016 12464 71608 8.95
9000 8964 327115 13323 76545 8.54
10000 9750 364868 14861 85379 8.76
11000 10821 388311 15815 90865 8.40
12000 11580 412562 16803 96539 8.34
13000 12652 436005 17758 102025 8.06
14000 13723 459448 18713 107511 7.83
15000 14688 480547 19572 112448 7.66
16000 15692 502525 20467 117591 7.49
17000 16656 523624 21327 122528 7.36
18000 17956 541026 21966 126600 7.05
19000 18456 544321 22100 127371 6.90
20000 18456 544321 22100 127371 6.90
21000 18456 544321 22100 127371 6.90
22000 21542 563575 22709 131876 6.12
23000 22506 584674 23568 136814 6.08
24000 23806 602076 24207 140886 5.92
25000 24306 605371 24342 141657 5.83
26000 24306 605371 24342 141657 5.83
27000 24306 605371 24342 141657 5.83
28000 27892 627634 25075 146866 527
29000 28856 648733 25934 151804 5.26
30000 29656 662840 26439 155105 5.23

46



Table 3.1. Optimization Results for Various Investment Budgets (cont.).

Investment| Realized [Realized kWh|Realized$ |Realized CO: | Annual CO; Saving
Budget Investment Saving Saving Reduction per Invested $
$ $ kWh/year $lyear kg CO.lyear kg CO.lyear/$
31000 30156 666135 26573 155876 5.17
32000 30156 666135 26573 155876 5.17
33000 30156 666135 26573 155876 5.17
34000 30156 666135 26573 155876 5.17
35000 34606 662638 28105 161645 4.67
36000 35906 680,04 28744 165717 4.62
37000 36406 683335 28878 166488 4.57
38000 36406 683335 28878 166488 4.57
39000 38756 726809 28878 170073 4.39
40000 39256 730104 28922 170844 4.35
41000 40856 682863 30815 174124 4.26
42000 41356 686159 30949 174895 4.23
43000 42656 703561 31588 178967 4.20
44000 42656 703561 31588 178967 4.20
45000 42656 703561 31588 178967 4.20
46000 42656 703561 31588 178967 4.20
47000 42656 703561 31588 178967 4.20
48000 42656 703561 31588 178967 4.20
49000 48906 720761 33893 189580 3.88
50000 48906 720761 33893 189580 3.88
55000 54656 729346 35351 196139 3.59
60000 58006 784730 36242 204549 3.53
65000 64256 796610 37834 211879 3.30
70000 68944 809330 39538 219726 3.19
75000 74694 817914 40996 226285 3.03
80000 75194 821210 41130 227056 3.02
85000 84311 930644 41600 238692 2.83
90000 89656 967471 43934 247310 2.76
95000 93006 1017535 44112 252437 2.71
100000 99256 1034735 46417 263050 2.65
110000 109694 1056040 49579 277457 2.53
120000 116444 1071215 51305 285558 2.45
130000 125561 1180649 51775 297194 2.37
140000 136499 1205249 55071 312371 2.29
150000 142749 1217129 56663 319701 2.24
160000 150249 1227524 58056 326115 2.17
170000 164930 1286407 59207 335912 2.04
180000 170243 1294318 60267 340794 2.00
190000 182014 1313736 62718 347023 191
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Table 3.1. Optimization Results for Various Investment Budgets (cont.).

Investment| Realized [Realized kWh | Realized$ [Realized CO2 | Annual CO; Saving
Budget | Investment Saving Saving Reduction per Invested $
$ $ kWh/year $lyear kg COlyear kg CO.lyear/$
200000 191077 1326102 64375 354653 1.86
210000 203082 1388039 63517 361969 1.78
220000 210522 1398628 64339 366154 1.74
230000 220166 1415368 67028 373080 1.69
240000 230380 1455346 65989 377719 1.64
250000 241234 1488105 67625 387091 1.60
260000 251016 1497076 70029 392200 1.56
270000 262008 1521569 71361 399637 1.53
280000 272456 1562964 69941 402902 1.48
290000 280232 1580987 71036 408825 1.46
300000 291102 1592264 73716 415229 1.43
310000 301006 1614451 74772 421372 1.40
320000 301006 1614451 74772 421372 1.40
330000 301006 1614451 74772 421372 1.40
340000 301006 1614451 74772 421372 1.40
350000 301006 1614451 74772 421372 1.40
360000 301006 1614451 74772 421372 1.40
370000 360783 1637744 75386 425871 1.18
380000 370114 1650815 76107 425871 1.16
390000 370114 1650815 76107 425871 1.16
400000 370114 1650815 76107 425871 1.16
410000 370114 1650815 76107 425871 1.16
420000 410926 1658101 76133 430635 1.05
430000 420830 1680287 77190 436777 1.04
440000 420830 1680287 77190 436777 1.04
450000 420830 1680287 77190 436777 1.04
460000 420830 1680287 77190 436777 1.04
470000 420830 1680287 77190 436777 1.04
480000 420830 1680287 77190 436777 1.04
490000 480607 1703581 77803 441277 0.92
500000 491500 1718623 78789 446503 0.91
510000 491500 1718623 78789 446503 0.91
520000 491500 1718623 78789 446503 0.91
530000 491500 1718623 78789 446503 0.91
540000 491500 1718623 78789 446503 0.91
550000 491500 1718623 78789 446503 0.91
560000 550012 1739926 79571 451488 0.82
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Figure 3.2. Annual energy consumption reduction with kWh optimized EEMs.
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Figure 3.8. Annual CO; reduction versus realized investment in logaritmic values.

This may lead the decision maker to stop investing more at some point and invest into
another existing building or campus complex, which would create a respectively higher
overall impact. Such a decision point would be located where the slope of the curve makes

the most radical decrease.

The decision to stop investing more would not only depend at the location of this
point. It is possible that the main motive of the investor is not the ultimate feasibility of the
investment. Depending on the motive of the investment, it is possible that the investor
continues investing into the existing building or campus although additional spending is

not as feasible as the previous ones.

It is arguable that such a decision point can be spotted exactly. It should rather be
defined as a “region” where the efficiency of EEMs or packages of EEMs drops
drastically.
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Figure 3.9 shows the trend of CO, emission reduction per USD of investment for
the optimum combination of EEMs for specified budget amounts. This descending curve
approaches to zero CO, emission per invested USD for higher budgets. However, the
actions which have the highest CO, emission reduction impact per USD invested are

located at lower budgets.

The decision point to stop or to continue investing is also observed in Figure 3.8 at

a location on the curve, where the slope makes the most drastic change.

12

4 kg CO2 Emission Reduction/$

——Log. (kg CO2 Emission Reduction/$)

y=-L721In(x)+ 23.053
R*=0.9035
+

Annual CO, Emission Reduction/$ (kg CO./$)
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Figure 3.9. Annual CO; emission reduction per USD.
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3.2. Heuristic Approach

Not all facility managers, building owners and other related parties have the ability
to access and to use an optimization software. It is fast and easy (does not require a
software) to calculate energy, energy cost and CO, savings per investment amount for each
individual EEM. However, calculating the same for all possible combinations of EEMs
which fit into a given budget requires a software and is time consuming. Using the same
input data, prioritizing the EEMs per the highest [saving/investment amount] ratio, until a
given budget is reached can be an approximate (heuristic) solution. Saving per investment
values are calculated and shown in Figure 3.10-12. The vertical axes indicate the efficiency
rankings per saving/investment amount of different EEMs and the horizontal axes indicate

the remaining budget.
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Figure 3.10. Energy Savings / Investment Amount USD for each individual EEM
(kWh/year/USD).
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Figure 3.11. Energy Cost Savings / Investment Amount USD for each individual EEM

(1/year).
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Figure 3.12. CO; savings / Investment Amount USD for each individual EEM (kg
CO,/year/USD).
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The heuristic approach does not require an optimization software, but simple
calculations as described in Table 3.2. A simple spreadsheet may be used for the heuristic
process to speed the calculations or even totally get rid of the graphics. In such a case, the
spreadsheet model may be built for integer or non integer results, as was the case with the

MIP model.

This heuristic approach, which was used before for different problems, was chosen
in this case, because it also provides the decision maker a more visual result for
comparison of various EEMs at a glance. Also eliminates the possibility of getting lost

between large amount of data and potential mistakes in configuring the computer aided

model.
Table 3.2. Steps of Heuristic Approach.
Step Definition of steps
no

1 [Energy, energy cost and COz2 savings per investment amount for each one of 42 individual EEMs are
calculated and placed on a graph of savings per USD on the vertical axes and the realized investment

2 |A budget amount is defined.

A vertical line is drawn along this budget value.

4 |EEM with the highest value of saving per USD on the left side of the vertical line (the EEM with the
highest located dot) is selected to be the first EEM to be implemented.

5 |The selected EEM’s investment amount is subtracted fromthe given budget to find out the
remaining budget after the first EEM’s application.

6 |A new vertical line is drawn along the value calculated at step 5, the remaining budget.

7 |Repeat Steps 4, 5 and 6 until no budget is left or the remaining budget is not enough to finance any
additional EEMs.
Note: In case there are more than one EEM with the same savings per USD value within the left side of the

If we were to compare the MIP model versus the heuristic approach for each budget
limit, the results in Table 3.3-5 are obtained. Since MIP results are exact, the deviation of
the heuristic model is considered as error in this comparison. The error is higher at lowest

budgets, but decreases at higher budget limits.



Table 3.3. Comparison of MIP vs. heuristic for energy savings.

kWh Savings kWh Error (MIP-HEU)/
BUDGET | HEURISTIC [Savings MIP | MIP-HEU MIP
1000 21099 21099 - 0.00%
2000 80122 80122 - 0.00%
3000 135679 135679 - 0.00%
4000 156778 156778 - 0.00%
5000 176926 183373 6447 3.52%
6000 200369 206816 6447 3.12%
7000 217771 230259 12488 5.42%
8000 251358 306016 54658 17.86%
9000 254653 327115 72461 22.15%
10000 364868 364868 - 0.00%
11000 385967 388311 2344 0.60%
12000 409410 412562 3152 0.76%
13000 432853 436005 3152 0.72%
14000 446960 459448 12488 2.72%
15000 480547 480547 - 0.00%
16000 497949 502525 4576 0.91%
17000 523624 523624 - 0.00%
18000 541026 541026 - 0.00%
19000 544321 544321 - 0.00%
20000 544321 544321 - 0.00%
21000 546293 546293 - 0.00%
22000 546293 564526 18233 3.23%
23000 550261 584674 34412 5.89%
24000 602076 602076 - 0.00%
25000 605371 605371 - 0.00%
26000 607342 607342 - 0.00%
27000 607342 607342 - 0.00%
28000 607342 627634 20292 3.23%
29000 611311 648733 37422 5.77%
30000 662840 662840 0.00%
31000 666135 666135 - 0.00%
32000 668107 668107 - 0.00%
33000 668107 668107 - 0.00%
34000 672075 672075 - 0.00%
35000 672075 672075 - 0.00%
36000 674047 680040 5993 0.88%
37000 683335 691603 8268 1.20%
38000 685307 712702 27395 3.84%
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Table 3.3. Comparison of MIP vs. heuristic for energy savings (cont.).

kWh Savings kwWh Error (MIP-HEU)/
BUDGET | HEURISTIC [ Savings MIP | MIP-HEU MIP
39000 726809 726809 - 0.00%
40000 730104 730104 - 0.00%
41000 732076 732076 - 0.00%
42000 732076 732076 - 0.00%
43000 732076 732076 - 0.00%
44000 736044 736044 - 0.00%
45000 738016 738016 - 0.00%
46000 747305 747305 - 0.00%
47000 747305 747305 - 0.00%
48000 749276 749276 - 0.00%
49000 749276 749276 - 0.00%
50000 753245 753245 - 0.00%
55000 769502 791352 21850 2.76%
60000 809418 814020 4602 0.57%
65000 817330 858616 41286 4.81%
70000 881958 895443 13485 1.51%
75000 895190 918112 22922 2.50%
80000 915415 962708 47292 4.91%
85000 986050 986050 - 0.00%
90000 999282 999282 - 0.00%
95000 1019507 1020258 751 0.07%
100000 1042318 1064026 21708 2.04%
110000 1127995 1127995 - 0.00%
120000 1163449 1163449 - 0.00%
130000 1207309 1207309 - 0.00%
140000 1242763 1242763 - 0.00%
150000 1265903 1266098 195 0.02%
160000 1286534 1289098 2564 0.20%
170000 1304354 1321257 16903 1.28%
180000 1355655 1355655 - 0.00%
190000 1373475 1373670 195 0.01%
200000 1394106 1402775 8669 0.62%
210000 1436038 1436038 - 0.00%
220000 1459178 1459373 195 0.01%
230000 1481806 1482001 195 0.01%
240000 1495657 1499821 4163 0.28%
250000 1530580 1530580 - 0.00%
260000 1556028 1556028 - 0.00%
270000 1576659 1576854 195 0.01%
280000 1592994 1594674 1680 0.11%
290000 1609928 1609928 - 0.00%
300000 1620323 1626456 6132 0.38%
310000 1620323 1630911 10587 0.65%
320000 1620323 1630911 10587 0.65%
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Table 3.3. Comparison of MIP vs. heuristic for energy savings (cont.).

kWh Savings kWh Error (MIP-HEU)/
BUDGET | HEURISTIC | Savings MIP | MIP-HEU MIP

330000 1620323 1630911 10587 0.65%
340000 1620323 1630911 10587 0.65%
350000 1620323 1631038 10715 0.66%
360000 1620323 1647975 27652 1.68%
370000 1620323 1662823 42499 2.56%
380000 1620323 1662823 42499 2.56%
390000 1620323 1662823 42499 2.56%
400000 1620323 1662823 42499 2.56%
410000 1620323 1675765 55442 3.31%
420000 1686160 1692292 6132 0.36%
430000 1686160 1696747 10587 0.62%
440000 1686160 1696747 10587 0.62%
450000 1686160 1696747 10587 0.62%
460000 1686160 1696747 10587 0.62%
470000 1686160 1696875 10715 0.63%
480000 1686160 1713812 27652 1.61%
490000 1718072 1728659 10587 0.61%
500000 1718072 1728659 10587 0.61%
510000 1718072 1728659 10587 0.61%
520000 1718072 1728659 10587 0.61%
530000 1718072 1728659 10587 0.61%
540000 1718072 1737596 19524 1.12%
550000 1749962 1754123 4161 0.24%
560000 1749963 1760550 10587 0.60%

mean error= 1.25%

error below

10%= ea 104/106 98.11%

error below

5%0= ea 101/106 95.28%

error below

1%= ea 79/106 74.53%
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Table 3.4. Comparison of MIP vs. heuristic for energy cost savings.

kWh Savings |kWh Savings
BUDGET | HEURISTIC MIP MIP-HEU [ Error (MIP-HEU)/MIP
1000 859 859 - 0.00%
2000 3263 3263 - 0.00%
3000 5526 5526 - 0.00%
4000 6385 6347 -39 0.61%
5000 7206 7469 263 3.52%
6000 8328 8423 95 1.13%
7000 9283 9378 95 1.02%
8000 10082 12464 2381 19.11%
9000 11037 13323 2286 17.16%
10000 14861 14861 - 0.00%
11000 15720 15815 95 0.60%
12000 16675 16803 128 0.76%
13000 17663 17758 95 0.54%
14000 18617 18713 95 0.51%
15000 19417 19572 155 0.79%
16000 20372 20467 95 0.47%
17000 21327 21327 - 0.00%
18000 21966 21966 - 0.00%
19000 22100 22100 - 0.00%
20000 22100 22230 130 0.58%
21000 22364 22364 - 0.00%
22000 22364 22762 398 1.75%
23000 22896 23631 736 3.11%
24000 24207 24207 - 0.00%
25000 24342 24405 63 0.26%
26000 24606 24606 - 0.00%
27000 24606 24669 63 0.26%
28000 24606 25075 469 1.87%
29000 25138 25934 796 3.07%
30000 26439 26476 37 0.14%
31000 27115 27115 - 0.00%
32000 27115 27115 - 0.00%
33000 27379 27379 - 0.00%
34000 27379 27629 250 0.90%
35000 27911 28105 194 0.69%
36000 27911 28781 870 3.02%
37000 29357 29357 - 0.00%
38000 29357 29487 130 0.44%
39000 29621 29684 63 0.21%
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Table 3.4. Comparison of MIP vs. heuristic for energy cost savings (cont.).

kWh Savings |kWh Savings
BUDGET | HEURISTIC MIP MIP-HEU | Error (MIP-HEU)/MIP
40000 29621 29955 335 1.12%
41000 30153 30815 662 2.15%
42000 30153 31023 870 2.80%
43000 31588 31588 - 0.00%
44000 31588 31662 74 0.23%
45000 31852 31926 74 0.23%
46000 31852 32250 398 1.23%
47000 32384 32457 74 0.23%
48000 32648 33254 606 1.82%
49000 33893 33893 - 0.00%
50000 33893 34023 130 0.38%
55000 34953 35351 398 1.12%
60000 37189 37189 - 0.00%
65000 37985 38142 157 0.41%
70000 39538 39538 - 0.00%
75000 40598 40996 398 0.97%
80000 41926 41926 - 0.00%
85000 42787 42787 - 0.00%
90000 42787 43934 1146 2.61%
95000 42787 45059 2272 5.04%
100000 45701 46725 1024 2.19%
110000 46298 49579 3281 6.62%
120000 51569 51967 398 0.77%
130000 52962 53488 526 0.98%
140000 55876 55876 - 0.00%
150000 56473 57922 1449 2.50%
160000 56473 60174 3701 6.15%
170000 61831 61831 - 0.00%
180000 61831 62057 225 0.36%
190000 64008 64111 103 0.16%
200000 64375 64375 - 0.00%
210000 64375 65345 970 1.48%
220000 66652 67011 359 0.54%
230000 67889 67889 - 0.00%
240000 67889 68856 967 1.40%
250000 67889 69082 1192 1.73%
260000 71400 71400 - 0.00%
270000 71400 71626 225 0.31%
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Table 3.4. Comparison of MIP vs. heuristic for energy cost savings (cont.).

kWh Savings |kWh Savings
BUDGET | HEURISTIC MIP MIP-HEU | Error (MIP-HEU)/MIP

280000 71400 72267 867 1.20%
290000 71400 73538 2138 2.91%
300000 74811 74811 - 0.00%
310000 74811 75036 225 0.30%
320000 74811 75036 225 0.30%
330000 74811 75036 225 0.30%
340000 74811 75036 225 0.30%
350000 74811 75036 225 0.30%
360000 74811 75220 409 0.54%
370000 74811 75983 1172 1.54%
380000 74811 76372 1561 2.04%
390000 74811 76372 1561 2.04%
400000 74811 76372 1561 2.04%
410000 74811 76372 1561 2.04%
420000 77229 77229 - 0.00%
430000 77229 77454 225 0.29%
440000 77229 77454 225 0.29%
450000 77229 77454 225 0.29%
460000 77229 77454 225 0.29%
470000 77229 77454 225 0.29%
480000 77229 77768 539 0.69%
490000 78400 78400 - 0.00%
500000 78400 78789 389 0.49%
510000 78400 78789 389 0.49%
520000 78400 78789 389 0.49%
530000 78400 78789 389 0.49%
540000 78400 78789 389 0.49%
550000 78400 79437 1037 1.31%
560000 79571 79571 - 0.00%

mean error= 1.23%

error below

10%= ea 104/106 98.11%

error below

5%= ea 103/106 97.17%

error below

1%= ea 78/106 73.58%
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Table 3.5. Comparison of MIP vs. heuristic for CO, savings.

kWh Savings | kWh Savings
BUDGET | HEURISTIC MIP MIP-HEU | Error (MIP-HEU)/MIP
1000 4937 4937 - 0.00%
2000 18749 18749 - 0.00%
3000 31749 31749 - 0.00%
4000 36464 36464 - 0.00%
5000 41949 42909 960 2.24%
6000 46886 48395 1509 3.12%
7000 50958 53881 2922 5.42%
8000 58818 71608 12790 17.86%
9000 59589 76545 16956 22.15%
10000 85379 85379 - 0.00%
11000 90865 90865 - 0.00%
12000 96351 96539 189 0.20%
13000 99652 102025 2374 2.33%
14000 104589 107511 2922 2.72%
15000 112448 112448 - 0.00%
16000 116520 117591 1071 0.91%
17000 122528 122528 - 0.00%
18000 126600 126600 - 0.00%
19000 127371 127371 - 0.00%
20000 127371 127371 - 0.00%
21000 127371 127371 0.00%
22000 128588 131876 3288 2.49%
23000 128588 136814 8226 6.01%
24000 131036 140886 9850 6.99%
25000 140886 141657 771 0.54%
26000 141657 141657 - 0.00%
27000 142873 141657 -1216 0.86%
28000 142873 146866 3993 2.72%
29000 142873 151804 8930 5.88%
30000 145322 155105 9783 6.31%
31000 155105 155876 771 0.49%
32000 155876 155876 - 0.00%
33000 157092 155876 -1216 0.78%
34000 157092 155876 -1216 0.78%
35000 159541 161645 2104 1.30%
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Table 3.5. Comparison of MIP vs. heuristic for CO; savings (cont.).

kWh Savings | kWh Savings
BUDGET | HEURISTIC MIP MIP-HEU |Error (MIP-HEU)/MIP
36000 159541 165717 6176 3.73%
37000 165717 166488 771 0.46%
38000 166488 166488 - 0.00%
39000 167705 170073 2369 1.39%
40000 167705 170844 3140 1.84%
41000 167705 174124 6419 3.69%
42000 170153 174895 4742 2.71%
43000 171370 178967 7598 4.25%
44000 178967 178967 - 0.00%
45000 178967 178967 - 0.00%
46000 180184 178967 -1216 0.68%
47000 180184 178967 -1216 0.68%
48000 182632 178967 -3665 2.05%
49000 183849 189580 5731 3.02%
50000 189580 189580 - 0.00%
55000 189580 196139 6559 3.34%
60000 194461 204549 10087 4.93%
65000 205765 211879 6113 2.89%
70000 211879 219726 7848 3.57%
75000 219726 226285 6559 2.90%
80000 224608 227056 2448 1.08%
85000 230721 238692 7971 3.34%
90000 234687 247310 12623 5.10%
95000 234687 252437 17751 7.03%
100000 234687 263050 28363 10.78%
110000 263050 277457 14407 5.19%
120000 274045 285558 11513 4.03%
130000 286774 297194 10420 3.51%
140000 293188 312371 19184 6.14%
150000 313588 319701 6113 1.91%
160000 324583 326115 1532 0.47%
170000 327332 335912 8581 2.55%
180000 338442 340794 2352 0.69%
190000 343543 347023 3480 1.00%
200000 348992 354653 5662 1.60%
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Table 3.5. Comparison of MIP vs. heuristic for CO, savings (cont.).

kWh Savings | kWh Savings
BUDGET | HEURISTIC MIP MIP-HEU | Error (MIP-HEU)/MIP
210000 354653 361969 7316 2.02%
220000 365935 366154 219 0.06%
230000 365935 373080 7145 1.92%
240000 377045 377719 674 0.18%
250000 377045 387091 10046 2.60%
260000 388308 392200 3892 0.99%
270000 399418 399637 219 0.05%
280000 399418 402902 3484 0.86%
290000 399418 408825 9407 2.30%
300000 399418 415229 15811 3.81%
310000 421153 421372 219 0.05%
320000 421153 421372 219 0.05%
330000 421153 421372 219 0.05%
340000 421153 421372 219 0.05%
350000 421153 421372 219 0.05%
360000 421153 421372 219 0.05%
370000 421153 425871 4719 1.11%
380000 421153 429881 8728 2.03%
390000 421153 429881 8728 2.03%
400000 421153 429881 8728 2.03%
410000 421153 429881 8728 2.03%
420000 421153 430635 9482 2.20%
430000 436558 436777 219 0.05%
440000 436558 436777 219 0.05%
450000 436558 436777 219 0.05%
460000 436558 436777 219 0.05%
470000 436558 436777 219 0.05%
480000 436558 436777 219 0.05%
490000 436558 441277 4719 1.07%
500000 444026 446503 2477 0.55%
510000 444026 446503 2477 0.55%
520000 444026 446503 2477 0.55%
530000 444026 446503 2477 0.55%
540000 444026 446503 2477 0.55%
550000 444026 446503 2477 0.55%
560000 451488 451488 - 0.00%
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Table 3.5. Comparison of MIP vs. heuristic for CO; savings (cont.).

mean error= 2.07%
error below
10%-= ea 103/106 97.17%
error below
5%0= ea 97/106 91.51%
error below
1%= ea 56/106 52.83%

Figure 3.13-15 show the comparison of the MIP and heuristic solutions.
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Table 3.6 summarizes the comparison results.

Table 3.6. Error percentages of heuristic optimization.

Heuristic Optimization For; | Mean Error | % of Budget Cases Where Error is below 5%
Energy savings 1% 95%
Energy cost savings 1% 97%
CO2 savings 2% 92%

These comparison results show that for most “energy efficiency improvement”
operations, the heuristic model can be used if the error limits are acceptable by the
responsible party. It is possible that the error results above acceptable limits for a specific
budget amount. This study compares MIP and heuristic approaches for many different

budget limits and thereby reaches the results in Table 3.6.

3.3. Comparative analysis of EEMs

Two alternative approaches are compared with energy efficiency improvements in
existing buildings, to prove that retrofitting is more viable both for energy and CO, saving

purposes.

3.3.1. New power plant investment versus retrofit

Retrofitting existing buildings is more feasible than investing in to new energy
production plants, even without considering the lifecycle costs. An example is analyzed
based on a Hydro Electric Power Plant (HEPP) application in Turkey and the results are
compared to using the same amount of funds for retrofitting existing buildings. This
example was chosen because HEPP investments are common in Turkey. In 2010, a HEPP
of S0MW capacity and 144000000 kWh/year electricity production was built in Turkey for
96 million USD.
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In Chapter 3, for an investment budget of 100000 USD, energy savings of one
million kWh/year were achieved using MIP model for a campus consisting of seven

buildings.

If the same amount of budget which was used for building a HEPP (96 million
USD), was invested into energy efficiency improvements of existing buildings, the savings
would reach 960 million kWh/year. This is approximately seven times more efficient than

investing into a new energy plant.

Therefore retrofitting existing buildings is significantly more feasible than investing
into new energy production plants, even without considering the lifecycle costs.
Considering that there are approximately 18 million existing buildings in Turkey at similar
conditions with BUKC, there are enough buildings to retrofit before investing into new

energy plants.

3.3.2. Demolishing and reconstructing versus retrofit

Although it is obvious that retrofitting existing buildings would be substantially
more cost effective than demolishing and reconstructing them, this case was analyzed for

the BUKC buildings.

In Chapter 2, the CO, emission of the BUKC buildings was calculated as 45.4 kg
COy/m*-year, corresponding to a D level building per BEPY. With an energy efficiency
improvement investment of approximately 20000 USD, the CO, emission can be reduced
to 40.5 kg CO,/m’-year, increasing the energy rating of the buildings to level C, which is

the minimum required by the current building code.

On the other side, demolishing the existing buildings and constructing new level C
buildings of same size would require an investment of approximately 18 million USD

based on the unit prices published by the Turkish Ministry of Construction.
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This analysis proves that retrofitting existing buildings is more feasible than building

new oncs.

3.3.3. Variability of Results

The results of calculations and approaches demonstrated in this study would differ
for other cases. The intent of this thesis is to suggest an approach to energy efficiency
improvemets for existing buildings and demonstrate this suggestion on a certain example.
The results would depend on; (i) which materials and engineering/architectural systems are
selected for improvement and how much they cost, (ii) the location and thereby the climate
of the campus/buildings, (iii) the cost of energy and therefore the saving amounts, (iv)
whether the EEMs are applied partially or totally, (v) fluctuations of energy prices, (vi)
whether the life cycle analysis data and/or CO, saving income are embedded into savings
calculations or not. Therefore, this approach needs to be applied to every case and the

results of this study should not be taken for true for all cases.
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4. SUMMARY AND CONCLUSIONS

The following main conclusions can be achieved through this study;

Although it is obvious that investing in energy efficiency for buildings is feasible,
most investors with available funds have chosen to invest in new buildings rather than
existing buildings. However, building owners with limited funds remain undecided due to
the uncertainty of expected return for their investments in energy efficiency improvements
in existing buildings. Therefore, a decision making model is necessary, that will eliminate
this uncertainty and provide the most appropriate investment options for a given budget.
Such a model would involve optimization calculations in addition to engineering,

architectural, economic and environmental aspects.

This study measured and analyzed seven existing buildings at BUKC and identified
42 different EEMs. For each EEM, the required investment cost and expected savings in
terms of energy, energy cost and CO; are calculated. The number of possible combinations
of retrofit option packages for BUKC existing buildings is calculated to be over four
trillion (4x10'%). Therefore, an optimization solution is required to appropriately prioritize

the retrofit options and thereby most feasibly use the funds in hand.

Two alternative approaches are used to solve the optimization problem described in
this study: Mixed Integer Programming (MIP) and development of a heuristic. Both
methods were useful to reach a solution. This result would allow the decision maker to feel
comfortable and use the more practical heuristic, which deviates 1-2% from the more
sophisticated MIP solution. Therefore, for practical use, it is recommended to utilize the
heuristic approach, which is simply based on the ratio of “saving per investment”.
However, more professional investors with larger budgets and critical buildings may

benefit from the MIP solution, which provides the maximum possible return.

Retrofitting existing buildings is more feasible than investing into new energy
production plants, even without considering the lifecycle costs. Based on a case study of a

recently built hydro-electric power plant, investing into energy efficiency improvements is
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approximately seven times more efficient than investing into constructing a new power

plant.

As expected, retrofitting existing buildings is substantially more cost effective than
demolishing and reconstructing them to achieve the same building energy certification
level. This becomes more meaningful considering the large amount of existing buildings

worldwide and the global trend to reduce CO, emissions.



APPENDIX A

ENVELOPE INSULATION IMPROVEMENT ACTION

CALCULATIONS
Table A.1. 1st dorm — north block current insulation level (3 cm XPS) TS 825 software

annual heating energy theoretical calculations.

1st Dorm - North

Actual Annual IZODER Insulation
Theoretical - o |Annual N Annual Annual CO2{Annual o Investment
Natural Gas N Unit Price Annual N 'Wall Area [Application|Investment
XPS (cm) Consumption Annual Heating TL/KWh Gas Cost Saving (TL) Saving Emission  |COz2 Saving (m2) Cost Budget (TL), Budget kg CO2/$
P Demand (TL) 9 (USD) (kglyear)  |(kglyear) g (USD)
TL/m2
Calculation (kJ)
Current 357014.85 1002309192.00) 0.00] 20976.00| 0.00) 0.00] 83541.47] 0.00]  3725.30]
4.00] 295021.59] 828264842.00] 0.06f 17333.65) 3642.34 2276.46] 69035.03) 14506.42| 3725.30) 11.62] 43287.99] 27054.99] 0.54f
5.00f 275225.58 772688111.00] 0.06f 16170.56| 4805.43, 3003.40] 64402.79 19138.69) 3725.30) 13.25 49360.23 30850.14 0.62f
6.00] 261322.98 733656945.00) 0.00] 15353.73| 5622.27, 3513.92| 61149.58] 22391.90]  3725.30] 14.78] 55042.96] 34401.85] 0.65]
1st Dorm - South
IZODER "
ﬁ::s?lafg:sual Theoretical Uniit Price (Annual N Annual Annual Annual CO2{Annual rsulliactaISiZn Investment Investment
XPS (cm) N Annual Heating Gas Cost . Saving Emission |CO2 Saving [Area (m2) P Budget kg CO2/$
Consumption TL/KWh Saving (TL) Cost Budget (TL),
Demand (TL) (USD) (kglyear) |(kglyear) (UsSD)
(kwh) TL/m2
Calculation (kJ)
Current 355346.44 997625189.00) 0.00] 20877.97] 0.00) 0.00] 83151.07} 0.00]  3725.30]
4.00 293398.88) 823709143.00) 0.00] 17238.31 3639.606, 2274.79| 68655.34] 1449573 3725.30] 11.62] 43287.99) 27054.99] 0.54]
5.00] 274136.14 769629551.00) 0.00] 16106.55| 4771.42 2982.14] 64147.86] 19003.21 3725.30] 13.25] 49360.23 30850.14] 0.62]
6.00] 259735.08) 729198965.00] 0.00] 15260.44] 5617.54 3510.96] 60778.01 22373.06]  3725.30] 14.78] 55042.96] 34401.85] 0.65]
1st Dorm - Apartments
IZODER N
ﬁ::ﬂ.’:\lall&g:sual Theoretical Uniit Price (Annual N Annual Annual Annual CO2[Annual rsulliital\zzn Investment Investment
XPS (cm) N Annual Heating Gas Cost . Saving Emission |COz2 Saving [Area (m2) PP Budget kg CO2/$
Consumption TL/kWh Saving (TL) Cost Budget (TL)
Demand (TL) (USD) (kglyear) |(kglyear) (UsSD)
(kwh) . TL/m2
Calculation (kJ)
Current 101765.90] 285704911.57] 0.06f 5979.14] 0.00] 0.00f 23813.22) 0.00| 1850.00]
4.00] 84060.07| 235996283.57] 0.06f 4938.85 1040.29| 650.18] 19670.06] 4143.16f 1850.00] 11.62] 21497.00] 13435.63) 0.31
5.00] 78480.25) 220331094.57] 0.00] 4611.02 1368.12] 855.08] 18364.38 5448.84)  1850.00] 13.25] 24512.50] 1532031 0.36]
6.00] 74436.87] 208979415.71 0.06f 4373.45 1605.69] 1003.55] 17418.23] 6394.99) 1850.00] 14.78] 27334.57 17084.11 0.37]
27329.03 6394.99
Prep School - Block A
IZODER "
Actual Annual Theoretical oo |[Annual N Annual Annual CO2|Annual InSUI,atm.n Investment
Natural Gas N Unit Price Annual N L . ApplicationfInvestment
XPS (cm) N Annual Heating Gas Cost Saving Emission |COz2 Saving [Area (m2) Budget kg CO2/$
Consumption TL/kWh Saving (TL) Cost Budget (TL)
Demand (TL) (USD) (kglyear) |(kglyear) (UsD)
(kwh) . TL/m2
Calculation (kJ)
Current 345331.92 969509705.75 0.06f 20289.58 0.00] 80807.67] 0.00f 3622.00]
4.00 199418.22] 559861083.25) 0.00] 11716.59] 8572.99| 5358.12] 46663.86] 34143.81 3622.00] 11.62] 42087.64) 26304.78] 1.30f
5.00f 193283.28 542637385.75 0.06f 11356.14] 8933.44] 5583.40] 45228.29 35579.38 3622.00] 13.25 47991.50] 29994.69] L19|
6.00] 188830.80f 530137180.75 0.06f 11094.54 9195.04f 5746.90] 44186.41 36621.26]  3622.00] 14.78] 53516.66] 33447.91 1.09]
Prep School - Block B
IZODER N
:;:E?Iafg;ual Theoretical Uniit Price (Annual N Annual Annual Annual CO2|Annual Z‘;:II::::;Zn Investment Investment
XPS (cm) N Annual Heating Gas Cost : Saving Emission |COz2 Saving [Area (m2) Budget kg CO2/$
Consumption TL/kWh Saving (TL) Cost Budget (TL)
Demand (TL) (USD) (kglyear) |(kglyear) (USD)
(kwh) - TL/M2
Calculation (kJ)
Current 291026.16] 817047785.00] 0.06f 17098.91 0.00] 68100.12) 0.00f 2402.00}
4.00 245451.57 689098423.00) 0.00] 14421.22] 2677.68 1673.55| 57435.67 10664.45)  2402.00] 11.62| 27911.24] 17444.53| 0.61
5.00] 231754.47 650644185.00] 0.00] 13616.47] 3482.44 2176.52] 54230.55] 13869.57)  2402.00] 13.25] 31826.50] 19891.56] 0.70]
6.00] 221748.10] 622551570.00] 0.06f 13028.55) 4070.35) 2543.97] 51889.05] 16211.07] 2402.00] 14.78] 35490.62] 22181.64f 0.73]
2nd Dorm
IZODER "
ﬁ:::’;\lafg:sual Theoretical Unit Price Annual N Annual Annual Annual CO2|Annual X‘::IIiitaISiZn Investment |/nvestment
XPS (cm) " Annual Heating Gas Cost ; Saving Emission  [CO2 Saving|Area (m2) Budget kg CO2I$
Consumption TL/KWh Saving (TL) Cost Budget (TL),
Demand (TL) (USD) (kglyear) |(kglyear) (UsSD)
(kwh) TL/m2
Calculation (kJ)
Current 374089.04] 1050244520.00] 0.06] 21979.17] 0.00] 87536.84] 0.00| 4223.00]
4.00] 313852.25 881131398.00] 0.06f 18440.03 3539.14 2211.96] 73441.43 14095.41 4223.00] 11.62] 49071.26] 30669.54 0.46f
5.00] 294775.20] 827573110.00] 0.06f 17319.18] 4659.99 2912.50] 68977.40} 18559.44]  4223.00| 13.25 55954.7ﬂ 34971.72] 0.53]
6.00] 281207.25) 789481492.00) 0.00] 16522.01 5457.16) 3410.73] 65802.50) 21734.34)  4223.00] 14.78] ()23%.70| 38997.94] 0.56'
ALL CAMPUS BUILDINGS (excluding hotel)
IZODER "
Actual Annual Theoretical oo |Annual N Annual Annual CO2|Annual Insulgthn Investment
Natural Gas N Unit Price Annual N L . ApplicationfInvestment
XPS (cm) N Annual Heating Gas Cost Saving Emission  [COz2 Saving |Area (m2) Budget kg CO2/$
Consumption TL/kWh Saving (TL) Cost Budget (TL)
Demand (TL) (USD) (kglyear) |(kglyear) (UsSD)
(kwh) . TL/m2
Calculation (kJ)
Current 1824574.31 5122441303.32] 0.06]  107200.77] 0.00) 426950.39) 0.00]  19547.60) 0.00] 0.00]
4.00] 1431202.58! 4018061172.82 0.06] 84088.66) 23112.10] 14445.06|  334901.40] 92048.99 11.62] 227143.11 141964.45 0.65]
5.00f 1347654.91 3783503437.32] 0.06] 79179.91 28020.85 17513.03) 315351.2?| 111599.14] K 13.25 259005.70] 161878.56] 0.69]
6.00] 1287281.07] 3614005568.46] ().06' 75632.72' 31568.05] 19730.03) 301223.77| 125726.62] 19547.60‘ 14.78] 288824.48) 180515.30f 0.70]




Table A.1. 1st dorm — north block current insulation level (3 cm XPS) TS 825 software

annual heating energy theoretical calculations (cont.).

Binanin Ozgul Is1 Kaybl Hesaplama Cizelgesi

“apt Elemarn| sl et enlik 1=l iletenlik =] =] 1 Kaybi
Kalinhgi Hezap Dederi Drirenci Gegirgenlk | Kaybedilen
Kats ayis1 “ruzey

Einadaki Yap1 Elemanlari & A R u A Fodd

altimk (kY | (A | itk
DUWAR: g Hawaya Agic Vg, | Mizesel Isi letim Kats ays1(ig) 0,130
[nz_Drovar 4.3 Al harckiredialg hare 0,0 oz 0,0
102,213 Bistride polistren kpidi- TS fulec] 004 0.750
7.2.1.6 Normal derzkahnhjinda we normal 0z 025 0,200
42 Cimerta haro 0.0z 15 0,012
W, d izeys el izl iletim kat ayizi (dig) 0,040

TOPLAM 1,761 0,558 1728,00 987,47
DUWAR:Dis Hawaya Agk Vg, | Yiizeysel Izl letirm bats ayvesi () 0,120
Kolon_Kirig 43 Alg harckiregialg hara 0.0z o7 0,00
10.2.2.1.3 Bestride polistren kpidi- TS 0,0z 0.0 0,750
5.4.1 Donabh 0,25 25 0,100
4.2 Cimento harc 0,0z 15 0,013
Vo 5 Wimeys el izl iletim kak anisi (dig) 0,090

TOPLAM 1,081 0,942 E7E,20 37,37
DUWAR:Topraga Temas Vg, | Wizl Izl iletim kats a1 (i) 0,120
Bodrum_Duvan 45 Algiharghgap 0,0z 12 0,017
102213 Bestride polistren kpigi- TS 0,0 0,04 0.750
5.1.1 Donatl oz 25 0,020
892215 Polimer bitdmld su wahbm Griidleri 0,005 0,19 0,05
W, 4 Yiizeys ehizil iletim kat anz (dig) 0,000

TOFLAM 0A5xAxU 1,003 0,997 470,00 234,20
Teoe: Uzeri Agik Vg, | Yiizersel Izil iletim kats avisi(ig) 0,130
Teraslar 5.1.1 Donath a1 25 0,040
46 Cimento hargh gap 0.0 14 0,06
102223 Bestride Polistiren Képldi- TS 0,0 0,04 0.750
1.4 Granit 0,03 28 0,011
V. 4 Wizeys el izl iletim kak anizi (dig) 0,090

TOPLAM 1,008 0,594 410,00 407,28
TAMAN: G atil Kollarlan Vg, | Viizeys el Izil iletim kats a1 (i) 0,430
Catb 6.33 Algidan duvar levhalar we 0,01 04 0,01
102213 Bestride polistren kpigi- TS 0,0 0,04 0.750
8222 Dikyongah levhalar (TS 3432) 0,01 0.7 0,050
92215 Polimer bitdmld suwahtm drtileri 0,005 0,19 0,05
Vg, 4 Yizeys el sl iletim kats ayis1 (dg) 0.090

TOPLAM 1,026 0,974 430,00 418,93
TABAM: Toprd Temash Vg, | Viizeysel Izil iletim kats ayis1(ig) 0,170
Doseme 46 Gimerta hargh g ap 0,05 14 0,025
5.1.1 [onatl 1 z25 0,400
Vg,  Vizeys el il lletim kat ayis1 (dg) 0,000

TOPLAM 0D5xaAxU 605 1,851 795,00 558,25
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Table A.1. 1st dorm — north block current insulation level (3 cm XPS) TS 825 software

annual heating energy theoretical calculations (cont.).

Binanin Ozgll Is1 Kaybi Hesaplama Gizelgesi

75

Binadaki Yap! Elemanlari

“ap Elemani| sl lleticenlil | 1= i1t enike ] ki k=1 Kayhi
Kalinhdi | Hesap Dederi Direnci | Gegirgenlic | Kaybedilen
lats ayis) uzey

) % R u A Ao
(i mk) (el | (e () (irky

Cig Penceret

28 1258 352,24

Dig ka1

559 1925 | 105,875

Y ap elemanlarindan ilstimyoluile gerceklesen 151 kayhi toplam =

= 3950,4

ThU= 30804

Bzoil 15 kayh | H= Hr + Hy

ZAL=UpAD + Upsp + Uk M+ 0.8 UTAT+ 0.5 Ltht + LdAd +..

iletim yoluyla gerceklegen is kayh ;
HT=ZAU + 1]

Havalandirma yoluyla gergeklesen 151 kavbi
Hu=0,33 . nh.Yh = 312300001

H=Hi+Hh = L0834 WK

) Kullame tarafindan tanimianan bilegenlerdir,



Table A.1. 1st dorm — north block current insulation level (3 cm XPS) TS 825 software

annual heating energy theoretical calculations (cont.)

Yillik Isitma Enerjisi ihtiyaci Hesaplama Gizelgesi

51 kayhi s kazanclan
Ozgal | Sicaklk| s igls Giines Kazang | laitma
Aylar | lsKayb | Farki | Kapplan | Kazana | Enerjsi | Taplam KKO | Kullararn | Enerjisi
Kazano Faktori | Ihtiyac
H:'-ll'+H\r ei'ee H(&I-ﬁg ¢i bs ¢[=¢i+¢3 ¥ nﬂ}’ Qw
g kG {0 () (W) (A ] & (klh
QCAK 164 113662 3188 26847 0,24 048 226.985.590
FUBAT 148 103.272 3072 27631 0,27 048 | 197492738
MART 1.7 82,759 453 28,290 0,34 0.494 144.849.247
MiSAN g2 43855 5257 28,911 0,66 07s 55221114
MaMS 1,0 7.073 5.805 29.464 417 .00 0
HAZIR &N 7.073Mm 1] 0 23659 £.048 29.707 0,00 0.00 0
TEMMUZ 0o 0 541 29570 0,00 0.0 i
sUsTOS 00 0 5609 29,265 0,00 0.00 o
EvLOL 0. 0 481 26540 0,00 0.00 0
EKiM 44 34560 4024 27583 0,80 071 38.091.947
KASIM 104 74271 3073 26732 0,36 044 127.377.373
ARALIK 15,2 107.516 2792 26.451 025 0.9a 211.490.634
-3
Qar =[H{Bi-0) vlpiay Hsa) 1] 1 KI=0278.10 Kk 0, =E0Q .= 1.002.308.182
-3
Toplarisi kaybe Gyl =0278x10 x 1.002309192 (k1= 78642 Lh
Ig 151 Kazancl Giay <= 5. An (W)
Giihes enetjisi kazancl ba.ar= Efiay % Giay ¥ liay x Ai
Kazang kayip arani KKOay = (diav + ds.a0)/ Higiarse.2)
Kazang kullanim faktara nay=1- e (1KKO )
z
Atopiem 466538 M
Vet = 147erm°
Hesaplama yapian binadaki birim hasggna diigen yilhk isttma enerjisi
2
Q=Qyy vt 1884 Kidhim A= 0320V = 47N m
Agp M= 032 oran) hilge icin EK AZahaen Q' = 22,4 AV + IBmillinde
yerne konuldudunda bina igin olmasi gereken en biyik 151 kaybi = Kwhig? bulunur,

=0 [18.84= 14 27) oldufundan bu binzigin hesaplanan yill kisitma enerjisi iktiyac olmas gereken en bliyik dederin

ustundedir. Bu proje, bu standartlarda verilen hesap metoduna gére standartiara uygun defildir.
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Table A.2. 1st dorm — north block alternative insulation level (4 cm XPS) TS 825 software

annual heating energy theoretical calculations.

Binanih Ozgul Is1 Kaybi Hesaplama Gizelgesi

“fapi Elemani| Izl llzbeentik | Izl ileteenlii =] =] 1 Kawbi
Kalinhgr | Hesap Dederi Direnei | @egirgenik | Kaybedilen
Kats awis1 “fuzey

Binadaki Yapi Elemanlar &m) i R u A sl

(it mb CmekA) (eI () ik
DUVAR:Dig Havaya Agk Vi, Yzl lsi iletim bats ayis 1 (ig) 0,130
Dig_Duvar 432 Alg hareikiregialg hara 00z o7 0,08
10.2.2.1.1 Bkstriide polistren képidi- TS 0,04 0,02 133
7316 HNormal dezk alinhgnda ve normal 0z 0,25 0,800
42 Cimento haret ooz 16 0012
A, 4 ikzeys el 121 iletim kat aniz1(dig) 0,040

TOPLAM 2344 0427 1723,00 4177
DUVAR:Dig Havaya Agk g, | Vizeyeel Isi iletim kats ayis1 (ig) 0,130
Kalon_Kirg 432 Alg harcikiredialg hara 00z o7 0,04
10.3.2.1.1 Bestriide polistren kipigi - TS 0,04 0,02 1,333
£1.1 Daonath 025 z5 0,100
42 Cimento harer oz 16 0012
Y 3 “ilzeysel 1zl iletim kat ans1(dig) 0,040

TOPLAM 1,644 0ens E7E 30 411,27
DUVAR: Toprada Temas Vg, | Vizeysel Isi iletim kats ayts1 (g 0,130
Bodrum_Cuvan 45 Algiharghgap o0z 12 0,017
10.22.1.1 Bestriide polistren kipiidi - TS 004 0.0z 1333
5.1.1 Donatl o0z et 0,020
Q2215 Polimer bitdmld zuyalm dridleri 0,005 019 0,05
g, 4 Yizeysel i51] letim kats ayis 1 (dig) 0,000

TOPLAM 05xARU 1,586 0,630 470,00 148,14
TAWAN: Uzeri Ak i, IYtizeysel Izl letim Ka'tsa'gnsl(igj 0,10
Teraslar £1.1 Donath (IR 25 0,040
48 Cimento hargh $ap 0,05 14 0,035
103211 Bkestriide polistren kdpidi - TS 004 0,03 122
1.4 Granit ifuc) 28 0011
s % “ikzeys el 121l iletim kate aniz 1 (dig) 0,040

TOFLAM 1,590 0629 440,00 257,90
TAVAN:Catih Kullanilan Vg, | Vizeys el sl letim kats ayes1(g) 0,120
Gat 6.3.3 Algrdan duvar levhalar ve o0 0.4 0,021
10.3.2.1.1 Bistriide polistren kipifi- TS 0.4 0,03 132
2222 Dikyongal levhalar (TS 2432 0,01 047 0,058
92215 Polimer bitdmid s yahbm drtileri 0,005 0,19 0,06
g, 4 Yizeysel 1511 letim kats ayis 1 (dig) 000

TOPLAM 1,510 ng21 430,00 267,12
TABAM: Toprad Temash Vi IY\'.izweyseI 1zl iletim Katsay:sl(ig) 0.17/m
[roseme 46 Gimento hargh zap 005 14 0,065
5.1.1 Donatl 1 258 0,490
Vg, 4 izeysel =1 iletim kat ayis1 (dig) 0,00

TOPLAM 0axAxU 508 1851 TREO0 | B5E2S5
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Table A.2. 1st dorm — north block alternative insulation level (4 cm XPS) TS 825 software

annual heating energy theoretical calculations (cont.).

Binanin Ozgiil Is1 Kayb Hesaplama Gizelgesi

Gzoil 1= kayh ; H= HT + Hy

Havaland rma yoluyla gerceklesen 151 Kaybi
He=0,33 . nh.¥h = 3.123,0000<

“vapi Elemani| =il lleticenli | 1= fleth anlil ] ] k1 Kayba
Kahnhg Hezap Dedern [Drire nci Gegirgenli | Kaybedilen
katzayi) uzey
Binadaki Yap1 Elemanlar & i B 4 n rod)
(fmig [ () (L]
Dig Fencerel 28 1258 392,24
g kapn 55 18,25 105,875
‘fap elemanlarindan iletimyoluile gerceklesen st kayh toplami = 1035,7
EAL = LUDAD + UpAp + Uk A+ 0.8 UTAT+ 0.9 Uit + Udfd +... iletim yoluyla gergeklesen s kayb ;
SAL= 3035.7 Hr=EAU+ LI

H=Hi+Hh = ... 6198,71... WK

1 Kullanic tarafindan tanimianan bilegenlerdir,




annual heating energy theoretical calculations (cont.).

Yillk Isitma Enerjisi ihtiyaci Hesaplama Gizelgesi

ls1 kayhi Is1 kazanclan
Ozgil | Sicakhk |51 igls Gines Kazang Isitma
Aylar | s Kayb | Fark | Kayiplan | Kazanc Enerjisi Toplam KKO | Kullanim | Enerjisi
Kazanc Faktirii Ihtiya ol
H=H+H | a-e | H@-8) b L d=t g ¥ L Qe
AN e ) A A ) &) L KD
QCAK 161 99155 3185 26.8547 027 098 188.814 081
SUBAT 14,6 89.917 3072 27 631 0,31 0.95 164.309.902
MERT 1,7 72057 4631 25290 0,39 0.82 119.309.519
RIS B2 38184 5252 25911 0,76 073 44,268,255
MEYIS 10 6159 5508 29.464 478 0.00 0
HAZIR A £.156,71 00 i 23659 £.043 29707 0,00 0.00 0
TEMMUZ 0o a 5811 29570 0,00 n.oo 0
ABUSTOS 0,0 a 5608 29268 0,00 0.00 o
EvLOL 0 0 4,581 28540 0,00 0.00 0
EKitd 49 30175 4024 27 B33 09z 0.66 30,862,371
KASIM 10,5 64 BEE 3073 26732 0,41 0.9, 104,561 682
ARALIK 152 93612 2752 26 451 0,28 0.97 176.138 562
-3
Qay = [HE 18- nipiay =) J10)] 1 kIZD278.10  Kwh B, =20 5 Ba8z6dmal
-3
Toplam s kaybr  Qwl =0278x10 x 820264842 (k)= 330238 Lwh
Iz 151 Kazano diar <= 5. An (W)
Gineg enerjisi kazana do.ar = Shiar ¥ Oiay 1 iy A
Kazang kayip orani KDy = ($iay + ds.a)f Hifiar@e.m)
Kazang kullanim faktéra nay=1-e 11KKOa)
- 2
Mtoglem = 4BBS3E m
Vit = 14787 m®
Hesaplama yapan binadaki birim hanggna diisen yilli 1sitma enerjisl
2
Q=0 Vot 1557 wvhim ° A= 058xV pg=  4TINEL m
Pyop Myip= 0,32 orani hilge igin Ek A2abaen ' = 22,4 AV + Idtmilinde
yarine konuldudunda hina igin olmas gereken en biyik 1s1 kayhi o= KwWhdgT bulunor, 3

0 = @' [15.57 14.87) oldujundan bu binaigin hesaplanan vl kisitma enerjisi ibtiyac olmas gereken en biyiik dederin
ustundedir. Bu praje, bu standartizrd= werilen hesap metoduna gére standartzrs uygun dedildir.
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Table A.2. 1st dorm — north block alternative insulation level (4 cm XPS) TS 825 software
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Table A.3. 1st dorm — north block alternative insulation level (5 cm XPS) TS 825 software

annual heating energy theoretical calculations.

Binamn Ozgiil Is1 Kaybl Hesaplama Gizelgesi

Yapi Elemant| sl lletcenlik | 151l lletentik 1] ] k1 Kaybi
Kalinhgy Hesap Degeri Direnci Gegirgenlk | Kaybedilen
Kats aye: Yuzey
Binadaki Yapi Elemanlan am A 2 U A e

(7mik) [ (ki) () [
DUVAR:Dis Havaya Agk g, Yizeysel lsd letim Iats a1 (g 0,130
Dig_Duvar 43 Alg haroikiredi alg hara 002 07 009
10.3.2.1.1 Brstriide polistren kopifi- TS 0,08 0,08 2,00
7318 Nommal dezkalinhginda ve normal 0z 025 0,800
42 Gimento hare o002 16 0,013
A, 4 Yizeysel sl iletim kak ayisi1 (dig) 0,040

TOPLAM 301 0,332 1739,00 577,54
DUMAR:Dig Havaya Agk Vg, | Yiizeysel Isi lletim Katsa;sl(ig) 0,130
Kolon_Kir 43 Alg harcikiredi algn hara 002 o7 0,029
10.3.2.1.1 Bkstride polistren kopiigi- TS 005 00 2000
5.1.1 Donath 0,25 25 0,100
42 Gimento harci 0.0z 18 0.013
1.ru_dY|‘iz¢ysal 151l iletim kats ayisi (dig) 0,040

TOPLAM 2311 0,433 676,30 29283
DUVAR:Toprada Temas g, | Yizeysel Isi letim Kats ays 1 (ig) 0,130
Bodrum_Duvan 45 Algharghsap 0,02 12 0017
10.321.1 Bestride polistren képidi- TS 006 06 2,000
5.1.1 Donath 0z 25 0,020
92215 Polimer btimli su yalibm crtiile ri 0,005 0,19 0,025
g, o Yizeysel isil iletim kat ayis1 (dig) 0,000

TOPLAM 05%xAxU 2253 0,444 470,00 104,31
TAVAN: Dzeri Agik Vg, | Yizeysel isi Iletim Kats ays1 (ig) 0,120
Teraslar 51.1 Donath 04 25 0,090
48 Gimento harghgap 005 14 0,05
10.3.2.1.1 Bestride polistren képigi- TS 006 0m 2,000
1.4 Grant [BXiE] 28 0,011
1!0_6Yiizeysel 151l iletim katks ayis1 (dis) 0,040

TOPLAM 2.2% 0,443 410,00 181,70
TAVAN: G atih Kullanilan Vg, | Yizeysel Isi letim Kats ays1 (ig) 0420
Gab B.3.3 Algidan duvar levhalar ve 00 047 0,021
103211 Bestride polistren képidi- TS 005 006 2,00
8222 Dk yongah levhalar (TS 3432) 001 017 0,058
0.22.1.5 Polimer bitimii su yalibm ortdleri 0,005 0,19 0,025
g, o Yizeysel isil lletim kats 2151 (dig) 0,00

TOPLAM 22% 0,433 430,00 188,89
TABAN: Topr &k Temash Vg, | Yizeysel lsil letim Kats aye1 (ig) 0170
Doseme 46 Gimento hargh sap 0,05 14 0.0es
5.1.1 Donabh 1 25 0,900
g, o Yizeysel isil iletim kats ayis1 (dig) 0,000

TOPLAM 05%xA XU B08 1,654 795,00 656,25
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Table A.3. 1st dorm — north block alternative insulation level (5 cm XPS) TS 825 software

annual heating energy theoretical calculations (cont.).

Binanin Ozgiil Is1 Kaybi Hesaplama Gizelgesi

“rapl Elemani| sl letkenlik | 1210 ileteenik

] El k1 Kaybi
Kalnhgi | Hesap Dederi Direnci | Gegirgenlk | Kaybedilen
Wats ayit Yuzey
Binadaki Yapi Elemanlari & kA R u A Aodl
CREATHG CrAkAy | Rk () (ifk
g Pencerel

28 1258 352,24

Dig Kapil

55 19,25 | 108,875

Wapl elermanlanndan iletimyoluile gergeklesen s kavhi toplami =

25259

EAU=UDAD + UpAp + Uk Al + 08 UTAT # 0.8 Ut + Udhd +

iletim yoluyla gergeklegen 1s) kaybi |

S 26259 Hr=zAU+ Ul
e oy Havalandirma yoluyla gercekiesen 1= kayh
Qzgil s kayhn ; H= Hr + Hy Hy=0,33. hh Wh = 3.423,00iK
H=Hi+Hh = ... 564891 . Wk
) Kullanict tarafindan tanimianan bilegenlerdir




Table A.3. 1st dorm — north block alternative insulation level (5 cm XPS) TS

825 software annual heating energy theoretical calculations (cont.).

Yillik Isitma Enerjisi ihtiyaci Hesaplama Gizelgesi

l51 kayh ls1 kazanglar
Ozgil | Sicakhk k] igla Gines Kazang lsitma
Aylar Ist Kaytn | Farki | Kayiplan | Kazano Enerjisi Toplam KKO | Kullarim | Enerjisi
Kazanci Faktard Ihtiyac
H= H'I'+H\r ei_ee H(al-ee) ¢i LE Q[=¢i+¢3 ¥ nﬂ)’ Qny
A e iy W0 ) 0 ] -] kD
OC A 161 30947 3188 26 847 0,30 0.96 165931 399
SUBAT 145 62474 3972 27 B3 0,34 0.95 145,733 568
MaRT M7 £6.092 4 631 28200 0,43 0.90 105315674
MisanN 6,2 35023 5252 25811 0,83 070 35.323 566
eyt 1,0 5.649 5.805 29 464 5,22 0.00 1}
HAZIR &6 564891 0,0 i 23659 £.048 29707 0,00 0.00 o
TEMMUZ 00 0 5911 29570 0,00 0.00 o
ABUSTOS 0,0 0 5.509 29268 0,00 0.00 0
EvLUL 0.0 0 4851 28 540 0,00 0.00 o
Ekitd 43 27 650 4024 27 BE3 1,00 0.63 26.540.159
K ASIh 105 59314 3.073 25732 0,45 0.8a 92072648
AR ALIK 152 55563 2792 26 451 0,21 0.96 156,738 841
-3
Qar = [H8i-8a) nipiay +dsad 1] 1 KJ=0278.10  Kwh Q=E0 .7 733.656.945
-3
Toplamisi kaybn  Qwl =0278x10 = T33.656.945 kil = 203.857 kb
Iz 151 Kazana diay <= 5. An (W)
Glneg enerjisi kazanc o2y = Triay ¥ Qiay o liay x A
Kazang kayip oran Kk Oay = (iay + ds.a)f H@ia-0 e
Kazang kullanirm faktaro nay=1-¢g - TKEO )
- 2
Mopam = 4EB53E m
Vet = 14787 m?
Hesaplama yaplan binadali birim hanagna dizen il 1sitma enerjisi
2
Q=0 i Vot 1379 kwhin A= 082xV = 473EL m
Mo Myt™ 0,32 oran hilge igin Ek AZ5HRen O = 22,40 AV + fimilinde
yerine konuldudunda bina igin olmasi gereken en blyik 151 kayb Q= KwhaBT bulunur, ®

Q= G'[13.79 14 87 oldujundan bu binaigin hesaplanan yilkisitma enerjisi ibtiyvac ol mas gereken en biylk dederin
dtindadir. Bu proje, bu standartlarda werilen hesap metoduna gére standartlara oygondur.




Table A.4. 1st dorm — north block alternative insulation level (6 cm XPS) TS

825 software annual heating energy theoretical calculations.

Binanin Ozgiil Is1 Kayb Hesaplama Gizelgesi

“apiElemani| =il leticenlile | Isil ileticenlik =] ] 1 Kayh
Kalinhg Hezap Deder Dire nci Gegirgenlk | Kaybedilen
Katz ayis) Fuzey

Binadaki Yapi Elemanlan & B R u A sodl

(T CrehAy | (e () sk
DUWAR:Dig Havaya Agk W IYllizmegseI Izl iletim Kats aye: (igj 0,130
Dug_Diunvar 43 Alghare kiredi alg haro 0,02 ar 0,029
N3211 Bestriide polistren kpidi- TS 0,05 0,0z 2,00
7316 MNormal dezkalinhginda we normal oz 0,25 0200
42 Cimenta hare 0,02 16 0,01z
W 4 izeysel 15l iletim kakans (dig) 0,090

TOPLAM 2,01 0,32 173800 | 57754
DUVAR: DNy Havaya gk Vg | Yiizeysel I=i iletim kats i (ig) 0,120
olon_Kirig 43 Algharer kireddi algn haro 0,02 ar 0,0
0.3.2.1.1 Bestride polistren képigi- TS 0,06 0,03 2,000
54.1 Donath 0,25 25 0,100
42 Cimerto hare 0,02 15 0,012
Ve, i Yizeysel 151l iletim kakans (di) 0,040

TOPLAM 231 0,433 EYE 30 29263
DUwAR: Toprada Temas Vg | Viizeysel I=i letim Kats v (ig) 0,120
Bodrum_Divan 45 Algharghgap 0,02 1z 0,017
103211 Bistride polistren képidi- TS 0,05 00z 200
5.1.1 Donabh oz 25 0,00
92215 Polimer bitGmli £u wahbhm drtileri 0,005 0,19 0,05
Vg, o vizeys el 21| iletim kat anis) (dig) 0.000

TOPLAM DAxAxU 2253 0,444 470,00 104,21
TN Ozeri Ak Vg | Viizeysel I=i letim Katsayis (ig) 0,130
Teraslar §.1.1 Conath 01 25 0,040
46 Cimerto hargh gap 0,05 14 0,06
103211 Bistride polistren képidi- TS 0,05 00z 2000
1.4 Granit 0,02 25 0,011
Vg, 2 Yizeysel 1=z iletim kakans (dig) 0,090

TOPLAM 225 0,443 440,00 181,70
TAMAN: G atiln bullanlan Ve | Viizeysel I=i letim katsayvi (ig) 0,420
Gab G232 Algidan duvar levhalar ve 001 o0 0,021
10.2.2.1.1 Bistride polistren képddi- TS 0,05 [¥ic] Z2,0m
2222 Dkyongal levhalar (TS 34520 0,01 017 0,080
92215 Polimer bitdmli £u wahbm drtileri 0,005 019 0,05
g, o Vizeys el 51| iletim kak anis) (dig) 0,040

TOPLAM 2278 0,433 420,00 18889
TABAN: Topr 3 Temash Vg, | Tizeys el Isi iletim batsayis (ig) 0,470
Doseme 46 Gimento hargh 5ap 0,05 13 0,035
5.1.1 Conatlh 1 25 0,400
Vg, 4 Tizeys el 1=1] iletim kat ayis1 (di) 0,000

TOFLAM 05xAxU EE 1,851 TI5,00 ESE,25

&3



Table A.4. 1st dorm — north block alternative insulation level (6 cm XPS) TS

825 software annual heating energy theoretical calculations (cont.).

Binanin Ozgul Is1 Kaybl Hesaplama Gizelgesi

“api Elemant| =il Heteenlile | Isil ileteenlil ] ] k1 Kaybi
Kahnhg Hesap Degeri Crirenci Gegirgenlic | Kaybedilen
Kats ayis “fuzey
Binadaki Yap1 Elemanlari dmi A R u A ol
iy Crekins | ek () (it
Dig Pencerel 28 125,83 362,24
Dig Kapi1 L] 19,25 105,875
apl elemanlanndan iletimyolu ile gergekliesen 51 kayhi toplami = 2529
EAU=UpAp + UpAp + Ui+ 0.8 UTAT+ 0.5 Ukt + Udhd +. iletim yoluyla gergeklegen 15 kayh ;
Eii 25259 Hr=zall+|Ul
e Havalandirma yoluyla gerceklesen 11 kayb
QRHlSERAR I AR e He=033. rh. ¥h = §3.1§3,D1NIK

H=Hi+Hnh =.. 5648,91. .. WK

1 Eullanict tarafindan tanmianan bilegenlerdir.
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Table A.4. 1st dorm — north block alternative insulation level (6 cm XPS) TS

825 software annual heating energy theoretical calculations (cont.).

Yillik Isitma Enerjisi ihtiyaci Hesaplama Gizelgesi

I51 kayhn |51 kazancglan
Ozgil | Sicakhk [ igla Gines Kazang Isitma
Sylar | ls Kaybr | Farke | Kayiplan | Kazano Enetjisi Taplam KKO | Kullamir | Enerjisi
Kazano Faktin Ihtiyaci
H=H+H | e-9s, | Ha-9o) 4 bs =0 i - Qpy
Ik Lage] ) (A7) (A7 o) ) 9] ()
OC &K 16,1 90.947 3188 26,347 0,30 0.96 165.931.389
SUBAT 145 82474 34972 27 631 0,34 0.95 145733868
MART 17 66.092 4631 28.290 0,43 0.90 105315674
MiSan 52 35023 5252 28911 0,83 070 35.323 566
MAYIS 10 5649 5805 29.464 522 0.00 i
Hazir &M 5.643,31 00 i 23659 5.048 29.707 0,00 0.00 i
TEMMUZ 0o 0 5411 29.570 0,00 0.00 i
A3USTOS 04 0 5509 29268 0,00 0.00 0
EvLOL 00 o 4881 28,540 0,00 0.00 0
EKim 49 27 B0 4024 27 683 1,00 063 26540158
KASIM 105 59.314 3073 26,732 0,458 0.8 92072545
BRALIK 152 85,363 2792 26.451 0,31 0.98 156.738 541
-3 e o
Qay = [H{@i-8e)- nipiay +d=a) 1] 1 kI=0278.10  KwWh Q=@ = TAXBoG A4S
-3
Toplamis kaybr  Qwl =0278x10 x T33.656.945 (ki1 = 203.957 kiwrh
Ig 151 Kazano diay <=5 An (W)
Gines enetjisi kazanc da.ay = Shiay ¥ Oiay ¥ liay % A
Kazang kayip orani bR ay = (diay + de, 2 Higiarg ea)
Kazang kullanirm faktori nay=1- g (1KKOa]
- 2
Hoglam = 466535 m
Vet = 14767 m?
Hesaplama yaptlan binadaki Birim hamggmna dilgen vk isitma enerfis’
2
Q= Qi Vot 1378 ki B A= 032x%V = 473B4 m
Mop Mogpt™ 0,32 0ranl hilge igin EK AZablasn Q' = 22,4 AV + Frmilinde
yerine konuldugunda bina igin olmasi gereken en bayik 151 kaybi Q= KWhdga 7 bulunur,

@ = @' [13.79= 14.87) oldugundan bu binaigin hesaplanan yillikisitma enerjisi iktivac ol mas gereken en bl yik dederin
dtindadir. Bu proje, bu stand=rtlarda werilen hesap metoduna glre standartiara uygundur.
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Table A.5. 1st dorm — south block current insulation level (3 cm XPS) TS

825 software annual heating energy theoretical calculations.

Binarmin Ozgil Is1 Kaybl Hesaplama Cizelgesi

“apiElemant| Isil leboentk | 1z fleticenlilc ] =] k1 Kaybi
Kalinhg Hesap Deferi Dirensi | Gegirgenlk | Kaybedilzn
ats ayis1 “fuzey
Binadaki Yapl Elemanlari & m h R U A Ao

rmb I I ] ] (iirks)
DUVAR:Diz Havaya fgh 1y, | Yiizeyeel 151 iletim bats ayes1 Cig) 0,120
Dis_Duvarlar 42 Alg harenire gli algn hara 00z or eV
102213 Bistriide polistren kapidi- TS 00 0,04 0750
7346 MNormal derzkalinhjnda ve normal oz 0,25 0,500
42 Cimerto haro 00z 16 0013
g, ; vizeysel il iletim kak s (dig) 0,090

TOPLAM 1,781 0,588 1735,00 38T 47
DUVAR:Diz Havaya figh g, | Yiizeysel i iletim kats ayes1 (g 0,130
kolon_kirs 4.3 Alg haroikiredi alg hara o0z o7 [EES]
10.32.1.3 Bestriide polistren b dpidi - TS 003 0.4 [FET]
511 Donatlh 025 25 [ER[
42 Cimerto haro 00z 16 0013
g 4 “ieyz el 151l iletim kat anzi (dig) 0040

TOPLAM 1,081 0,32 ETE 20 B3737
DUWAR: Topraga Temas g, | Viizzyeel Isil iletim kats ayes1 Cig) 0,120
Bodrum_Duvan 45 Alp harghgap oo 12 0o17
10.321.3 Bestriide polistren b dpi §ii - TS 003 0,04 0730
5.1.4 Donath 02 25 [iX=1]
92215 Polimer bitdmld su valhm artiileri 0,5 0,19 0,025
g, izzays el =1l letim kats ayns 1 (dig) 0,000

TOPLAM 05%axU 1,00 0,97 470,00 234,30
TAMAN: Dzeri Agik g, | Viizzyeel Isil iletim kats v (ig) 0,120
Teras_Cati 514 Donatlh 04 25 0,090
46 Cimento hargh 5ap 00 14 005
103223 Bestriide Polistiren Képidii- TS ifnc] 004 0730
1.4 Granit [ifuc 28 0,011
T, 4 “rizeys el izl iletim kak anzi(diz) 000

TOPLAM 1,008 0,994 410,00 407,38
TAMEN: G atih Kullamlan g, | riizzysel sil letim Kats ayes 1 (ig) 0,120
Tavani.1 6.3.3 Algrdan duvar levhalar ve o1 0,47 0,021
102213 Bistride polistren kapidi- TS 00 0,04 0780
£.2.22 Dioyongal levhalar (TS 3982 0,01 0,17 0,058
9.2.245 Polimer bitimli su yalim drtdleri 0,005 0,19 0,05
g, TiEzeys el t=1l letim kak a1 (dig) 00

TOPLAM 1,026 0,974 430,00 41293
TABAN: Toprd Temash g, | riizzysel sil letim Kats ayes 1 (ig) 0,170
Taban1.1 46 Gimento hargh gap 005 14 0,055
5.1.1 Donabh 1 25 0,400
g, 4 Vizeysel izl iletim kats ayis1 (dig) [EXEE]

TOPLAM 05%4xU G 1,861 795,00 B5G25
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Table A.5. 1st dorm — south block current insulation level (3 cm XPS) TS

825 software annual heating energy theoretical calculations (cont.

Binanmin Ozgul Is1 Kaybi Hesaplama Gizelgesi

).

vapi Elemant| zil lleticenlile | 1zl ilzticentil 1 =] e Kayhn
Kahnhd Hesap Daderi Direnci Gegirgenlic | Kaybedilan
Kats aye ruzey
Binadaki Yapl Elemanlari &m A R u A Aol
imie) (rekinny | Rk [ (it
Dng Pencere 28 1258 352,24
Dig Kapil e 19,25 105,875
‘fap elemanlanndan iletimyoluile gergeklesen s kayb toplami = 39504
EAL= UDAD + UpAp + Uk A+ DB UTAT+ 0.5 LA+ LdAd +. iletim yoluyla gergeklegen s kayh |
S 39504 Hr=zal+
s Hawalandirma yoluyla gergeklegen s kayhi
Ozgihis kayvh ; H= Hr + He Hv=0,33 . nh.¥h = £ 3.133,I]WIK

H=Hi+Hh = . 707341, Wik

(" Kullanici tarafindan tanimlanan bilegenlerdir.
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Table A.5. 1st dorm — south block current insulation level (3 cm XPS) TS

825 software annual heating energy theoretical calculations (cont.).

Yillik Isitma Enerjisi ihtiyaci Hesaplama Gizelgesi

ls1 kayh ls1 kazanclan
Ozgil | Sicakhk Isi iglal Gineg Kazang stz
Aylar Ist Kaybi | Fark | Kayiplan | Kazano Enerjisi Taplam KKO | Kullamim | Enerjisi
Kazancl Faktér Ihtiyaci
H=H+H [ a.8 | Hig-8) L L b= t Moy Qg
AT K.2C ) L] 0 ) - ] W)
OCAK 16,1 113.562 3519 27178 0,24 0.98 226.145.004
SUBAT 14,6 103272 4.309 27 965 0,27 098 196,636 560
MART 17 52759 4332 28541 0,34 0.4s 144.231.314
WIS AR g2 43,855 5424 29.083 0,66 07e 54575267
AS 1.0 7073 5.888 29557 4,18 0.00 0
HAZIR A0 7.073,41 oo i 23659 E.134 29,793 0,00 0.00 i
TE MMUZ 0.0 a 5997 29.656 0,00 0.00 i
ABUSTOS oo 1} 5.752 29.411 0,00 n.oa 0
EvLUL 00 a 5111 28770 0,00 0.00 i
Ekitd 449 34 660 4326 27985 0,81 0.71 38.336.222
HASIM 105 74271 3360 27018 0,36 0.94 126.678.311
ERALIK 152 107516 3.094 26,753 0,25 0.98 N07237N
-3
Qay = [HBi-62)- npisy +hsad] 1] 1RI=027B10 K QTEQ 7 ER
-3
Toplarm st kaybn  Cyl =0 278x10 x 997 625.189 (ki) = 277340 kiwh
Ig 151 Kazano diay <= 5. An (W)
Giineg enerjisi kazano $aay = Efiay % Qiay % liay x Ai
Kazang kayip oran KK Oay = (diay + ¢=, 20 Higiar-gem)
Kazang kullanim faktéri nav=1- g - 1/KK O )
- 2
HMoplam = 4EB53E m
V rit = 14787 m®
Hesaplama yaprian binad skl birim hamggna dilsen vk 1sitma enerjis
2
Q=0 vbrut 1876 kwhim P A= 0325V pg= 47384 m
Ayop Morit= 032 orani hilge igin Ek AZ5Hean Q' = 22,4 AN + Fmilinde
yerine konuldugunda bina igin olmas gereken en boyik s kayb Q= KhdrgT bulunur. 3

0= Q' (1575 14.87) oldufundan bu binaigin hesaplanan vill k=t ma enerjisi iltivac olmasa gereken en biiyiik deferin
ustundedir. Bu proje, bu standartlard= verilen hesap metoduna gire standartlara uygun degildir.
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Table A.6. 1st dorm — south block alternative insulation level (4 cm XPS) TS

825 software annual heating energy theoretical calculations.

Binanin Ozgul Isi Kaybl Hesaplama Gizelgesi

“api Elemanu| =il letienlile | 1zl iletsenlil ] ] k1 Kay
Kalinhg Hes ap Dederi Direnci Gegirgenlic | Kaybedilen
Kats ayir uzey

Binadaki Yapi Elemanlan & % R U A Aol

[Tk (kA (mekn) () (il
CUVAR:D1S Havaya Aok g, | Vizesel sl iletim Kats a1 (gl 0,130
Diz_Duvarlar 4.3 Alg harcikiredialg hara 0,02 o7 0,029
103211 Brstriide polistren kop 004 0,03 122
7.3.16 Normal derzkalinhdinda ve normal oz 0,25 0,50
42 Gimento harel 002 15 0013
Vo quLizeys el iz1l iletim kat aws) (dig) 0,040

TOPLAM 2,3 0,427 172800 | 744,77
DUVAR: D Havaya Agk Vi, | Viizeyel Isi iletim kats ave 1 (ig) 0,120
Kilan_Kirks 42 Alg harenkiredialg hara oo a7 0,028
0.2.2.1.1 Bestride polistren képifdi- TS 0,04 0,03 13353
5.1.1 Donath 025 25 0.100
42 Gimento hare 0,02 16 0,012
g, lelizefys el izl iletim kak aniz i (dig) 0,040

TOPLAM 1,644 0e0s EVE 30 41127
DUWVAR: Topraga Temas Vg, | Yizeysel lsi iletim Kats a1 (ig) 0,120
Badrum_Duwean 45 Algihargh sap 002 12 0,017
103211 Bestride polistren kopiigi- TS 0,04 0,03 122
511 Caonath oz 25 0,00
02215 Paolimer bitdmid su yalhm drileri 0,005 0,19 0,025
g,  Viizeysel 151l lletim katays (dig) 0,000

TOPLAM 05xAxU 1,586 0,630 470,00 143 14
TAMAN: Dzer Aok Va, | Viizeysel Isi letim Kats avis1 (ig) 0,120
Teras_Cati 5.1.1 Donath 0.1 25 0,040
45 Gimento hargh gap 0,05 14 0,025
10.2.2.1.1 Bestride polistren képiddi- TS 0,04 0,03 135
14 Grant 0,0z zz 0,011
Wy, lelizefys el izl iletim kak awis 1 (dig) 0,040

TOPLAM 1,590 0,629 410,00 257,90
TAVEN:C abih Kullarlan a IYLizm,seI Izl {letim Kaisaylsl(ig) 0,120
Tawvani.1 5.33 Algidan duwar levhalar ve 0,01 0,47 0,01
103211 Bestriide polistren kopiidi- TS 0,04 0,03 122
8222 Dioyongah levhalar (TS 3482 0,01 017 0,058
92215 Polimer bitdmlid su yalhm dridleri 0,005 0,19 0,05
Uy,  Vizeys el 151l lletim kate ayis1 (dig) 0,09

TOPLAM 1,610 0,821 430,00 ZET 12
TABAN: Toprac Temash Vg, | Yiizeysel lsil iletim Katzayei (i) 0,170
Taban1.1 46 Gimerts hargh sap o0s 14 0,05
541 Daonabl 1 25 0,40
Va, , Vizeys el 151l iletim kat s (dig) 0,000

TOPLAM D5xA XU B0 1,851 795,00 656,25




Table A.6. 1st dorm — south block alternative insulation level (4 cm XPS) TS

825 software annual heating energy theoretical calculations (cont.).

Binanin Ozgul Is| Kaybl Hesaplama Cizelgesi

“api Elemani| Izil lleticenlile | 1zl ileticenlic ] ] k1 Kayb
Kalinhg Hesap Dajeri Direnci Gegirganll | Kaybadilen
Hats ayis1 “uzeyw
Binadaki Yapi Elemanlari &m t R u A sodl
Ak [ ] ek ([ LB
Dig Penceret 28 1258 362,24
Dig Kapi ] 19,25 105,875
' apl elemanlanndan iletimyoluile gerceklesen s kayhi toplami = 3035.7
EAU=UDAD + UpAp + L Ak + DB UTAT + 0.5 Uit + Uafd +.. iletim yoluyla gergeklesen 1si kavhl
Er 30357 Hr=zAll+ U
s Havalandirma yoluyla gerpeklegen s kayhi
Ozodlis kayb ; H= HT + Hy He= 093 hh.Vh = §3.1§3,UWIK

H=Hi+Hh = .. G.188,71. .. Wk

1 kullanic tarafindan tanimilanan bilegenlerdir.
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Table A.6. 1st dorm — south block alternative insulation level (4 cm XPS) TS

825 software annual heating energy theoretical calculations (cont.).

Yillik Isitma Enerjisi Ihtiyaci Hesaplama Gizelgesi

I51 kbl Is1 kazanglan
Ozgil | Sicakhk El igla Gines Kazang lsitma
Aylar lsi Kaybr | Fark | Kayiplan | Kazano Enerjisi Toplam KKO | Kullamirn | Enerjisi
Kazanc Faktari Ihtiyac
H=Hr+H‘I 6-6, | Hg-9) LR e ¢[=¢i+¢3 ¥ Moy Qw
k) LS iy () () 0 G =) (ki
O A 161 99155 3519 2778 0,27 083 187 973476
SUBAT 145 59917 4309 27 968 0,31 0.98 163.471.390
MART "7 72057 4 852 28 541 040 0.92 118.711.026
MiSam 52 35184 5424 29.033 0,76 n7a 43942959
WA 10 5159 5898 29557 4,80 0.00 0
HAZIR AN 6.158,7 00 0 23559 6134 29793 0,00 0.00 0
TEMMUZ oo a 5937 29 G56 0,00 0.0o a
AGUSTOS 00 0 5752 29.411 0,00 0.00 0
ELUL 00 0 5111 28770 0,00 n.oo 0
EKim 49 30178 4526 27 935 0,93 0.66 30,345 786
KASIM 105 £4 666 33650 273 042 0.91 103 664 651
2R ALIK 152 93512 3094 26753 0,29 087 175.378.365
3
Qay =[H({@i-06) ripiay +d=ad] 1] 1 kI=027810  KWh =20 = 823709.143
-3
Toplamisikaybr  Qyl =0278x10 = B23.709.143 (ki) = 228.991 Jewvh
Ig 151 Kazanc iar <= 5. An (W)
Gineg enerjisi kazanc Po.ar= Eriay ¥ Qiar o liay 1 A
Kazang kayip orani KK Oay = (piay + de,ay)f Hgiay-6 o)
Kazang kullanim faktorii nay=1-8 (- 1KOay)
- z
Propiam = AEBE3S  m
Vit = 14787 m?
Hesaplama yaplan binadaki birim hanggna disen il 1sitma enerjis
2
Q=0 Vot 15.48  KWwhin ° A= 082x Y = 4TIEL m
Ayop M= 032 orani hilge igin EK AZ4HREn Q' = 22,40 AV + T@milinde
yerine konuldugunda bina igin olmasi gereken en blyik 151 kayb Q= KwhaaT bulunur, *

Q= 0Q'[15.4% 14 87 oldudundan bu binaigin hesaplanan wilhkistma enerjisi iktiyac ol ma=s gereken en bilyiik dederin
ustundedir. Bu proje, bu standartlards werilen hesap metoduna gire standartiara uygun dedildir,
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Table A.7. 1st dorm — south block alternative insulation level (5 cm XPS) TS

825 software annual heating energy theoretical calculations.

Binamin Ozgiil Is1 Kaybi Hesaplama Gizelgesi

wapi Elemant| Izil lleticenlile | 1=l izt enlik 1 1 1 Hayb
Kalinhgi Hes ap Dederi Direnci Gegirgenlic | Kaybedilen
Kats ayis) uzey

Binadaki Yapl Elemanlari &) s R U A Ao

itk Ry | (A | (e ik
CUVAR: D15 Havaya Aok Vo, | Tiizesel sl iletim Kats avis (gl 0,120
Diz_Duvarlar 43 Al harckireglialg haro 0,0z o7 0,02
10.2.2.1.1 Bestride polistren képidi- TS 0,05 00z 1657
7316 Normal dezkalinhdinda ve normal oz 0,25 0,200
42 Gimento hare 0,02 15 0,012
o, d izeys el izl iletim kat ans i (dig) 0,040

TOPLAR 2672 0,372 1728,00 E49,42
DUVAR i Hawaya Agk o IYLiZE\,s el Izl iletim Ka‘lsa;rlsl(it;j 0,130
Kalan_Kire 4.3 Algharenkiregialg hars 002 o7 0,028
10.3.2.1.1 Bkstride polistren képigi- TS 0,05 0,03 16657
5.1.1 Denath 0,25 25 0.100
42 Gimento haro 0,02 15 0,012
Wy, i Yiizeys el izl iletim kat anis i (dig) 0,040

TOFLARM 1497 0,508 ETE, 20 341,96
DUWVAR: Toprada Temas W, | Yiizzysel Isi iletim kats avis (ig) 0,130
Bodrum_Couvan 45 Algharghsap 0,02 12 0,017
10.2.2.1.1 Bestride polistren képidi- TS 0,05 002 1657
5.1.1 [onath oz 25 0,00
9.221.5 Polimer bitGmld suwahtm drtiler 0,005 0,19 0,05
W, 4 Vizeysel isil iletim kat ayis1 (dig) 0,000

TOPLAM 05=AxU 1,920 0821 470,00 12242
TeoweH: Uzeri Atk a IYLiZE\,s &l Izl iletim KE“SE’},I’ISI(i?) 0,120
Teras_Cati 5.1.1 Donatl o1 25 0,040
46 Gimento hargh sap 0,05 14 0,06
10.2.2.1.1 Bestride polistren képidi- TS 0,05 002 1657
1.4 Granit 0,0 28 0,011
Wy, i Wiizeys el izl iletim kat anis 1 (dig) 0,040

TOPLAM 1,923 0,520 410,00 213,20
TAVAN: G atil Kullanilan V| Tiizzeel Isi iletim bats ayis1(ig) 0,130
Tavan1.1 5.33 Algdan duvar levhalar we 0.01 0. 0,021
10.2.2.1.1 Bestride polistren képidi- TS 0,05 002 1657
8222 Dkyongal levhalar (TS 34982) 0,01 o7 0,00
9.2215 Polimer bitdmld suwahhm drtiler 0,005 0,13 0,06
W, 4 Vizeys el 151l iletim kat anis1 (dig) 0,040

TOPLAM 1,842 0,515 430,00 224,20
TABAN: Topr 3 Temash a, IYLizeyseI Izl Tletim Kaisaylsl(it;) 0,170
Taban1.1 45 Cimento hargh gap 0,05 14 0,05
511 [aonath 1 25 0,900
o 4 iizeys el izl letim kat anis (dig) 0,000

TOFLAR 0524 xU B0 1,651 @500 | 65625




Table A.7. 1st dorm — south block alternative insulation level (5 cm XPS) TS 825

software annual heating energy theoretical calculations (cont.).

Binanin Ozgiil Isi Kayb Hesaplama Gizelgesi

“vapi Elemani| Isil lleteenlic | s iletentii ] ] k1 Kaybn
Kalinhdi Heszap Dederi Direnci Gegirgenii | Kaybedilen
Kats aye Tuzey

Binadaki Yapi Elemanlari & A s 4 8 st

ik (mEKA (@K () (i)
g Pencerel 28 1258 352,24
D Kapn ] 19,25 105,875

ap elemanlanndan iletimyolu ile gerceklesen s kavintoplam = 27405

ZAU=UpAD + UpAp + Ul Al + 0.8 LITAT+ 0.0 LAt + Ulaha +..
EAU= 2740,5

Ozgil 15 kayhi ; H= Hr + He

iletim yoluyla gerceklesen 11 kayh ;
Hr=z AL+ LI

Hawvalandirma yoluyla gercekiegen 1s1 kayh
He=033 . nh . ¥h = 3.123,04000<

H=Hi+Hh =

L BB63.51. . WK

) Kullanici tarafindan tanimianan bilegenlerdir,
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software annual heating energy theoretical calculations (cont.).

Yillik Isitma Enerjisi ihtiyaci Hesaplama Gizelgesi

Table A.7. 1st dorm — south block alternative insulation level (5 cm XPS) TS 825

[51 ket Is1 kazanglan
Ozgil | Sicakhk Isi icls Gineg Kazang | lsitma
Ayflar ls Kaybr | Fark | Kayiplan | Kazano Enerjisi Taoplam KKO | Kullamm | Enerjisi
Kazano Faltarl Ihtiyac
H= HI'+H\r 6-8, | Ha-8) LN he dz[=¢i+¢S b Mgy Qw
(WK (K0 {0 ) ) A 9] 9. (k)
OC 2K 16,1 84,403 3518 27178 0,29 0.67 176356672
SUBAT 14,6 85.607 4309 27 968 033 0.95 153,025 060
MART M7 65 503 4882 2854 0,42 0.91 110,498 430
MISAN 6.2 36.354 5424 29.083 0,80 0.7 40.706.484
MANE 10 5864 5898 29557 504 oo ]
HAZIR A 5.863.51 00 0 23659 6134 29.793 0,00 n.00 0
TE M LUZ oo 0 5887 29 656 0,00 o.oo ]
ASUSTOS 0,0 0 5752 29.411 0,00 0.00 0
EvLOL 00 0 5111 28770 0,00 0.00 0
EHiM 43 28731 4326 27 935 0,97 .64 25.047.252
KASIM 105 61 567 3360 27019 0,44 0.90 95.550.847
ARALIK 13,2 899123 3.094 26.783 0,30 0.96 164 442317
-3
Qay = [Hgi-8e) vlbiay +oa) 1LY 1 KI=027810 KR Q=20 = T69.629.551
-3
Toplamist kaybr  Qwl =0278x10 x 769.629.551 (ki) = 213,987 lwh
I§ 151 Kazana Gay <= 5. An (W)
Gines enerjisi kazanc da.ar=Zliay ¥ Oiay ¥ liay x Ai
Kazang kayip arani KK Oay = (diay + de,a)f Higiarea)
Kazang kullanim faktari nar=1-8 (C1KKD 4]
- 2
Aol = AB8538 m
Vet = 1477 om®
Hesaplama yapilan binadaki biriem haoagna digan vilik 1s1tma enerjisi
2
Q=Qy vt 1447 v A= 0325V = 47384 m
Argp Vo= 0,32 oran) hiilge igin EK AZ4Hean Q' = 22,4 AV + Trmillinde
yerne konuldugunda bina igin olmas gereken en biyik 151 kaybi o= Kivhdg 7 bulunar,

O =10"[{14.47= 14 87 oldufundan bu binaigin hesaplanan yillikisitma enerjisi iltivac olmas gereken en biyik dederin
dtindadir. Bu proje, bu standart|arda verilen hesap metoduna gire standartlara uygundur.
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Table A.8. 1st dorm — south block alternative insulation level (6 cm XPS) TS

825 software annual heating energy theoretical calculations.

Binamn Ozgiil Is1 Kaybi Hesaplama Gizelgesi

api Elemani| =il leticenlile | 1=l iletsenlik ] ] k1 Kayt
Kalinhg Hes ap Deferi Direnci Gegirgenlic | Kaybedilen
Kats ayer uzey

Binadaki Yapi Elemanlar &m i1 R 2 2 o]

N (el ki ] (iirky
CUVAR:Ds Havaya Aok Vg, | Vizzsel lsi iletim Kats a1 (ig) 0,120
Diz_Duvarlar 43 Alg harckiregialg hare 002 a7 0,0
103211 Bestride polistren képidi- TS 0,06 0,03 2,000
7316 Normal dezkalinhdinda ve normal oz 0,25 0,500
42 Gimento hare 0,02 16 0,013
o, d Yizeysel izl iletim kak ans ) (dig) 0,040

TOPLARM 301 0,332 1728,00 57754
DUWAR:Dig Hawaya Agk a, IYLizmeys &l Izl iletim Ka‘lsaylsl(i-;j 0,120
Faolon_Kirs 4.3 Alg harakiredialg hara 0,02 oy 0,028
103211 Bestride polistren kidpidi- TS 005 0,03 2,0
5.1.1 Donath 0,25 Z5 0,100
42 Gimento harel 002 15 0,013
g, leLizefys el izl iletim kak ans 1 (dig) 0,040

TOPLAM 2,311 0,433 £76,30 2IZEE
DUWAR:Topraga Temas a, IYLizmeys &l Izl iletim Ka‘lsaylsl(i-;j 0,120
Bodrum_Curan 45 Alg hargh zap oo 12 0,017
0EE11 Brstride polistren képigi- TS 0,06 0.0z 2,000
5.1.1 Donatl 0z e ] 0,00
02215 Polimer bitdmld suyalhm dridleri 0,005 0,19 0,025
a 4 Yizeys el 1z1l iletim kat anis) (dig) 0.0

TOPLAR 05 %A XU 2,253 0,444 470,00 104,31
TAVEN: Uzeri Agik Vg, | Viizeyeel Isi letim bats ays1 ¢ ig) 0,120
Teras_Cati 81.1 Donath 0.1 25 0,040
46 Gimento hargh sap 0,05 14 0,06
10.2.2.1.1 Bestride polistren képiddi- TS 006 002 2,0
1.4 Granit aNuc 2B 0,011
Wy, lelizefys el izl iletim kak aniz 1 (dig) 0,040

TOPLAM 2,256 0,443 410,00 184,70
TAVAN: G atil Kullanilan V| Viizeygel Isi iletim bats ays1(ig) 0,130
Tavan1.1 5.33 Algdan duwar levhalar ve 0,01 0,47 0,01
0EZ11 Brstride polistren kapigi- TS 0,06 0.0z 200
2222 Dikyongal levhalar (TS5 3422 0,04 0,17 0,050
9.221.5 Polimer bitdmli su yalhm drtidleri 0,005 0,19 0,005
Va4 Viizeys el sl iletim kats s 1 (dig) 0,040

TOPLAM 227 0,439 430,00 188899
TABEN: Topr 3 Temash W, | Viizeysel Isi iletim Kats a1 (ig) 0,170
Taban1.1 46 Gimento hargh sap 00 14 0,06
5.1.1 Donath 1 25 0,400
Vg, 4 Vizeysel isil iletim kat aps1 (dig) 0,000

TOPLAM 05xAxU 505 1,851 735,00 658,25
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Table A.8. 1st dorm — south block alternative insulation level (6 cm XPS) TS 825 software

annual heating energy theoretical calculations (cont.).

Binanih Ozgul Isi Kaybl Hesaplama Gizelgesi

“rapl Elemant| Isi lleteenlilc | 1=l ileteenlii =] ] 1 Kavbi
Kalnhg Hes ap Daderi Direnci Gegirgentd: | Kaybedilen
gtz a1 uzey
Binadaki Yap1 Elemanlari & h R u A sodl
kg ekt | CmRkdnd () (i)
Ong Pencered

2,8 1258 | 352,24

Ong kapnt

55 19,25 | 105,875

‘fap elemanlanndan iletimyoluile gerceklesen s kayhb toplam =

25259

TAU= UDAD + UpAp + UM+ 08 UTAT + 05 Ut + Ugha +..
A= 25259

Ozoil 15t kawh ; H= Hr + Hy

iletim yoluyla gercaklegen 15 kayh
Hr=ZAl +] Ul

Hawaland rma yoluyla gercekiegen 151 kayh
He=0,33 . nh . Yh = 323,000

H=Hi+Hhn =

A.648,91... Wik

) Kullarici tarafindan tanimianan bile genlerdi,



Table A.8. 1st dorm — south block alternative insulation level (6 cm XPS) TS

825 software annual heating energy theoretical calculations (cont.).

Yillik Isitma Enerjisi ihtiyaci Hesaplama Cizelgesi

I51 kawb |51 kazanclan
Ozgil | Sicakhk E igla Ginesg Kazang Isitma
Aylar | Isi Kaybr | Farki | Kayiplan | Kazano Enerjisi Taplam KKO | Kullarrn | Enerjisi
Kazano Faktéri Ihtiyaci
H= I—lr+H‘r 8-9, | Ha-9) LY b ¢r=¢i+¢3 ¥ My Qw
i) e ) W) A U] 9] 9] (k)
O AK 16,1 90 947 3519 27173 0,30 0.96 165107 662
SUBAT 145 82474 4309 27 955 0,34 0.95 144 903 909
MART 17 fi6.092 4882 28541 0,43 0.90 104730141
MiSAN B2 35.023 5.424 29083 0,83 070 38.011.789
A S 10 5644 5898 29557 5,23 0.0a i
Hazir ap 564891 0,0 i 23659 5434 20733 0,00 0.00 i
TE MMLZ oo o 5997 29656 0,00 0.0a i
AGUSTOS oo il 5752 29.411 0,00 0.0a o
EvLOL 00 o 5111 28770 0,00 0.00 0
EkiM 44 27 BE0 4326 27935 1,01 0.63 26.046.902
KASIM 105 59314 3360 7019 0,48 0.4 91.410.651
AR ALK 152 5 863 3094 26753 0,31 0.95 155 987 421
5
Qay = [Higi-8)- nipiay +p=a) ] 1 kI=0278.10  Kwh Q=20 = 728.188.985
-3
Toplamisikaybr  Qwl =0275x10 x 729.198.965 (ki) = 02717 Lk
Ig 151 Kazanci iay <= 5. An (W)
Gines enerjisi kazanci da.ay= Sliay ¥ Oiay 3 liay 3 A
Kazang kayip arani bl Cay = (diay + de.a)f HiBiar8ea)
Kazang kullanim faktari nay=1-¢e (1IKKO )
- 2
Hoplam = 4EBE3S M
Vet = 14787 m®
Hesaplama \aplan binadaki Birim hanggna digen ik isitma enerjist
z
Q=Qyy vt 1371 kvim ® A= 032xV = 47384 m
Amp Prit™ 0,32 orani hilge igin Ek AZ2alleen O = 22.4¢ AV + Timilinde
yerine konuldufunda bina igin olmas gereken en biyik 151 kaybi Q'= KvhdraT bulunur, ©

@ =3'[13.71=14.87) oldufundan bu binaigin hesaplanan yillikisitma enerjisi ibtiyac ol mas gereken en biylk dederin
dtind=adir. Bu proje, bu standart larda werilen hesap metoduna gére standartiara uygundur.
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Table A.9. Prep school — block a current insulation level (0 cm xps) TS

825 software annual heating energy theoretical calculations.

Binarin Ozgiil Isi Kaybl Hesaplama Gizelgesi

“apiElemani| Isil leticenlilc | 1zil leticenlil ] 3] k1 Kaybi
Kalinhg Hesap Dederi [Drire nci Gegirgentl: | Kaybedilen
Kats ayes1 uzey
Binadaki Yapi Elemanlari &) A B i ) o)
(i) Crrekdy | (Rl (e (el
DUVAR: D Havaya Ak tig,  Yizzee lsi iletim Kats ays1 (i) 0,120
Diz Duvarlar 4.3 Alg harcikireglialg haro 0,0z 07 0,028
7425 TSEN 7711 & uvgun dolu weya dizey 0z 0% 0,208
42 Gimento harot 0,015 16 0,08
“U-d ikzeysel izl iletim kat ayizi (dig) 0,00
TOFLAM 415 2402 1801,00 | 360575
DUWAR:Dig Havaya Ak Y, Yizzsel lsi iletim Kats ayis1 (ig) 0,120
Kaolan_Kirks 43 Alg haroikire i alg hara 0,0z 07 0.0
511 Donatl 0,25 ZA 0,700
42 Ciments harat 0 15 0,013
1z, o ViEzays el 121l flatim kat ayisi (dig) 0,040
TOPLAM 21 3,215 E20,00 | 1989211
TAMAN:Gatil Uiy, | Miizeveel Isil iletim kats avis1 (g 0,130
Cat B33 Algidan duvar levhalar ve 0,01 0.4 0,021
222 Dihkoyongah levhalar (TS 339529 0,01 o7 0,058
92215 Polimer bitGmli suyalhm drtdleri 0,005 019 0,025
Vi, o Yizeysel 151l iletim kat ayis (dig) 0,020
TOFLAR 08xAxU 218 3,960 1501,00 | 373504
TABAN: Toprak Temash Vg, | Yiizeyeel Isi iletim Kats a1 (ig) 0.170
Digeme 45 Gimerto hargh zap 0,05 14 0,05
514 Donatl 0z 25 0,020
1lg, 4 Vizaysel isil iletim kate ayiz (dig) 0,000
TOPLAM DAxAxU 285 5,882 1854,00 | 457059
Dng Pencerel 5,68 389 220852
Dig Kapnt ] 14 82,5
‘fap elemanlanndan iletimyoluile gergeklesen s kaybi toplam = 16.255,6
EAL=UpAD + Updp+ LA+ 08 UTAT+ 0.5 Ut + Uddd + iletim yoluyla gergekiegen 151 kayh ;
HT=zall+ |

TAlLl= 16.255,6

Hawalandirma yoluyla gerceklesen 151 kavii

Dzgll 15 kayhl  H= Hr + He Hy=0,33. fh, Wh = 4.830,0411

H=Hi+Hh = ... 290046 Wik

) Kullarict taraf ndan tanimilanan bilegenlerdir,



Table A.9. Prep school — block a current insulation level (0 cm xps) TS

825 software annual heating energy theoretical calculations (cont.).

Yillik Isitma Enerjisi Ihtiyaci Hesaplama Cizelgesi

yerine konuldugunda bina igin olmasi gereken en biyik 151 kayhi

o

Kewhaas bulunur, *

Is kaybi Isi kazanclan
Ozgil | Sicaklk sl iglsi Gineg Kazang | Isitma
Aylar | lsiKaybr | Fark | Kayiplan | Kazano Enerjisi Toplam KIKO | Kullarim | Enerjisi
Kazanci Faktori Ihtiyac
H= Hr+H‘r 6-9, | He-8) LE b ¢r=¢i+¢3 ki M Qw
AT e ) A0 00 04 9] o] L))
OC & 171 360718 10.051 46710 0,13 1.00 §13.907 780
SUBAT 155 329.076 12617 49278 0,15 1.00 725240 564
MART 127 267902 15103 51.762 0149 0.949 S61.574.807
MiSaN 72 151.581 17.140 53.799 0,35 0.94 2F2 595499
MAYIS 20 42189 19.599 56.258 1,33 063 32069313
HAZIR &0 21.094 81 oo 0 36.659 20578 57237 0,00 0.00 0
TEMMUZ 0.0 o 20048 56.708 0,00 n.00 0
ABHISTOS 00 0 18.780 55.439 0,00 0.o0 o
EvLiL 0,1 2109 15.870 52529 24,90 0.00 o
EKiM 59 124 455 12,802 49,451 0,40 0.9z 204 648506
KASIM 15 242 558 9628 46.287 014 0.8g9 510.011.549
AR ALK 16,2 341733 2781 45.440 013 1.00 7B7.8950.113
-3
Qay = [H{8i-8a)- nipiay +head J1E] 1 k027810 KWh Q,=ZQ = 3.878.038.823
-3
Toplamisi kaybr Qwl =0278x10 x 3.878.038.823 (k)= 1.078.095 Lwh
Ig 151 Kazano diay <= 5. An (W)
Glnes enerjisi kazanci daay = Shiay ¥ Qiay ¥ iay 3 A
Kazang kayip orani KK Oay = (iay + de,a)f HiBiape8 )
Kazang kullanim faktari nay=1-e {-1iKKDay)
2
Atoplam 5,580 m
Vet = 22812 m®
Hesaplama yapilan binadaki Birim hangana disen ik isiima enerjisi
)
Q=0 i Vbt 4705 fwhim ° A= 0325V = 733184 m
Aop M= 0,24 0rani hilge igin EK AZ5Hean Q' = 22,4 AN + Tftmidlinde

0= @' [47.05 13.26) oldudundan bu binaigin hesaplanan wilhkisitma enerjisi iltivac olmas gereken en biyik dederin
ustundedir. Bu proje, bu standartiard= verilen hesap metoduna gére standartiara uygun dedildir.
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Table A.10. Prep school — block a alternative insulation level (4 cm xps) TS

825 software annual heating energy theoretical calculations.

Binanin Ozgul Isi Kaybi Hesaplama Gizelgesi

“rapi Elemann| s Neticenlik | 151l Tletioenii ] ki k1 Kayb
Kalinhgi | Hesap Dederi Direnci | Gegirgenlk | Kaybedilen
Katz aye) “fuzey
Binadaki Yapl Elemanlar & h R u A Al
Qg ek | ek () (nizk)
DUVAR: DN Hawaya Ak g, Viizeyg el 15 iletim kaats ayts1 (i) 0,130
Dis Dvarlar 4.2 Ay haroikireialg harg 00z o7 [z
TA25 TSEN 7741 e uygun dolu weya difey 0z 0 0.8
10.3.2.1.1 Bhstride polistren kdplgi- TS 0,04 00 120
42 Gimento harel 0,015 16 00
W 4 Yizeysel il iletimkat ans () 0,040
TOPLAM 1,780 o572 | 1Moo | es7a0
DUVAR:Dng Havaya Agk fig, | Viizeysel lsil iletim kats ayis1 (i) 0,130
Kalan_Kirks 43 Alp hareiregialg haro [ilir3 or 0,03
541 Donath 025 25 0,400
102214 Bestriide polistren képidi- TS 0 0 135
42 Gimento harei ooz 16 0013
1."EUYLizeyseI 1311 fletim kat ayiz1 (dig) 0,040
TOPLAM 1644 0g0g B20,00 377,04
TAWAN:G atil 1ig, | Yizeysel lsi iletim kaats ayts1 (i) 0,430
Cat 6.3.3 Agidan duvar levhalar ve (] 0 021
2222 Diyongal levhalar (TS 3482) oM 017 0
10.3.2.1.1 Bhstride polistren kdplgi- TS 004 0,0 120
92215 Polimer bitdmli suyalbm dridleri 0,005 0,19 0,05
Yig, 4 iizaysel i1 letim hate ayis: (dig) =]
TOPLAM 08xAxU 1,680 DE0E | 1A01,00 | 72787
TABAN: Topradk Temas fig, | Viizeysel ksl iletim kats ayis1 (i) 0,170
Dégeme 46 Gimento hargh zap 00s 14 0,055
511 Donath 0z 25 0020
fig, 4 iizeysel i1 letim kat ayis (dig) 0,00
TOPLAM D5xAxU Pz 5282 | 185400 | 457059
Diz Penceret 568 389 220952
Dig kKapit 5.4 14 82,5
‘fap! elermanlanndan iletim yoluile gerceklesen 151 kaybi toplam = 8.825,6

DAL= UpAD + UpAp + Lk Al + L8 UTAT + 0.5 Utht + LidAd 4.
DAL= 8.825,6

Ozoil s kavh  H= Hr + Hy

iletim yoluyla gergeklegen 15 kayi ;
HT=Z AL+ LI

Havalandirma yolwyla gerceklegen 131 kavh

He=0,33 mh. Ve = 4,830,001

H=Hi+Hn =

...... 136646, Wik

(" Kullanic tarafindan tanimianan bilegenlerdir,
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Table A.10. Prep school — block a alternative insulation level (4 cm xps) TS 825 software

annual heating energy theoretical calculations (cont.).

Yillik 1sitma Enerjisi ihtiyaci Hesaplama Gizelgesi

I51 kayh Isi kazanclar
Ozgil | Sicaklk lsi igls Giineg Kazang | lsitma
Aylar | lstKaybn | Farkt | Kayiplan | Kazano Enerjisi Toplam KKO | Kullanim | Enerjisi
Kazano Faktiri Ihtiyaci
= ; =d +
H=H+H, | &-& | Hg-8) Ly bs G=bib g ¥ L. Qyy
QAU (KreC) ) (A0 () 0 Q] = (Kl
O A4 174 233665 10051 46710 0,20 0.4as 485797 2T
SUBAT 155 213168 12517 49276 0,23 0.99 426084 665
MART 12,7 173.541 15103 51.762 0,30 0.96 321.016.211
MiSAN 7.2 98,355 17.140 53799 0,558 0.84 137.876.568
MAYIS 2,0 27.329 19,599 56258 2,08 0.38 15,425,303
HAFIR: A1 13 664 51 0,0 ] 36.659 20578 57237 0,00 0.00 ]
TEMMLUZ oo o 20049 56708 0,00 0.00 0
2530STOS 00 ] 18.780 55439 0,00 0.00 0
EvLOL 01 1.366 15570 52523 38,44 0.00 0
EKim 549 a6 12802 49 451 0,61 081 105125297
KASIM 115 157.143 9626 45 287 0,29 047 290937 524
AR ALK 16,2 221.367 5781 45440 0,21 0.99 457.179.248
-3
Qar = [HEi82)- nibiay +pzad )] 1 kI=027810  Kwh W =EE F 2SN
-3
Toplamisi kaybn  Qwl =0278x10 x 2230444333 (k)= G272 AEG Lk
Ig 151 Kazano oy <= 5. An [
Gines enerjisi kazanc $o.av = Ehiay % Oiay ¥ liay 0 A
Kazang kayip orani FKOay = (diay + de.ay)f H{Biav-8 e
Kazang kullanim faktdrd nay=1-e -1KKOay)
- 2
’ﬂtoplam - 5.580 n
Vet = 22912 m?
Hesaplarma yaprian binadaki Birim haniana disen ik isitma enerjis!
z
Q=0Qyyvbst AT kWam ° A= 0325V = 738 m
Apgp Morit= 0,24 oran hilge igin EK AZublean Q' = 22,4 AV + Tdmilinde
yerine konuldudunda bina igin olmasi gereken en biyik 151 kayb Q= KiWhaae bulonur, *
Q= Q' [27.17=12.28) oldudund=an bu binaigin hesaplanan vk isitma enerjisi iktivacs olmas gereken en blyik dedarin
ustundedir. Bu praje, bu standartlzrds werilen hesap metoduna gére standartizra uygun dedildir.
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Table A.11. Prep school — block a alternative insulation level (5 cm xps) TS

825 software annual heating energy theoretical calculations.

Binamin Ozgiil Is1 Kaybl Hesaplama Gizelgesi

vapi Elemani| Isil lletcenlilc | Izl Theticenlil ] ] k1 Kaybn
Kalinhig Hesap Dajeri Direnci | Gegirgenli | Kaybedilen
Katz ayis) uzey
Binadaki Yapi Elemanlar &m ) R i H Fod]
N (e | (el (] L]
DUVAR:Dng Havaya Agk g, vizeyeel Isi iletim kats ayts 1 (i) 0,13
Diz Duvarlar 43 Alg harcikiregialy haro 00z o7 0,0
7428 TSEM 7711 & uygun dolu veya digey 0z 0,06 0,208
10,2211 Bhstriide polistren kipagi - 75 005 0,03 1657
42 Gimenta harat 0.5 15 0,008
RIS 5 ilzeysel il iletim kak anisi (dig) 0,040
TOPLAM 2,083 0,420 180100 | 72061
CUVER:Dig Havaya Agk Vg, | rizeysel Isi iletim Kats ayts1 (g 0,120
Kolon_Kiris 42 Alg harcikiredialy haro 00z o7 0,028
511 Donath 0,25 25 0,100
10.22.1.1 Bustride polistren kipigi - TS 005 0,02 16857
42 Gimento haret ooz 16 0,013
g i iizeysel sl iletim kak ans(dig) 0,040
TOPLAM 187 0,505 E20,00 213439
TAVAN: atil Vg | Tizeysel Isi iletim Kats ayts1 (g 0,130
Cati G.3.3 Algidan duvar levhalar ve 001 04 0,021
8222 Dicyongah levhalar (TS 2432) 0,01 0,17 0,058
10.22.1.1 Bestride polistren kdpigi - TS 005 0,0 1667
Q2215 Polimer bitlmli suyabm drtdleri 0s 0,18 0,025
1l o Yizeys el isil iletim kat ayis1 (i) 0,050
TOPLAM 08xAxU 1,993 0,504 180100 | BOS52
TABAN: Toprae Termash 1l | Yiizeysel Is i iletim kats ayts (ig) 0,170
Dizeme 46 Cimento harghap 005 14 0,025
A1.1 Donabl 0z 25 0,050
Al o Vizeyzel 151l iletim kat ayiz1 (i) 0.0
TOFLAM 05xAxU 268 5882 | 185400 457059
Dig Pencerel 5,68 389 2209 52
Dig Kapi1 55 15 325
Fap elemanlanndan iletimyoluile gerceklegen s kayh toplam = 8.501,7
EAU= UpAp + UpAp + Uk + DB UTAT+ 0.5 Ut + Uldha +.. iletim yoluyla gergeklegen 1=t kayt |
= +
CAl= 8501,7 HT=EZAll+]1Jl
" Havaland rma yoluyla gerceklegen 151 kaybi
Czgil s kayh ; H= HT + He
8 S He= 0,33 th.Vh=  4.839,000K
H=Hi+Hh = . 13307 . Wik

™ Kullanic) tarafindan tanimlanan bilegenlerdir.



Table A.11. Prep school — block a alternative insulation level (5 cm xps) TS

825 software annual heating energy theoretical calculations (cont.).

Yillik Isitma Enerjisi intiyaci Hesaplama Gizelgesi

I=1 kb Isi kazanclar
Ozgiil | Sicaklik sl icla Gineg Kazang Isitma
Aylar | ls Kaybr | Fark | Kayiplan | Kazano Enerjisi Toplam KKO | Kullamm | Enerjisi
Kazano Faktiri Ihtiyact
H=Hr+HV 8-8, | Hig-8) b b 0r=¢i+¢s i . Qw
(IS Lo ) A0 040 ) O] ] (kD)
OCAK 171 228126 10.051 45710 0,20 0.99 471 440842
SUBAT 155 208115 12617 49276 0,24 0.98 414 264 753
MART 12,7 169.427 15103 51.762 0,3 0.96 310.353.942
MIS 2N 72 95.053 17140 53799 0,486 0.83 133.2258.313
MANS 2,0 26651 19.599 56.258 2,11 0.38 13.745.205
HAZIR &0 13,340,711 0,0 0 36.659 20.578 57.237 0,00 0.o0 i}
TEMMUZ 0.0 0 20044 56708 0,00 0.00 0
A5USTOS 00 0 18.780 55.439 0,00 0.00 o
EvLiL a1 1334 15.870 52529 39,38 0.00 0
EKim 29 75.710 12802 49 461 0,63 0.20 101 .4535.962
KASIM 15 153.418 0628 46287 0,320 0.96 262 452 549
ERALIK 162 216120 5.751 45.440 0,21 0.94 443.578.556
-3
Qay = [H(8i-8e- nibiay +headJ1()] 1 KI=027810  KWR Q=EQ = 2170.548.543
-3
Toplarmisi kaybr  Qwl =0278x10 x 2170549543 (K= 603.413 wh
Ig 151 Kazana oy <= 5. An (W)
Gines enetjisi kazanc aay = Eliay 3 Ciay 3 liay % A
Kazang kayip oran KK Oz = (diay + de,a)f Higiae-8e,2)
Kazang kullanim faktoro nay=1-¢ - 1KK O 2y)
- 2
Atgglam = 5.580 m
Vet = 2812 m®
Hesaplama yaprian binadakl birim hamgmna digen il 1sitma enerfist
2
Q=0 iy vt 634 ihim P A= 0325V = 733184 m
Aop Mpri™ 024 Oran hilge icin EK Alublern Q' = 22,40 AV + Farmilinde
yerine konuldugunda bina igin olmasi gereken en blydk 151 kayh Q= Kvvhtas bulunur,

O = @' [25.34= 13.26) oldudundan bu binaigin hesaplanan wilhkisitma enerjisi iktivac ol mas gereken en biyik dederin
ustundedir. Bu proje, bu standartlarda werilen hesap metoduna gire standartiara uygun degdildir.
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Table A.12. Prep school — block a alternative insulation level (6 cm xps) TS

825 software annual heating energy theoretical calculations.

Binanin Ozguil Is1 Kaybi Hesaplama Gizelgesi

“vapi Elemani | il lletcenlilc | s iletentil ] ] k1 Kaybi
Kalinhd Hesap Dederi Direnci | Gegirgenlk: | Kaybedilen
Kats ayer uzey
Binadaki Yapi Elemanlar &) k3 R u A Ao
onmk) Crekng | (kN () (it
DUVAR:Dig Hawaya Agk i, | Viizzys el I iletim kats avis1 (ig) 0,120
iz Cunvarl ar 43 Algt hare kiregialg hara oo o7 0,029
TAZA T5EN 7711 & upgun delu weya digey 0z 095 0208
10.3.2.1.1 Blstride polistren kdplidi- TS 005 o0z 200
42 Gimerto hara 0,015 156 0,02
T, uYLizeyseI 151l iletim kat ayis (diz) 0,090
TOFPLAM 2416 0414 1501,00 E241,20
DUVAR: g Havaya Ak T riizeys el Il iletim kats avi (g 0,130
Kolan_Kire 43 Alg harc kireglialg hara 0oz ar 0,029
511 Donath 025 25 0,100
10.3.21.1 Blestride polistren kdpldi- TS 005 o0z 200
42 Gimento harc oo 15 [ANARE]
e uYLizeyseI 151l iletim kat ayis i (digy (=]
TOPLAM 2,311 0433 520,00 268,27
TAWAN: G atil g, | Yiizeys el Izl iletim Kats a1 (ig) 0,120
Cati 623 Algidan duvar levhalar ve o.01 04 0,021
2222 Dkyongal levhalar (TS 3422) oo 0,17 00
10.3.2.1.1 Bkstride polistren képigi- TS 0,05 00 200
Q2215 Polimer bitdmii su yalhm drtileri 0,005 0,19 0,025
1lg, o Yizeysel il lletim kat 231 (dig) 0,020
TOPLAM 08xAxU 2,316 odsz | 480100 | S1833
TABAN: Topra Temash Vg, | Yiizeys el Izl iletim kats avs1 (ig) 0,170
Dizeme 46 Gimento hargh zap 005 14 0,025
511 Donath 0z 25 0,0
Y 4 Tizeysel il letim kat ayis1 (dig) 0,000
TOFLAK 05=AxU 288 5852 1554 00 457059
g Pencerel 568 389 209,52
D Kapi1 55 15 62,5
‘fapi elemanlanndan iletimyoluile gerceklesen s kayh toplami = 8.2

EAU= UpAp + Upfp + Lk Ak + 0.8 LTAT+ 0.5 Ut + Llddd +
EAU= 8.271

Gzgiil 131 kayh ; H= HT + He

iletim yoluyka gercekliegen 19 kavhl |
HT=ZAL+ U]

Havalandirma yoluyla gerceklesen s kayh

Hv=0,33. hh . VR = 4.839,0M01)

H=Hi+Hh = A3 100 WK

1 kullanic tarafindan tanimianan bilegenlerdir,
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Table A.12. Prep school — block a alternative insulation level (6 cm xps) TS

825 software annual heating energy theoretical calculations (cont.).

Yillik Isitma Enerjisi ihtiyaci Hesaplama Gizelgesi

[51 kayh Isi kazanglan
Ozgil | Sicaklk E] igla Gines Kazang | letma
Aylar | Is Kayb | Fark | Kayiplan | Kazano Enetjisi | Taplam KKO | Kullanim | Enerjisi
Kazanc Faktari Ihtiyac
H= HT+HU &-8, | Ha-s) L s @r=¢i+¢3 ¥ Ny Qw
(k) K0 ) A ) ) =) =) G2l
OC 8K 171 TE 550 14 553 221249 0,28 0.87 142,781 621
FHUBAT 156 69835 15.091 25637 0,37 0.83 119.214 561
MART 127 46853 21.033 28579 0,50 0.86 836558.029
MiSAN 72 32232 23.683 31.229 0,97 0.64 31.739 983
MANS 20 5853 26.294 33.840 3,78 0.00 0
HAZIR A1 447662 oo 0 7546 27 443 34989 0,00 0.00 ]
TEMMUZ 0o 0 26.799 34345 0,00 0.00 0
AGUSTOS oo 0 25424 324870 0,00 0.00 0
EvLOL 0,1 443 22,095 29541 B6,21 0.on 0
EKiM 59 26412 18274 25820 0,93 064 25628550
HASIM 115 51481 13,985 21529 0,42 0.9 8263917
AR ALK 16,2 72521 12,781 20327 0,28 0.97 136.869.119
23
Qay = [HEi8)- nibiay +psad [ 1 KI=0278.10  KKwh 0,520 = B22.551.570
-3
Toplamisi kaybr Gl =0278x10 x B22.451.870 )= 173.089 kivh
Ig 151 Kazano sy <= 5. An (W)
Ginesg enetjisi kazano tha.ay = Efiay % Qiay % liay ¥ Ai
Kazang kayip oran KO ay = (tiay + de.ar)d Hidiaw8ea
Kazang kullanim faktéri nay=1- ¢ (-1/KKOay)
2
Aroplam 4137 m
Vi = 4716 m®
Hesaplama yaprlan binadaki birim haniana disen vk isitma enerfisi
z
Q=Qywvbt  BT0 Wik 2 A= 0325V = 150812 m
Aop M= 0,88 Oranl hilyge icin Bk AZatlean Q' = 22,4 AN + Tripmmidlinde
yerine konuldugunda bina igin olmas gereken en biyik s kayh Q= KWifws bulunar, ©

0= Q' [36.70=27.45) oldudundan bu binaigin hesaplanan vill kst ma enerjisi iktivac olmas gereken en biyik dederin
ustundedir. Eu praje, bu standartlarda werilen hesap metoduna gire standartlara uygun dedildir.
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Table A.13. Prep school — block B Current insulation level (3 cm xps) TS

825 software annual heating energy theoretical calculations.

Binarun Ozglil Is1 Kaybi Hesaplama Cizelgesi

“apt Elemant| =il Hetheenlik | 1zl Tleth enlik ] =] k1 Kayb
kahinhg Hesap Deferi Dire nci Gepgirgenlic | Kaybedilen
Kats ayis1 ey
Binadaki Yap1 Elemanlar & ) R i 2 ol
i Croekiyy | (Rl (e (it
DUWAR:Dis Havaya Aok Yig, | iizzysel Iz iletim kats a1 ig) 0,120
Dz Duwar 42 Gimento harc 0,02 16 0,013
TAZES TSEN T 1 e urgun doluweya digey o1 086 0,104
10.3.1.1.6 Polisfiren - Partkiler Kipi- TS 0,015 0,04 0,375
7128 TSEN 77112 wgun doluweya dig ey 0z 055 0,208
10.32.1.3 Bstride polistren képigi- TS 0,02 0,04 0,780
483 Anorgank esah hafif agregalardan 0,002 0,3 0,005
Vg o Vizeysel 1z1l lletim kats aps1 (dig) 0,040
TOPLAM 1,525 0,815 gg4,00 359,33
DUWAR:Ds Havaya Aok Vg, | iizzysel Iz iletim kats a1 ig) 0,120
Kalan Kirg 43 Al harekiredialg haro 002 07 0.02d
511 Donabh 0,25 25 0,100
10.32.1.3 Bkstride polistren képigi- TS 0,03 0,04 0,780
42 Gimento haret 0o 15 ECE
Ve d Yizeysel izl iletim kak ansi (dig) 0,040
TOPLAM 1,081 0,32 550,00 612,59
TaMAN: Cabih 1 IYLizeyseI Il i letim Kafsay:sl(ig) 0120
Gat 523 Algidan duvar levhalar ve 0,01 0.4 0,021
8222 Dhyongal levhalar (TS 349828 0,01 o7 0,050
10.32.1.3 Bustriide polistren képidl - TS 0,03 0,04 0,780
92215 Paolimer bitdmld zu yalhm drtdle ri 0005 0,19 0,05
1 a Yizeysel 1zl iletim kak ayisi (dig) 0,020
TOPLAM 08xAxU 1,088 0,938 168,00 | 87621
TABAN: Toprae Temash 1 IYLizEgseI Il {letim Kaisaysl(ig) 0,170
Digeme 46 Gimento hargh ap 0,05 14 0,05
511 Donabh oz 25 0,020
1."‘1‘j “izeysel 151l iletim kak s (dig) 0,000
TOPLAM D5 xAxU 286 1,651 188,00 | 954,15
[ng Pencerel 28 A52 15456
Dis Kapil 55 15 82,5
Yapl elemantanndan iletimyoluile gergekle en s kayh toplami 4.440,2

EAU=UDAD + UpAp + Lk A+ 0.8 UTAT + 0.5 LAt + UdAd +..

EAL= 4.440,2

Grzail 15 kayhi ; H= Hr + Hy

iletim yoluyla gerceklesen 1si kayh ;
HT=EAl + LI

Havalandirma yoluyla gergeklesen s kayhb

Hi=0,33.1h . Wh =

996,02 111k

H=Hi+Hn = .. 543622 . Wik

™ Kullanici tarafindan tanimlanan bilegenlerdir,




Table A.13. Prep school — block B Current insulation level (3 cm xps) TS

825 software annual heating energy theoretical calculations (cont.).

Yillik Isitma Enerjisi ihtiyaci Hesaplama Gizelgesi

[51 beatl IsI kazanglar
Ozgul | Sicaklk sl HE Gines Kazang | lsitma
Aylar | Is Kaybr | Fark | Kayiplan | Kazano Enerjisi Toplam KKO | Kullanim | Enerjisi
Kazano Faktiri Ihtiyaci
H= HF'HV -9, | Ha-9) LE [ ﬂzr=¢i+¢3 ¥ Moy Qw
AT Koo W) (3] ) W) -1 -1 thd
OC Ak 171 92954 14 553 221249 0,24 0.88 184.740.554
FUBAT 1568 84805 18,091 25637 0,30 0.96 156022 672
MART 127 £9.040 21.033 28570 0,41 0.91 111.542816
WIS &k 72 38141 23683 31229 0,20 0.7 43982311
MAVS 20 10572 26,204 33540 31 0.00 0
HAZIR AN 5.436,22 o0 0 7546 27 443 34.989 0,00 0.00 0
TEMMUZ a0 i} 26,799 34345 0,00 0.00 a
ABUSTOS oo 0 25424 32870 0,00 0.00 o
EvLOL 01 544 22085 28 541 54,52 0.00 0
EKiM 54 32074 18.274 25 820 0,81 0.71 35615.740
HAaSIM 15 2517 13,953 21529 0,34 0.95 109.030.743
ARALIK 16,2 #5067 12781 200327 0,23 0.99 176.109.459
-3
Qay = [HEi8)- nipiay +ped 1] 1 KI=0278.10  Kwh 0,750 = R
-3
Toplam s kaykr  Qyl =0278x10 = B17.047.785 kil = 227134 ki
Ig 151 Kazano dhay <= 5. An (%)
Ginesg enetjisi kazano dha.ay = Eliay o iy % liay X A
Kazang kavip arani RO ay = (diay + de,a)d Hii a8 o2
Kazang kullanim faktard nay=1-¢e 1/KKOay)
- 2
’ﬂtoplam - 4137 m
Vit = 4716 m*
Hesaplama yaprian binadaki birim hangmna diisen ik 1sitma enerfisi
2
Q=Qypveat 4815 kivim A= 0325V = 150812 m
op Mprig™ 0,88 oran hilge igin EK Alallean Q' = 22,4 A + Tdmillinde
yerine konuldudunda bina igin olmasi gereken en biyik s kayb Q= KWiTwS bulunar, ©

0= Q' [45.16=27.45) oldufundan bu binaigin hesaplanan yvill k1St ma enerjisi iktivac olmas gereken en blyik dederin
ustundedir. Bu praje, bu standartlarda werilen hesap metoduna gére standartlara uygun dedildir.
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Table A.14. Prep School- block B alternative insulation Level (4 CM XPS) TS 825

software annual heatin energy theoretical calculations.

Binanin Ozguil Is1 Kaybi Hesaplama Gizelgesi

“vapi Elemani| Isil lletcentik | Isil fletcenlil ki k1 Kaybi
Kalinhg Hesap Degeri Drirenci Gegirgenlk | Kaybedilen
Kats aye “fuzey
Binadaki Yapi Elemanlar qm A R u #odl
(il (el | Rk (e (el
DUWAR:Diz Havaya Agk tig, | Yiizeysel 11 letim Kats ayes: (i) 0,130
[ng Duvar 42 Cimento hare [ili <] 16 0013
7425 TSEN 7711 e uygun dolu veya digey 041 09 0,104
10.3.1.16 Polistiren - Particidler Kipdi- TS 0ms 0,04 0,375
7425 TSEN 7711 e uygun dolu veya dig ey 0z 056 02e
103211 Brstriide polistren képidi - T5 004 0,03 173
483 Anorgank esasl hafif agregalardan 0,002 03 0005
Ve o Tizeys el iz iletim kate ayis) (dig) 000
TOPLAM 2,208 0,452 524,00 284,42
DUWAR:Dig Havaya dgh tig | Yiizeysel 11 letim Kats ayis1 (g 0,120
Kialon kirig 43 Alg haroikiregi algt haro 0, ik 0,04
511 Donatlh 025 25 0,100
02211 Brstriide polistren képidi - TS 0,04 0,0 T8
42 Cimento harci 00 15 EEE
Vi, izeysel 121] iletim kat ayis1 (dig) 0,040
TOPLAM 1,644 0 g E50 00 29528
TAVAN:G atih Vo | iizEyE el Izl letim Katsaye: (i) 0,130
Cah 6.2.3 Algidan duvar levhalar we 0.01 04 0,021
2222 Dk wongal levhalar (TS5 24220 il 017 0,058
10.2.2.1.1 Bestriide polistren képidi- TS 0. 0oz 1333
82215 Polimer bitdmld zu wahbm drtdleri 0oos 01e 0,05
Vg, 4 Vizeysel il letim kataysi (dig) 0,020
TOPLAM 08xAxU 1,580 0,608 196800 | BEE33
TABEM: Toprad Temash Yy, | Yiizzyzel k21 letim Kats 2y (i) 0,170
Dig eme 46 Gimenta hargh sap 0,05 14 0,05
5.1.1 Donatlh oz 2h 0,020
g, 5 izeysel 121 iletim kak ayizi (dig) 0,000
TOPLAM DA5xAxU 285 1851 18800 | 964,15
Dig Pencerel 28 552 1545 6
Dig kapnt ] 824
‘fap elemantanndan iletimyoluile gerceklesen s kayb toplami = 3.818.3
ZAU= UDAD + Uphp + U Ak + DB UITAT+ 0.5 Ut + Udhd +. Iletim yoluyla gerceklegen 1s kaybi |
Hr=Z AU+ L
A= 3818,3
e Havalandirma yoluyla gergeklesen 121 kayb
i =T +
oIS Karhi hR b bk Hu=0,33 . nh Wh = 996,02 11
H=Hi+Hh = A8MF WK

71 Kullanic tarafindan tanimianan hilegenlerdir,
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Table A.14. Prep School- block B alternative insulation Level (4 CM XPS) TS 825

software annual heatin energy theoretical calculations (cont.).

Yillik Isitma Enerjisi ihtivaci Hesaplama Gizelgesi

lsl kewb Isi kazanglar
Ozgil | Sicakhik E] igla Gineg Kazang | Ilsitma
Aylar | ls Kayb | Fark | Kayiplan | Kazano Enerjisi Toplam KKO | Kullamim | Enerjisi
Kazanci Faktari Ihtiyac
H= HT+H\r ei_ee H(ﬁl—ﬁg ‘bi LE lt|'=¢i+¢lS i n&}" Qny
(A LAl w0 00 e A = -1 (ki
(B 171 82325 14 583 22129 0,27 0.98 157.175.856
SUBAT 156 75103 18.091 25637 0,34 0.94 131540350
MART 127 61142 21.033 25.579 0,47 0.as 93.292.985
MIS AN 72 34 BE3 2% B85 3229 0,90 067 3561383
WA S 20 9623 26.294 33.540 3,51 0.00 0
HAZIR &N 451432 0o i 7546 27 443 34.959 0,00 0.oo0 0
TEMMUZ 00 o 26799 a4 345 0,00 o.an ]
A5USTOS 00 0 25 424 32,970 0,00 n.on o
EvLUL 0,1 481 22095 29 641 f1,57 0.00 0
EKit 259 25404 18.274 25 820 091 0.67 25785166
KASIM 115 55365 13.983 21.529 0,39 0.92 92167 321
AR ALIK 16,2 77892 12,781 20,327 0,26 0.9g 150522 323
i | s i
Qay = [H{@i-8a)- nipiay +h=ad[1()] 1 RIZ027B10 KWk Q=EQ 5 £88.088.423
-3
Toplamis kaybr  Qyl =0278x10 = E89.098.423 (ki) = 191 5649 lwvh
Iz 151 Kazano diay <= 5. An (W)
Gines enerjisi kazanci tha.ay = Eliay ¥ Qi 3 liay % A
Kazang kayip aran Kk Qay = (iay + ds.a)d H(Giagea)
Kazang kullamim faktard nay=1-¢g - 1KK O]
- 2
Atoplam = 4137 m
Vet = 4716 m?
Hesaplama yamlan binadaki birim hawamna disen il 1sitma enerfisi
2
Q=0 ot 4062 ki A= 0,32xV = 150912 m
Aop Myry= 0,88 orani hilge igin EK AZalaen Q' = 224 AV + IBmilinde
yerine konuldudunda bina igin olmasi gereken en biyik 15 kayb Q= KvWBfrd S bulunur. &
Q= @' [40.62=27.45) oldufundan bu binaigin hesaplanan yillikisitma enerjisi ihtiyvac ol mas gereken en biyik dederin
ustundedir. Bu proje, bu standartlards verilen hesap meto duna gére standartlara uygun degdildir,




Table A.15. Prep School-block B alternative insulation level (5 CM XPS) TS

825 software annual heating energy theoretical.

Binanin Ozgiil Is1 Kaybl Hesaplama Gizelgesi

“vapi Elemarn| Izl lNetenlik | =il Tleticentik ] ] 1 Kaybi
Kalinhg Hesap Dederi Direnci | Gegirgenl | Kaybedilen
Kats 3y uzey
Binadaki Yap1 Elemanlari am % R u A Ao
(7T CekAny | CrekAnd () (if)
DUWAR:Dig Havaya Agk g, | Tiizeysel 151 letim Kats ayes1 (ig) 0,120
Dz Duvar 42 Gimerto hare ooz 15 003
7428 TSEN 771-1 e uygun dolu veya digey 04 0% 0,104
102116 Palistiren - Pariiiler kpi- T5 0,015 0,04 0375
TAZE TSEN 7711 e uvgqun doluveya diigey 0z 0,56 0278
102244 Bestride polistren képli§i - TS 0,05 0,0 [
4.5.3 Anorgank esasl hatf agregalardan 0,02 0,3 0,005
1y, 4 izeysel 51| iletim kate s (g 0,040
TOPLAM 2,542 0293 24,00 22978
DUWAR:Diz Havaya fpk tig, | Yizeyzel s letim Kats ays (ig) 0,120
Kalon Kirg 43 Ay hare kiredi alg harot 0,02 07 0,020
541 Donath 0,25 ZE 0,100
103211 Brstride polistren képigi- T3 0,05 0.0z 1657
4.2 Gimerta harei (i< 16 L
U, Vizeys el izl letim kat ans (dig) 0,040
TOPLAM 1,978 0 506 E50,00 328 EE
TAMAN: G atih g, | Tizeysel Isi letim Kats ays1 (ig) 0,130
Gat 6.3.3 Algidan duvar levhalar ve 0.0 0.4 0121
2222 Dioyongal levhalar (TS 3482 0,01 017 0,05
102211 Bustride polistren kbpl§i - TS 005 faic] 1657
92215 Polimer bitdmii suyalbm drdleri 0,005 018 0,05
Vg, 4 Vizeyzel 1=1] iletim kate ayiz () 0.0
TOPLAM 08xAxU 1,983 0804 | 48800 | 474,13
TABAN: Toprak Temash 1y, | Tizeysel 151 letim Kats ayis1 (ig) 0,170
Diigema 48 Cimento hargh gap 005 14 005
511 Donath 0z 5 0,020
o, F izeys el izl iletim kat awsi (dig) 000
TOPLAM 05=AxU 286 1851 115,00 | 364,15
Dng Pencerel 28 552 1645,6
Dig Kapn 5 15 824
‘fapl elemanlanndan ilefimyoluile nergeklagen s kayhi toplami J621,6

EALU=UDAD + UpAp + Lk i+ 08 UTAT+ 0.5 Ukt + UdAd +..

EAl= 36216

Gzl 19 kayb ; Hs Hr + Hy

iletim yaluyla gerceklesen 151 kayb
HT=2 Al +|UI

Havalandirma yoluyla gerceklesen s kayvhbi
Hy=033. fh. ¥h = 996,00 1

H=Hi+Hh = . 461762 . WK

%) Kullanici tarafindan tanmianan bilegenlerdir,




Table A.15. Prep School-block B alternative insulation level (5 CM XPS) TS

825 software annual heating energy theoretical (cont.).

Yillik Isitma Enerjisi ihtiyaci Hesaplama Cizelgesi

lsi kab IsI kazanglar
Ozgil | Sicaklk ] icla Gines Kazang Isitma
Aylar Ist Kayb | Farki | Kayiplan | Kazano Eneriisi Toplam KiKO | Kullanim | Enerjisi
Kazanci Faktari Ihtiyac
H= I—lr+H\r 6-9, | Ha-a) L b Iﬁr=¢i+¢s ¥ Moy QW
K L 0 A0 A0 A7 = ) kD
O A 174 75951 14 583 22129 0,28 0ar 143.031.192
SUBAT 156 72035 18.091 23 637 0,36 0.94 124.251.335
MART 127 53 Gdd 1 033 28579 0,49 0.a7 47.5558.729
WIS AR 72 33247 23 683 31229 0,94 0.64 F3.561.900
MAYIS 20 9.235 26.294 33.540 3,66 0.00 0
HaZiR AN 4817 B2 0,0 0 7546 27.443 34.989 0,00 0.00 0
TEMMUZ an i} 26793 34,345 0,00 0.00 a
ABUSTOS 00 0 25424 32.870 0,00 0.00 o
EvLOL o1 462 22.095 24,641 64,19 0.00 0
EWind 54 27.244 18.274 25.820 0,85 0.65 27115581
HASIM 115 53103 13,963 21529 0,41 0.91 86.562.145
ARALIK 16,2 74805 12,781 20.327 0,27 0.49s 142 262812
-3
Qay = [Hiei-8e)- nipiay +dsad ()] 1 KI=0278.10  Kwh 0,750 5 AR LES
-3
Toplarmisi kaybn  Qwl =0278x10 = Ba0.644.185 (ki) = 180.879 lh
Ig 151 Kazano oy <= 5. An (W)
Giines enerjisi kazanc .z = Thiay ¥ iy 3 liay 20 A
Kazang kayip arani KK Oy = (¢iay + de,alf H{Bi a8 o2
Kazang kullamirm faktaro nay=1-¢g - 1KK Oy
- 2
’ﬂtoplam - 4137 i
Vet = 4716 m*
Hesaplama yapiian binadaki birim hasgmna diisen ik 1sitma enerfisi
2
Q=i vort B35 Kvhim © A= 0325V = 150912 m
Nop Mont™ 0,88 0rani hilge igin EK AZ5HREn Q' = 22,40 AN + Td¥millinde
yerine konuldudunda bina igin olmasi gereken en biyik 151 kayhb Q= Kwwifms bulunur, 2

Q= Q' [35.35 27 .45) oldujundan bu binaigin hesaplanan yillik 1sitma enerjisi ibtivac ol mas gereken en bOylk daderin
ustundedir. Bu praje, bu tandartlarda verilen hesap metoduna gire standartlara uygun degildir.
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Table A.16. Prep School-block B alternative insulation level (6 CM XPS) TS

825 software annual heating energy theoretical calculations.

Binanin Ozgiil Is| Kaybi Hesaplama Cizelgesi

“rapi Elemant| =il lletcenlik | 1=l ilethenlik ki ] k1 K ayb
Kalinhd Hesap Dederi Direnci | Gegirgenlic | Kaybedilen
Kats aye “fuzey
Binadaki Yapi Elemanlari &m A B i} ) o)
nme [ T I ] (el Cirky

DUWVAR: Dis Havaya Agk i, Yzl ki iletim Kats a1 (ig) 0,120

Dig Duwar 42 Gimento hara 0.0 16 00t
7425 TSEN 7711 e uygun dolu veya diey 041 095 0,104
0.3.1.16 Polietiren - Partikiler Képid- TS 0015 0,03 0,375
7425 TSENT71-1 e uygun doluweya digey 0z 0,85 02
103211 Bustride polistren képigi- TS 006 008 2,000
483 Anorgank es 2 hafift agregalardan 0,002 038 0008
1V, 4 Yiizeysel 11 iletim kat aps1 (dig) 0,040

TOPLAM 2875 0,34 S24,00 20311
DUWVAR: Dig Havaya Agk i | Yzl ki iletim kats ave1 (ig) 0,130
Kialon Kirg 43 A harcikiregli alg hara 0,02 07 002

511 Donath 025 25 0,700
103211 Bhstride polistren kipigi- TS 0.05 0.08 2000
42 Gimento harei 0,02 16 0013
Vg, 4 Vizeysel ol iletim kak apis1 (dig) 0,040

TOPLAM 23N 0,433 B50,00 281,25

TAMAN:G ahl Vo | Yiizzyz el Izl letim Kats a1 (ig) 0,120

Cab 6.3.3 Algidan duvar levhalar ve 0,0 0.4 0,021

8222 Dioyongal levhalar (TS 3452) 0,01 o017 00
102211 Bhstride polistren kpidi- TS 006 0,08 2,000
02218 Polimer bitimld suyalhm drtdle ri 0,005 0,19 0,05
1V, 4 Viizeysel 131 iletim hat aps1 (dig) 0,050

TOPLAM D8xAxU 2,316 0432 1465,00 | 40338

TABAM: Toprd Temazh i | Yzl ki iletim Kats aye1(ig) 0,170

Diigeme 46 Cimente hargh 3 ap 0,05 14 0.0

511 Donath az 25 0,20
W ﬂYtizs_vysz:_-l 151 iletim kats a1 (dig) [x]

TOPLAM D5xaxU 286 1,881 118500 | 964,15
Dig Pencerel 28 542 1646 6
Dig Kapil 58 15 g24
‘fapi elemanlanndan iletim yoluile gerceklegen st kayhi toplami 3.480,6

EAL= DAL + Upfp + Lk Ao+ D8 LITAT + 0.5 Uit + Udhd +.

ZAU= 3.480,6

Czoiil 15 kayhi  H= HT + Hy

Hr=zAl+| U

He=033 . nb.¥h =

iletim yoluyla gergeklegan 151 kayhl

Havalandirma yoluyla gerceklegen 121 kayhi
006,02 '/l

H=Hi+Hh =

L AAT6R62 WK

) Kullanier tarsfindan tanmianan bilegenlerdir,
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Table A.16. Prep School-block B alternative insulation level (6 CM XPS) TS 825

software annual heating energy theoretical calculations (cont.).

Yillk Isitma Enerjisi ihtiyaci Hesaplama Gizelgesi

l51 kaybi Isi kazanclan
Ozgil | Sicaklik E igla Gines Kazang Isitma
Aoylar Ist Kaybi | Fark | Kayiplan Kazano Enerjisi Toplam KKO | Kullamim | Enerjisi
Kazanc Faktari Ihtiyaci
H= Hr+H‘r 6-8, | He-s) LE b ¢r=¢i+¢3 ki Moy Qw
(AT K0 A0 00 00 0y ) ) L))
O & 174 76.550 14583 22129 0,29 0.a7 142781 6821
FUBAT 155 £9.535 16091 25637 0,37 0.93 119.214 561
MART 12,7 56.853 21.033 28579 0,50 0.86 §3655.029
MiSAN 72 32232 23 683 31.229 087 0.64 31.739.953
LB 20 8.953 26.294 33.540 3,78 0.00 1]
HAZIR AN 4476 52 oo i} 7 546 27 443 34.989 0,00 0.00 ]
TEMMUZ oo o 26.799 34.345 0,00 0.00 0
ABUSTOS [u] ] 25424 32.970 0,00 (Rii] 0
EvLOL 01 443 22,095 29641 66,21 0.00 0
EKiM 54 26412 18274 25520 0,98 0.64 25625550
KASIM 115 51 481 13.983 21529 0,42 0.91 2659217
AR K 16,2 72.521 12781 20327 0,28 0.97 136.869.119
5
Qay = [HBi-8e nipiay +4=ad 1)) 1 kI=027810  KWA Q=20 = 622.551.570
-3
Toplamisi kaybr  Qwl =0278x10 = B22.551.570 (ki) = 173.0689 Kk
Ig 151 Kazano diay <= 5. An (W)
Gilnes enerjisi kazanci o.ay= Efiay % Diay ¥ liay A
Kazang kayip orani b Cay = (diay + ds, ) HZiar8 ea)
Kazang kullanim faktari nay=1- e (-1/KKOay)
- 2
Htoglam = 4137 m
Vet = 716 m?
Hesaplama yapilan binadalki Birirn hanggna dilsen il 1sitma enerjisi
z
Q=Qypvot 370 EWhim A= 032xV = 150912 m
Bygp Myt™ 0,88 Oran hilge igin EK AZ&HEan &' = 22,4 AV + Tarmidlinde
yering konuldugunda bina igin olmasi gereken en blyik 151 kayhi Q= Kwwifs bulunur,
0= @'[36.70=27.45) aldufundan bu binaigin hesaplanan yillikisitma enerjisi iktivaci olmas gereken en bilyik dederin
ustundedir. Bu proje, bu standartlarda werilen hesap metoduna gére standartiara uygun dedildir.




Table A.17. 2nd dorm current insulation level (3 CM XPS) TS 825 software annual

heating energy theoretical calculation.

Binanin Ozgul Isi Kaybl Hesaplama Gizelgesi

“vapl Elemant| Isil letcentilc | Isil ileteenli ] ] k51 K ayhi
kalinhgi Hez ap Dederi Direnei | Gegirgenlic | Kaybedilen
Kats ayis ey

Binadaki Yapl Elemanlari & mi h R u A Ao

(R (e Crmiknng () QK
DUVAR:Diz Havaya Agk Va IYLizmeyseI Izl iletim Katsaye (ig:) 0,120
Kalon_Kiris 4.2 Alg harokiredialg hara 0,02 ik 0,023
811 Donath 025 25 010m
10.3.2.1.3 Bhstride polistren képigi- TS 0,03 0,04 0,750
42 Gimento hare 0.0z 16 0013
Va dYLize\,nseI 151 iletim kat a1 (dig) 0,040

TOFPLAM 1,061 09z 900,00 84820
DUWAR: Dtz Havara Aok Vg, | Yiizeysel sl letim bats.ayisi (ig) 0,120
Dig Duvar 74258 TSENT71-1 e uygun dolu veya digey o0 055 0,009
0.3.1.1.6 FPolistiren - Particdler Kopd - TS 035 00d 0,375
FAZS TSEN 7711 e uygun dolu veya diis ey 019 0,96 0,193
483 Anorgank esash haff agregalardan 0,01 03 0,055
10.3.2.1.3 Bhstrlide polistren képidi- TS 00z a0 0,750
483 Anorgank esash haff agregalardan 0,5 03 0otz
42 Cimento hare 0,04 16 0,006
Wa, dYLizeyseI 11l iletim kat a1 (dig) 0,040

TOFLARM 2132 0483 15385,00 g3088
DUWAR: Toprada Temas o | Yizeys el lsil Tletim Katsayiei (ig) 0,130
Bod rum_Duvan 45 Aly harghsap ooz 12 o017
811 Donath 02 25 000
0.3.2.1.3 Bhstride polistren képigi- TS 003 0,04 0,750
02215 Polimer bitdmidsu valhm drtdleri 0,005 Q.49 0,025
Vg, o Yizeysel s letim katayis (dig) 0,00

TOPLAM 05%Ax%U 1,003 1,024 36,00 | 27440
TEMEN G atil Vg, | Yiizeysel Isi Tletim Kats ayisi (ig) 0,130
Gat 6.33 Algidan duvar levhalar ve 0.0 04 0,021
8222 Diwongal levhalar (TS 34232 o,m 047 0,0
10.3.21.3 Bhstriide polistren képi§i- TS 0.0z a0 0750
02245 Polimer bitdmli suvalhm drtileri 0,005 0,19 0,05
g uYLizeyseI 151l iletim kak ayizi (dig) 0,00

TOPLAM 08xAxU 1,085 038 202,00 B01,64
TABAN: Topra: Temash g, iizeys el lzi Tletim Katsayisi (ig) 0,170
Dizeme 46 Cimento hargh sap 005 14 0,05
5.1.1 Donath 1 25 040
W, uYLizeyseI 151 iletim kak ayizi (dig) 0.0

TOPLAM 05%Ax%U BB 1851 205,00 BEd,S0
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Table A.17. 2nd dorm current insulation level (3 CM XPS) TS 825 software annual

heating energy theoretical calculation (cont.).

Binanin Ozgul Is1 Kaybl Hesaplama Gizelgesi

vapi Elemant| =il lleticenlile | 121l ilebsenlil 1 1

k1 K aybi
Kalinhg Hes ap Dederi Direnci Gegirgenllc | Kaybedilen
Kats ayer Yuzey

Binadaki Yapi Elemanlar &m i R b ) o

i LG ] () ke
g Penceret 28 5549 1665,2

D kapil LR 14 824

ap elemanlanndan iletimyoluile gerceklesen s kayhb toplam = a2M1,7

ZAU=UDAD + UpAp + Lk e+ DB LTAT+ 0.5 Lt + Lldhd +.
EAU= 5.241,7

Gzailis kayhi ; H= Hr + Hye

iletim yoluyla gerceklegen i kaybi |
HT=ZAU+ L

Havalandirma yoluyla gergeklesen s kayb
He= 0,32 nb. Vh = 2772 Wik

H=Hi+Hn =

e BOM3E. WK

% Kullanict tarafindan tanimilanan bilegenlerdir.
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Table A.17. 2nd dorm current insulation level (3 CM XPS) TS 825 software annual

heating energy theoretical calculation (cont.).

Yillik Isitma Enerjisi ihtiyaci Hesaplama Gizelgesi

[l kayh Isi kazanglan
Ozgil | Sicaklk sl igla Gines Kazang Isitma
Aylar lst Kayln | Farki | Kayiplan | Kazana Eneriisi Toplam KKO | Kullanim | Enerjisi
Kazanci Faktiri htiyact
H= HT+H\r ei_ee H(Ql—ﬂg) ¢i bs ln|'=¢i+¢‘S i nﬂ}" Qay
QAU KoC 0 0an )] 0 i 9] kD
OC & 16,1 129.021 14 640 35640 0,28 04a7 244 .813.804
SUBAT 145 117.000 18,246 50,246 0,34 0.95 205 524701
MART 11,7 93,760 21 461 42 461 0,45 0.29 145.074.214
MiS AN 62 45 635 24 242 45 242 0,91 0.67 20,214 401
MAYIS 10 5014 27.244 48 241 6,02 0.0 0
HAZIR &N 5.013,70 0,0 0 21.000 28.501 49,501 0,00 0.oo 0
TEMMUZ 0,0 a 27 506 45 506 0,00 0.00 a
AGUSTOS 00 ] 26 241 47 241 0,00 0.00 0
EvLUL 0,0 ] 22 547 43 547 0,00 ] a
EHin 449 39267 18.463 39 463 1,00 0.63 37.335.875
K A5 105 84144 14.032 35.032 0,42 0.91 135.470.232
ARALIK 152 121 508 12815 53815 0,28 0ar7 230.707 803
-3
Qay =[HiBi-8e) nipiay +dsa) 1] 1 KJ=0278.10  Kwh Q=EQ 7 1.050.244.520
-3
Toplamis kaybr  Qwl =0278x10 = 1.060.244520 (ki) = 291.968 Lk
Iz 131 Kazano iay <= 5. An (W)
Gines enerjisi kazanci tha.ay = Eliay ¥ Giaw 3 liay % A
Kazang kayip oran Kk Qay = (iay + ds.a)d H@ia-gea)
Kazang kullamim faktaro nay=1-¢g - 1KK Oy
- 2
’ﬂtoplam - 602 R
Vet = 13125 m?
Hesaplama yamlan binadaki birim hawamna disen il 1sitma enerfisi
2
Q=0 i Vbt 2225 kwhim ® A= 0,325V g = 4200 m
Aop Mort™ 0,43 0rani hilge igin EK AZ5HAEn Q' = 22,8 AN + I midldnde
yerine konuldudunda bina igin olmasi gereken en biyik 15 kayb Q= Kvvhfr36 bulunur. &
Q= @' [22.25=17.36] oldufundan bu binaigin hesaplanan yillikisitma enerjisi iktivac ol mas gereken en bidyik dederin
ustundedir. Bu proje, bu standartlards werilen hesap metoduna gére standartlara uygun dedildir,
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Table A.18. 2nd Dorm alternative insulation level (4 CM XPS) TS 825 software

annual heating energy theoretical calculations.

Binarn Ozguil Is1 Kaybi Hesaplama Cizelgesi

“¥api Elemant| il leticenlile | 151l ileteenlik ki ki 1 Kaybi
Kalinhg Hesap Dederi [rirenci Gegirgenll | Kaybedilen
Kats ayel Yuzeyw

Binadaki Yapi Elemanlan & & E i} ) ol

omkg | (RO | (kg | () Witk
DUWAR:Diz Havaya Ay iy, | Yiizeysel 11 iletim Katsayis: (g 0,120
Kaolon_Hiris A3 Alg harckiregialg hara 0.0z a7 0,029
51.1 Donath 0,25 25 0,100
10.3.2.1.1 Bestride polistren kpifi- TS 0,04 0,03 1333
42 Gimerto hara 0,02 16 ooz
Ve, d “izeys el izl iletim kat anz (dig) 0,040

TOPLAM 1544 0 EDg 200,00 547,31
CUVAR:Diz Havaya figk Vg, | Vizzyel 151l iletim beats a1 (ig) 0.1z
Dig_Duvar 7128 TSEM 7711 e uygun doluweya digey [ifi=] 0,96 0,084
102116 Polistieen - Parthoiler Kipid- TS 008 0.04 0878
7125 TSEN 7711 e upgun dolu weya digey 019 0. 0,158
42.3 Anorgank esash hafif agregalardan 0. 0.3 0,025
10.2.2.1.1 Brstriide polistren kdpidi- TS 0.04 oo 1.3
48.3 Anorgank esas | hafif agregalardan 0,005 0,28 0013
42 Gimento haro M 15 0,00
A, a Yizeysel izl iletim kat amsi (dig) 0,040

TOPLAM 2716 0,368 1885,00 730,33
DUNWAR: Toprafa Temas g, riizeys el 11 iletim bats a1 (g 0,120
Bodrum_Lrvan 45 Al harghzap 01z 12 o7
544 Donath 0z 25 0,00
10.2.2.1.1 Bistriide paolistren ki 0,03 0,02 1,233
92215 Polimer bitdmld suyahbm drtileri 0,005 0,19 00
Ve 4 ilzeys el 121l ilstim kat ayis (dig) 0,000

TOPLAM 05xAxU 1,588 0820 536,00 168,94
TAMAN: G atil Vg, | Vizeyel sl iletim kats a1 (ig) 0,10
Cah 6.3.3 Algidan duvar levhalar ve 001 0.4 0,021
2222 Dikyongal levhalar (TS 3932 0 047 0,058
10.2.2.1.1 Bestriide polistren kipidi - TS 0. Jaic] 1338
92215 Polimer bitdmld su yahbm drtdleri 005 0,19 0,025
g " “izeys el izl iletim kat anz (dig) 0,020

TOPLAM 0B8xAxU 1,880 0,806 202,00 282,91
TABAN: Toprad Temash iy, | fizzysel Iz iletim beats a1 (ig) 0,170
Digeme 46 Gimento hargh sap 005 14 0,06
51.1 Donath 1 25 0,am
W 4 izeysel izl iletimkat ansi (dig) 00

TOPLAM 0DAxAxU f=le ] 1,851 205 00 EE4,50
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Table A.18. 2nd Dorm alternative insulation level (4 CM XPS) TS 825 software

annual heating energy theoretical calculations (cont.).

Binamin Ozgiil Is1 Kayk Hesaplama Gizelgesi

rapi Elemant| Isil letcenlik | ksl ileteenil ] ] k51 Kayh
Kalinhg Hesap Dederi Direnci Gegirgenli | Kaybedilen
ats ayen uzey
Binadaki Yapi Elemanlan «m B R 2 2 skl
ATk [ aly] Crek (4] (it
Dig Pencerel 28 aja] 1664,2
g lapn 55 15 25
ap elemanlarindan iletim yoluile gergeklegen s kayvbi toplam = 4.316,4
EAL= UpADp + UpAp + Lk A+ D8 UTAT+ 08 Uttt + Udhd +. iletim yoluyla gerceklegen 151 kavyh |
SR 13164 Hr=zall+ Ul
o Havalandirma yoluyla gergeklesen 151 kayhi
LzgulisERayhi: H b S Hy=0,33 . th.¥h = A
H=Hi+Hn = .. 70884 . VWil
) Kullanic! tarafindan tani mlanan bile genlerdir.
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Table A.18. 2nd Dorm alternative insulation level (4 CM XPS) TS 825 software

annual heating energy theoretical calculations (cont.).

Yillik Isitma Enerjisi ihtiyaci Hesaplama Gizelgesi

[l kayh Isi kazanglan
Ozgil | Sicaklk sl igla Gines Kazang Isitma
Aylar lst Kayln | Farki | Kayiplan | Kazana Eneriisi Toplam KKO | Kullanim | Enerjisi
Kazanci Faktiri htiyact
H= HT+H\r ei_ee H(Ql—ﬂg) ¢i bs ln|'=¢i+¢‘S i nﬂ}" Qay
QAU KoC 0 0an )] 0 i 9] kD
OC & 16,1 114123 14 640 35640 0,31 0.96 207 123.713
SUBAT 145 103.491 18,246 50,246 0,38 0.93 173 642.549
MART 11,7 82934 21 461 42 461 0,81 0.26 120.314 886
MiS AN 62 43945 24 242 45 242 1,03 0.62 41 207 8235
MAYIS 10 70358 27.244 48 241 6,81 0.0 0
HAZIR &N 7.088,40 0,0 0 21.000 28.501 49,501 0,00 0.oo 0
TEMMUZ 0,0 a 27 506 45 506 0,00 0.00 a
AGUSTOS 00 ] 26 241 47 241 0,00 0.00 0
EvLUL 0,0 ] 22 547 43 547 0,00 ] a
EHin 449 34733 18.463 39 463 1,14 0.488 30.701.359
K A5 105 74428 14.032 35.032 0,47 0.2a 113.011.200
AR ALK 152 107 .7d4 12815 33815 0,3 0.96 195.129.078
-3
Qay =[HiBi-8e) nipiay +dsa) 1] 1 KJ=0278.10  Kwh Q=EQ 7 881.131.388
-3
Toplamis kaybr  Qwl =0278x10 x 881.131.398 (ki = 244,955 Lk
Iz 131 Kazano iay <= 5. An (W)
Gines enerjisi kazanci tha.ay = Eliay ¥ Giaw 3 liay % A
Kazang kayip oran Kk Qay = (iay + ds.a)d H@ia-gea)
Kazang kullamim faktaro nay=1-¢g - 1KK Oy
- 2
’ﬂtoplam - 602 R
Vet = 13125 m?
Hesaplama yamlan binadaki birim hawamna disen il 1sitma enerfisi
2
Q=0 i Vbt 18.66  Wwhim A= 0,325V g = 4200 m
Aop Mort™ 0,43 0rani hilge igin EK AZ5HAEn Q' = 22,8 AN + I midldnde
yerine konuldudunda bina igin olmasi gereken en biyik 15 kayb Q= Kvvhfr36 bulunur. &
§ = @' [18.86= 17.36] oldufundan bu binaigin hesaplanan yillikisitma enerjisi ihtivac ol mas gereken en bidyik dederin
ustundedir. Bu praje, bu standartlards werilen hesap metoduna gére standartlara uygun dedildir,
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Table A.19. 2nd Dorm alternative insulation level (5 CM XPS) TS 825 software

annual heating energy theoretical calculations.

Binamin Ozgiil Is1 Kaybl Hesaplama Gizelgesi

“vapi Elemani| I=il lletienlic | il ileteanlilc =] ki k1 Kay
Kalinhdi Hesap Dederi Direnci | Gegirgenli | Kaybedilen
Katz aye) “Tuzey

Binadaki Yapl Elemanlari & m) % R u A Fodl

nrmk ek [ (e k)
CUVAR: D5 Havaya Ak g, | Tizzysel lsil letim Kats ayis1 (i) 0,120
Kiola n_Kiris 43 Alg haro kiredialg haro oo 0z 0,08
5.1.1 Donath 025 25 0100
103211 Bstride polistren kdpidi- TS 0.05 0,03 1,657
42 Gimerto hare [ex] 16 0m3
W d izeysel izl iletim kak ayisi (dig) 0,040

TOPLAM 1,97 0,508 200,00 45507
CUVAR: D5 Hawvaya Ak Vg, | Yizeysel Is i iletim kats ayisi (ig) 0,120
Dz Duvar 7425 TEEM 7711 e uygun dolu veya digey 002 0585 0,05
0.23.4.1.6 Polistiren - Fartiodler Kipd- TS 0028 0.4 0,575
7TAZE TSEH 7711 & urgun dolu veya dis ey 0,19 006 0,193
453 Anorgank esasl hafif agregalardan 0401 03 0,025
0.3.2.1.1 Bkstride polistren képigi- TS 0,05 0,03 1667
422 Anorgani esasl hafif agregalardan 0ms 02 0,013
42 Gimento harc o 15 0,006
g, a izeysel izl iletim kat ayizi (dig) 0,040

TOPLAM 3,043 0,328 15385,00 85102
DUVER: Topraga Temas g, | riizeysel lsil iletim kats ayts 1 (ig) 0,120
Bodrum_Duvar 45 Alg hargh gap 0,02 12 0,017
511 Donabh 0z 25 0,00
03211 Bhstride polistren képidi- TS 0,05 0,0: 1.667
92215 Polimer bitimli s uyalhm Grbileri 0,005 0,19 0,050
W a iizeysel 121l iletim kak ayisi (dig) 0,000

TOPLAM DARAXU 1,920 0,521 368 00 128,61
TAMEN: G atilh Uy, | Yizesel Isi iletim kats ayts1 (ig) 0,120
Cah 6.3.3 Algidan duwar levhalar ve 0,01 0,47 0,021
8222 Dikwongal levhalar (TS 3982) 0,01 017 0,080
10.3.2.1.1 Bhstride polistren képidi- TS 005 0,02 1667
022415 Polimer bitdmlid zuvalthm drbileri 0,05 0,18 0,05
Va " izeyselizl iletim kak ayisi (dig) 0,020

TOPLAM 08xAXU 1,953 0,504 sz00 | 32354
TABAN: Topra: Temazh iy, | Tiizzysel lsil iletim Kats ays1 iz 0,170
Dizeme 46 Cimento hargh gap 00 14 0,025
541 Donath 1 25 0,910
Wa g izeysel izl iletim kak ayisi (dig) 0,000

TOPLAM DEXAXU =0 ] 1,851 205,00 584,50
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Table A.19. 2nd Dorm alternative insulation level (5 CM XPS) TS 825 software

annual heating energy theoretical calculations (cont.).

Binanin Ozgul Is1 Kaybl Hesaplama Gizelgesi

wapi Elemnant| Isil lebcenlile | Isil ilethenlilc =] k1 k1 Kaybi
Kalinhg Hesap Degeri Lrire nci Gegigenli | Kaybedilen
Kats ayis1 ruzey
Binadaki Yapl Elemanlari &mi h R u A sedl
il CERANY | (kA () (k)
Dig Pencera 28 A54 15645,2
Dig kKapn 548 15 82,5
apl elemanlanndan iletimyoluile gergeklegen i s kavhi toplami = 4.021,3
AU = UpADp + UpAp + Lk Al + 08 UTAT+ 0.5 Lt + Ulgha +.. iletim yoluyla gerceklesen 11 kayhi
caU= 40213 HsaAd L
o Havalandirma yoluyla gercekiegen 151 kayvbi
Ozgilis kavh H= H + He g e il
H=Hi+Hh = ... 6793,3.. . WK
) Kullanict tarafindan tanimianan bilegenlerdir.
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Table A.19. 2nd Dorm alternative insulation level (5 CM XPS) TS 825 software

annual heating energy theoretical calculations (cont.).

Yillik Isitma Enerjisi ihtivaci Hesaplama Gizelgesi

lsl kewb Isi kazanglar
Ozgil | Sicakhik E] igla Gineg Kazang | Ilsitma
Aylar | ls Kayb | Fark | Kayiplan | Kazano Enerjisi Toplam KKO | Kullamim | Enerjisi
Kazanci Faktari htiyact
H=H+H | a-6 | H@#-8a) LY [ @r=¢i+¢3 ke My Qny
(A LAl w0 00 ()] A = -1 (kD
DC A 16,1 109.372 14,640 35.640 0,33 0.95 195.732 825
SUBAT 146 99152 18,248 39.245 0,40 0.92 163,492 B&1
MART 11,7 79482 21 461 42 461 0,53 0.85 112 466128
MIS AN 6,2 42118 24 242 45 242 1,07 0.61 37 635.069
WA S 10 6793 27 241 48,241 7,10 0.00 ]
HAZIR &N £.793,30 0o i 21,000 28501 49.5M 0,00 0.00 ]
TEMMUZ oo 0 27 806 45 506 0,00 0.0a 1]
AGUSTOS 00 0 26.241 47241 0,00 0.00 0
EvLOL 0,0 o 22,547 43 547 0,00 0.00 0
EKiM 49 33267 18 463 30 463 1,19 0.a7 2T 976156
KAZIM 10,5 71.330 14.032 35.032 0,49 0.37 105,667,995
ARALIK 152 103.258 12815 33,315 0,33 0.49s 154375 965
o g o
Qay = [H{ai-8e)- nipiay +h=ad[ti)] 1 KIZ027810 KWk Q=20 = 827.573.110
-3
Toplamis kaybr  Qwl =0278x10 = BIT.A73110 (ki) = 230.065 lwvh
Iz 151 Kazana diay <= 5. An (W)
Gineg enerjisi kazanc thaay = Eliar ¥ Giay 10 liay A
Kazang kayip orani KK Oay = (¢iay + de.a)ld HiBiaw-g ez
Kazang kullamim faktard nay=1-¢ - 1KKO 2]
- 2
Higolam = 5602 m
Vet = 13124 m?
Hesaplama yapian binadaki birim hawgmna disen il 1sitma enerjisi
2
Q=0Q yir Vot 1753 Lwhin ° A= 0325V g = 4200 m
Aop Mort™ 043 0rani hiélge igin Bk AZ5HRen Q' = 22,4 AN + Fmdlande
yerine konuldudunda bina igin olmasi gereken en biyik 1z kaybi Q= Kiwhtae bulunur, 2
Q= Q' [17.5%= 17.36) oldujund=n bu binaigin hesaplanan yillikisitma enerjisi ibtiyac ol mas gereken en bliylk deferin
ustundedir. Bu praje, bu standartlarda verilen hesap metoduna gére standartlara uygun dedildir,
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Table A.20. 2nd Dorm alternative insulation level (6 CM XPS) TS 825 software

annual heating energy theoretical calculations.

Binanin Ozguil Isi Kaybl Hesaplama Gizelgesi

“vapi Elemnant| lzil lleticenlic | Izl iletieenlil ] k1 k1 Kaybi
Kalinhg: Hes ap Dederi Direnci | Gegirgenli | Kaybedilen
Kats ayis “uzey

Binadaki Yapi Elemanlan & A & 4 o ol

(i) L ] ] (iFk)
DUWAR:Diz Havaya Agk 1y, | Yiizzysel kil iletim Kats ayes 1 (ig) 0,130
Kaolon_Kirs 43 Al hare kiredialg hara 0.0z orF 0,023
541 Donath 0,25 Z25 0,100
103211 Bhstriide polistren k&pidi- TS 00 ooz 1657
42 Cimerto hare 00z 156 0,013
Ve 4 “izeys el 1=l letim kak ayizi (dig) 0,040

TOPLAM 1487 0,508 500 00 45507
DUWAR:Dng Havaya Apk g, | Yiizeyeel =il iletim Kats ayes: (g 0,420
g Duvar 7425 TSENTT-1 e wgun dolu veya diigey 00a 056 0,024
102146 Polistiren - Partkdler kipde- TS 0025 0.04 0,575
7428 TSEN 7711 e uygun doluvera dig ey 012 095 0,188
4833 Anorgank esash hafif agregalardan 0,01 03 0,005
10,3211 Bhstriide polistren k&pidi- TS 00 ooz 1657
423 Anorgank ezash haff agregalardan 0,05 03 0013
42 Gimerto hare o0 15 0,006
Ve a “iizeys el 11l iletim kak ayis1 (dig) 0,040

TOPLAM 3,049 0,328 1985,00 ES5102
DUWAR: Taprada Temas tig Yizeysel k=i iletim Kats ayes1 (ig) 0,430
Badrum_Diunear 45 Alg hargh zap ooz 12 [
511 Donath 0z 25 0,080
10.3.2.1.1 Bistriide polistren kdpigid- TS 005 003 1,667
92215 Polimer bitimii suyalhm drtileri 0,005 0,18 0,065
Vg, izeysel sl iletim kats ayis1 (dig) 0,000

TOPLAM D5xAxU 1320 0,521 638,00 135961
TAMAN: ahil V| Viizeye el ksl iletim Kats ayts1 (ig) 0,130
Gah 6.3.3 Algidan duvar lavhalar ve o0 047 0,021
8222 Diyongal levhalar (TS 3482 o001 017 0,050
102211 Bistriide polistren kdpidi- TS 005 0.0z 18557
92215 Polimer bitimld su yalhm &rbileri 0,005 0,19 0,05
L " “iizeysel 151l iletim kak ayis1 (dig) 0,020

TOPLAMK 08xAxU 19683 0,804 802 00 32354
TABAN: Topr d Temash tig, Yizeysel k=i iletim kats ayes: (g 0,170
Digeme 4f Cimento hargh ap 005 14 0,026
5.1.1 Donath 1 25 0490
Ve g iizeysel 131 letim kak ayis1 (dis) 0,00

TOPLAM DAxAxU B 1,661 805,00 664,50
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Table A.20. 2nd Dorm alternative insulation level (6 CM XPS) TS 825 software

annual heating energy theoretical calculations (cont.).

Binanin Ozguil Is1 Kaybl Hesaplama Cizelgesi

rapi Elemant| Izl lletienlilc | 1=l iletsenik =] k1 k1 Kay
Kalinhg Hesap Degeri [rirenci Gegirgenlic | Kaybedilen
Kats aye) “ruzey
Binadaki Yapl Elemanlari &m h R u A Aol
nfmi (e | ek () (k)
g Fenceret 28 454 14645,2
Dig kapmil 5.8 15 a2,5
ap elemanlanndan iletimyoluile gergeklesen s kayb toplami = 4.021,3
RAU=UDAD + Upfp + Lk Ak + 08 LTAT+ 0.5 Uit + Lldhd +.. iletim yoluyla gergeklegen 1= kayhi ;
SAL= 20213 Hr=EAU+ U
e Havalandirma yoluyla gergeklesen 1= kaykn
Lzolliskaybl RS b R oo e T Wik
H=Hi+ Hnh = ......&793,3.... Wik
™ Kullanici tarafindan tanimlianan hilegenlerdir.
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Table A.20. 2nd Dorm alternative insulation level (6 CM XPS) TS 825 software

annual heating energy theoretical calculations (cont.).

Yillik Isitma Enerjisi intiyaci Hesaplama Gizelgesi

ls1 keaybi IsI kazanclan
Ozgil | Sicaklk E] igla Giines Kazang Isitrna
Aylar | lsiKayb | Fark | Kaviplan | Kazano Enerjisi | Taplam KKO | Kullanim | Enerjisi
Kazano Faktari | Ihtiyac
H=H+H | &-8 | Ha-8) b L G0 t Ny Qy
D (L6 0D ] (L] 0 ) -1 G}
OC 2K 16,1 109372 14 540 35.640 0,33 0.85 195,732 625
SUBAT 146 93182 18245 39.245 0,40 0.9z 163.482 B31
MART 11,7 79482 21 461 42 461 053 0.85 112 466125
NIS&N 6.2 42118 24242 45242 1,07 0.61 37 B35.069
LB 10 6.793 27 241 45241 710 0.00 0
HaziR a8 £.793,30 00 ] 21.000 28501 49501 0,00 0.oo i
TE MmUZ 0o a 27 506 45 506 0,00 0.0a 1]
AEUSTOS a0 0 26241 47 241 0,00 0.00 0
EvLOL 00 a 22547 43.547 0,00 0.00 0
Ekind 44 33287 18463 39463 1,149 0Aa7 27 976156
K ASIM 10,5 71.330 14032 35032 0,49 0.a7 105687 995
ARALIK 15,2 103.255 12315 338185 0,33 0.85 184,376 965
L
Qay = [HE 18- nlbiay +d=adJt)] 1 KIZ0278.10  Kwh Q=20 = 827.573.110
-3
Toplam s kaybn  Qwl =0278x10 & B2TETIN0 kil = 230065 kawh
I 151 Kazano iar <= 5. An (V)
Gineg enerjisi kazanc $a.ar= Eliay % Oiay ¥ liay % Ai
Kazang kayip orani KK Oay = {diay + ds.ar)/ Higiargea)
Kazang kullanim faktri Ray=1-e 1KKOay)
2
Atapiam 5,802 m
Vet = 13125 m®
Hesaplama yaptlan binadaki birir hanggna dil gon it 1sitma enerjisi
z
Q=0 s Vit 1753 kwvhim ° A= 052%V by = 4200 m
Aop M= 0,43 orani hilge igin EK AZGllgan Q' = 22,4¢ AN + Fmilinde
yarine konuldudunda bina igin olmas gereken en biyak 131 kayh o= Kwhiga6 bulunar,
0O = Q' [17.5317.38) oldujundan bu binaigin hesaplanan wll kisitma enerjisi iktiyac olmas gereken en biyiik deferin
ustundedir. Bu proje, bu standartlarda verilen hesap metoduna gére standartlara uygun degildir.
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TROMBE WALL APPLICATION AND SUNROOM ON THE ROOF
IMPROVEMENT ACTION CALCULATIONS

1st Dorm - North

Table B.1. Investment costs for application of passive measures.

Actual Annual IZODER Annual N [Annual ~ [Annual Annual Annual Investment
Stat Natural Gas Theoretical Annual |Unit Price G L:: tls u S u CO2 COZUS . |Investment Bvds i kg
aus Consumption Heating Demand | TL/kWh Tai o8 ?_\l/_mg S\ggg Emission Kol e:mg Budget (TL) Jsge CO2/$
(kwh) Calculation (kJ) (T (M) (USD) (kglyear) (kglyear) (USD)
Current 357014.85 1002309192.00) 0.06] 20976.00 0.00) 0.00f 83541.47 0.00]
Trombe Wall 325102.86) 912717178.00 0.06] 19101.04| 1874.95| 1171.85|  76074.07 7467.41]  105048.00 65655.00 0.11
1st Dorm - South
Actual Annual IZODER Annual
Natural Gas Theoretical Annual [Unit Price AmualN A””.“a' Ann_ual CO2 Annual . |Investment Investment kg
Status . . Gas Cost |Saving  |Saving o CO02 Saving Budget
Consumption Heating Demand | TL/kKWh L L USD Emission Kalvear Budget (TL) USD CO2/$
(KWh) Calculation (k) M| |USD) gear)  |(kOVeR) (USD)
Current 355346.44 997625189.00 0.06] 20877.97 0.00) 0.00f  83151.07 0.00)
Trombe Wall 323456.06) 908093828.00 0.06] 19004.29] 1873.68] 1171.05]  75688.72 7462.35]  105048.00 65655.00 0.11
Prep School - Block A
Actual Annual IZODER Annual
Natural Gas Theoretical Annual |Unit Price AmualN A””.“a' Ann_ual CO2 Annual . |Investment Investment kg
Status . . Gas Cost |Saving  [Saving o CO02 Saving Budget
Consumption Heating Demand | TL/kKWh TL L USD Emission Kol Budget (TL) USD CO2/$
(KWh) Calculation (k) (| USD) | yaear)  [(KOVeRD) (USD)
Current 345331.92 969509705.75 0.06] 20289.58 0.00 80807.67 0.00]
Sunroom at the roof 279495.18 784674898.00 0.00 16421.42| 3868.16] 2417.60]  65401.87]  15405.80] 191718.00]  119823.75 0.13
U.PRICE
BUILDING ~ |PROPOSED ACTIONS ACTION TYPE UNIT  |QTY |(TL) T.PRICE (TL)
Facade installation m | 31800 264.32 84053.76
1STDORM- | Trombe Wallis proposed for | TROMBE WALL |Painting the fagde into black colour T | 31800 4.00 1272.00
NORTH | south fagade of the building. SYSTEM | Low-c glass installation w | 318000 5900 1876200
Opening vents ea | 3200 30.00 960.00 105047.76|
Fagade installation m 318.00 26432 84053.76
ISTDORM- | Trombe Wallis proposed for | TROMBE WALL |Painting the fagde into black colour m | 31800 400 1272.00
SOUTH | south fagade of the building. SYSTEM | Low-¢ glass installation w | 318000 5900 1876200
Opening vents ca 3200 30.00 960.00 105047.76|
PREP . . SUNROOM | Skylight fenestration frames installation P | 91600 14742 135034.00
Sunroomis proposed for skylight 2
SCHOOL - . by SYSTEMAT | oy glass installation 916.00 5900 5404400
BLOCK A section of the building. ROOF
Opening vents ca 88.00 30.00 2640.00 191718.00|
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Table B.2. 1st Dorm-north block current insulation level (3 CM XPS) TS 825 software

annual theoretical calculations.

Binanin Ozguil Is1 Kaybl Hesaplama Gizelgesi

“vapi Elemant| Izil lleticenli | 1zl ileticenlil 1 1 1 K ayhi
Kalinligi Hes ap Dagari Direnci Gegirgenlk | Kaybedilen
Kats ayes) ruzey
Binadaki Yapi Elemanlari &m i1 R 4 o sl

(VTG (ki) Q] () k)
CUVAR:Dng Havaya gk tig, | Vizeyel Is i letim bats ayis: ¢ ig) 0,120
Dug_Dunwar 43 Alghare kiregli ale haro 0,0z arF 0,029
102213 Bistride polistren képddi- TS 0,02 0,04 0,750
726 Mormal derzkalinhgnda ve normal 0z 0,25 0Em
42 Gimenta harel 0,02 16 0,01z
Va, 4 Yizeys el izl iletim kak ayisi(dig) 0,040

TOPLAM 1,781 0558 1728,00 92747
DUWAR: Dz Havaya Agk Vg, | Viizesel Isil letim Kats ayis (ig) 0,120
Kolon_Kirig 43 Alghareikiregli ale haro 0,02 ar 0,0e
02213 Bistride polistrenkdpidi- TS 0,03 0,04 0,750
£.1.1 Donath 0.25 25 0,100
42 Gimento haro 0,02 158 0012
Ve, 4 Yieysel sl iletim kak ayisi (dig) 0,040

TOPLAM 1,081 0242 ETE,20 B3737
DUWAR: Taprada Temas Vg, | Yiizeysel Isil iletim bats ayis1 (ig) 0,120
Bodrum_Cruavan 45 Algiharghsap 0,02 12 0017
102213 Bistride polistren képddi- TS 0,02 0,04 0,750
5.1.1 Donath 0z 25 0,00
9.2.2.1.5 Polimer bitimli su yalhm értdleri 0,005 0,19 0,05
g, Mizeys eliil iletim kate ayisi (dig) 0.0

TOPLAM D5xAxU 1,003 0287 470,00 234,30
TAVAN: Ozeri Agik Vg | Viizesel Isil letim Kats ayis: (ig) 0,10
Teraslar 511 Donath 01 25 0,040
46 Cimento hargh gap 0,05 14 0,036
102222 Bustride Polistiren Kapidi- TS 00 0,04 0,750
1.4 Granit 0,03 28 0011
Ve a Yieysel sl iletim kak ayisi (dig) 0,040

TOPLAM 1,006 0,994 410,00 407 38
TAVAN: G atih Kullarlan Y IYlLizeyseI Izl iletim Kats 2y (ig) 0,120
Gah 533 Algdan duvar levhalar we 0,01 0, 021
03213 Bestride polistren kdpidi- TS 0.0 0,04 0750
8222 Dhyongah levhalar (TS 3432) 0, 0,17 0,059
02215 Polimer bitdmid su yalbm drtile i 0,005 0,19 0,025
Vg, , Vizeys el il iletim kate ayisi (dig) 0.040

TOPLAM 1,028 0,574 420,00 41883
TABAN: Topra Termash Vg, | Yiizeysel Isil iletim bats ayis: (g 0,170
[oseme 48 Gimento hargh 5ap 0,05 14 0,025
5.1.1 Donath 1 25 04900
g, 4 Vizeys el =1l iletim kat ayis1 (dig) 0,00

TOFLAM 05xAxU (BOE 1851 735,00 55625
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Table B.2. 1st Dorm-north block current insulation level (3 CM XPS) TS 825 software

annual theoretical calculations (cont.).

Binanin Ozgiil Isi Kayb Hesaplama Gizelgesi

vapi Elemani| =il lletcenlit | =il Thetoanlil 1 E1 k1 Kayb
Kalinhg Hesap Degeri Lrire nei Gegirgenlk | Kavbedilen
gtz aysn uzey
Binadaki Yapl Elemanlari am A R u A sodl
k) (kg | CmEkig () (L]
g Fencerel 28 1258 352,24
Dng Kapi 5,5 1035 | 105,875

Y apl elemanlanndan ilstimyoluile gerceklegen s kavhi toplami = 3.950,4

EAU=UpADp + Uphp + L A+ 08 LTAT+ 0.5 Ukt + Udhd +. iletim yoluyla gergeklegen 151 kaybi ;

SAL = 3.050,4 Hr=EAU + 1L

s msy Hawalandirma yoluyla gergeklegen 151 kayhn
Ggiliskkarnld R bR Hv=0,33. nh . Vh = 3AZ3,00iK

H=Hi+Hh = . 07341 . Wik

) Kullanict tarafi ndan tamimianan bilegenlerdir.
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Table B.2. 1st Dorm-north block current insulation level (3 CM XPS) TS 825 software

annual theoretical calculations (cont.).

Yillik Isitma Enerjisi ihtiyaci Hesaplama Gizelgesi

[l kabi Is1 kazanclan
Ozgil | Sicaklk Isi iclsi Ginesg Kazang lsitma
Aylar | ls Kaybr | Farke | Kayiplan | Kazano Enetijisi Toplam KKO | Kullamim | Enerjisi
Kazanci Faktiri Ihtiyaci
H=H+H | &-8, | Hig-s) Ly L b=t i My Qo
ATK) 6w A7) ] A0 ) ) ) ()]
O 2K 161 113652 3188 26,347 0,24 098 226.885.530
SUBAT 145 103272 3872 27 B3 0,27 0.98 197 492738
MART M7 52758 463 28790 0,34 0.95 144 549247
MiSaN ] 43855 5252 26911 0,66 073 55221 114
MAYS 10 7073 5805 29 464 417 0.00 0
HAZIR A 707341 00 il 23659 5.045 29707 0,00 0.00 il
TEMMUZ oo o 5911 29570 0,00 n.oo i
LEUSTOS 00 il 5609 29 266 0,00 0.00 i
EvLOL 00 o 4581 28.540 0,00 0.00 ]
EMitd 449 34560 4024 27T Ea3 0,80 0.7 35.591.947
Ka5IM 105 74271 3073 26732 0,36 0.94 127 377 373
ARALIK 15,2 107 516 2792 26.451 0,25 0.93 211.490.694
_5
Qay = [Hi@i-06- nipiay +4sa ]tl)] 1 KI=027810  Kwh Q=20 = 1.002.309.182
-3
Toplamis kaybr  Qwl =0278x10 = 1.002.209182 (k)= T8.642 kitvh
Iz 151 Kazana diar <= 5. An (W)
Gines enerjisi kazanc do.ay = Etiay 1 Qiay ¥ liay x A
Kazang kayip orani KK Oay = (diay + ¢s,a)f Higiayoea)
Kazang kullanirm faktori nay=1- ¢ (1K)
- z
Hopam = ABBEIS M
Vit = 14767 m®
Hesaplama yaptan binadaki birim hargmna disen ik isitma enerfisi
z
Q=Qyrvort 1884 idwim 7 A= 0325V = 47384 m
Ao Myr= 032 orani Bilge igin EK AZublaen G = 22,40 AV + Tlmalinde
yaring konuldudunda bina igin olmas gereken en bayik 151 kayb = KWhdra 7 bulunur,
Q= Q' [128.84= 14 .87 ) aldufundan bu binzigin hesaplanan yillikistma enerjisi iktivac ol mas gereken en biyik dederin
ustundedir. Bu proje, bu standart|larda verilen hesap metoduna gére standartiara uygun dedildir.
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Table B.3. 1st Dorm North block passive measure-trombe wall at one facade TS

825 software annual heating energy theoterical calculations.

Binanin Ozgul Is1 Kaybi Hesaplama Gizelgesi

vap Elemant| Izl Hetcanlie | il ileticenlil k1 E1 E1 Kavbn
Kalinhg: Hesap Degeri Direnci Gegirgenlk | Karbedilen
Katz a1 “ruzey

Binadaki Yapi Elemanlan A A R u A Fod)

Qi (meknnn (roAknn () (L]
DUVAR: Dy Havaya Agk g, | Viizeysel lsil iletim kats ayii Cig) 0,130
Cug_Duar 4.3 Algiharcikiregialg hara 0.0z 07 0,028
102213 Bestride polistren képiidii- TS 0,0 0,04 0,750
7216 MNormal derzkalinhjinda ve normal 0z 025 0,210
42 Gimento hare 0oz 16 0,013
W, d izeysel 151l iletim kak aniz1(dig) 0,040

TOFPLAM g e 0,58 A0432,00 592,25
CUVAR: Dy Havaya Agk Vg, | Viizeysel Isl Tletim Kats ayei (ig) 0,120
Kolan_Kirg 43 Algiharcikiregialg hara 0.0z arF 0,029
10.2.2.1.2 Bestride polistren kipdgi - TS 0,03 0,04 0,750
5.4.1 Donabh 025 25 0100
42 Cimento hare 0oz 16 0,013
Vg 4 izeyzel 1zl iletim kak aniz1(dig) 0,040

TOPLAM 1,081 0,342 EVE,20 E37,37
DUVAR: Dy Havaya Agk Vg, | Viizzeel Isi iletim kats ayisi (ig) 0,120
Diz_DCousvar_Trambe 11.1.1 Dz Pencere Cami(Ortalama deder 0,05 0s o,0r%s
11.3.3.2.2 Hava tabakas (yatay, s aeg 0,15 00E3 1,807
43 Alg hareikiredialg hara 0,02 o7 0,09
10.2.2.1.2 Bestride polistran kipigi - TS LaNuc] 0,04 0,780
7216 Normal derzkalinhdnda ve normal 0z 0,25 0,50
42 Gimento hare noz 15 0,012
g, o Vizeysel =1l letim kat ans1 (dig) 0,040

TOPLAM 3543 0,274 £96,00 194,04
CUVAR:Dg Havaya fgk 1ig, | Vizeysel 11 letim kats a1 (ig) 0,120
Duwart. 11.1.1 Dz Pencere Cami(Ortalama deder 005 oz 0,075
112222 Havatabakaz (yatay, =1 dogi 0,15 0,083 1,207
4.3 Algharekiregialg hara 0,02 o7 0,09
10.22.1.2 Bestride polistren ki 00z 0,04 0,750
5.1.1 [onabh 0,25 Z5 0,100
42 Gimento hare 0oz 15 0,012
g, 4 Yiizeys el isil iletim kats ayis1 (dig) 0,040

TOFLAR 2843 0,240 270,50 81,30
DUVAR: Toprada Temas 1y, | Viizeysel Iz letim kats ayisi (ig) 0,120
Bodrum_[ruvan 45 Mg harghzap 002 12 0,017
M0.2.2.1.2 Bistride polistren kipiidi - TS 0oz 0,04 0,750
5.1.1 Donatbh 0z 25 0,00
9.2.2.1.5 Polimer bitdmld su valhm dridleri 0,005 019 0,025
g, 4 izeysel sl iletim kak ayiz1(dig) 0,0m

TOPLAK 05xAxU 1,002 097 470,00 234,20
TanaN: lzeri Agik g, | iizzeel lzil letim ats a1 (ig) 0,130
Teraslar 5.4.1 Donabh a4 25 0,040
45 Cimento hargh zap 0,05 14 0.0
M.2.22.2 Bistride Polistiren Képigi- TS 0oz 0,04 0,750
1.4 Granit 0,03 28 0,011
g, o Yizeyzel =1 letim kat ans1 (dig) 0.040




Table B.3. 1st Dorm North block passive measure-trombe wall at one facade TS

825 software annual heating energy theoterical calculations (cont.).

Bihanin Ozgul Isi Kaybi Hesaplama Gizelgesi

“vapi Elemant| Iz letienlk | =il iletcenlic 1 ] 1 Kaybn
Kalinhg Hesap Daderi Direnei Gegirgenl | Haybedilen
Kats ayes1 “ruzey
Einadaki Yapi Elemanlari & A R u A Aol
(ke Crreki) | (e () (k)
TOPLARM 1,005 0,934 410,00 407,28
TAMEN: G atil Kullarlan W, | viizzysel sl Tletim Kats ayie (g 0,120
Gah 533 Algpidan duvar levhalarve 0,01 0497 o021
A0.2.21.3 Bestride polistren kdpidi- TS ooz 00 [
2222 Dicyongal lewhalar (TS 3482) 001 0,17 0,058
92215 Polimer bitimild suvalhm dridleri 0,005 019 0,05
Vi, uYLizefyseI 1zl iletim kate ayiz1(diz) 0,040
TOPLAM 1,026 0,974 430,00 41293
TABAN: Topr 3 Temash g, | izeyzel Lol iletim bats 2y (ig) 0,170
Dozeme 46 Cimento hargh zap 005 14 X3
5.1.1 Donath 1 25 0,400
Vg, uYLizefysel 121l iletim kak anizi(dig) 000
TOFLAM DhxAxU fi=ns] 1851 35,00 B56,25
Dig Pencerel 28 1258 352,24
Dig Kapi1 55 1925 | 105,875
Yap elemanianndan iletimyoluile gerceklegen 15 kayhi toplam = 38377

EAU= UpAp + Upfp + Uk Ak + 0.8 UTAT+ 0.5 Uht + Udfd +..
EAU= 3.837,7

Gzgil s kavh ; H= Hr + Hy

iletim yoluyla gerpeklesen 15 kaybi ;
Hr=zAl+ LI

Havalandirma yoluyla gerceklegen 1si kayhb

Hv= 0,33, ht . Wh = 3.423,00000¢

H=Hi+Hh = . 6960,71... Wik

™ Kullanic tarafindan tanmilanan bilegenlerdir,
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Table B.3. 1st Dorm North block passive measure-trombe wall at one facade TS 825

software annual heating energy theoterical calculations (cont.).

Yillik Isitma Enerjisi ihtiyaci Hesaplama Gizelgesi

Is1 kabi |51 kazanclarn
Ozgil | Sicaklik Isi Igls Giineg Kazang Isitma
Aylar ls1 Kayhi Farki | Kayiplan Kazanc Enerjisi Taplam KKO Kullanim Enerjisi
Kazanci Faktiiri Ihtiyaci
H=H+H | a-e_ | Hig-2) LN b LS N i3 My Qu
(G ] (K20 ) ) ) (A 1] 9] Kkl
QT A, 16,1 112,067 3188 26.847 0,24 0.98 222.232.454
sUBAT 145 101 626 3472 27 B3 0,27 0.92 193.227 808
MART 1.7 S1.440 4 631 28290 0,35 0.94 142164738
Misar B2 43.156 5252 25911 0,67 n.7e 53.409.950
M A5 10 6.961 5805 29.464 4,23 0.00 i
HaFIR AN £.950,71 o] ] 23659 045 29.707 0,00 0.00 i
TEMMUZ oo 0 5911 29.570 0,00 0.00 o
AGUSTOS oo 0 5609 29,268 0,00 0.00 0
EvLUL oo o 4 581 28.540 0,00 0.00 0
EKiM 44 34.107 4.024 27 683 0,21 0.71 37 460 566
HASIM 10,5 73057 3073 26732 0,37 083 125.003.23
ARLLIK 152 105603 2792 26 451 0,25 0.95 207.050.494
-3
Qay =[H{gi-8)- nidiay +dsadJt)] 1 kI=027810  Kwh Q=Z0Q & Ba0tans a7
-3
Taoplamisi kaybr  Qwl =0278x10 x 980.599.792 (ki) = 72607 Jik
Ig 151 Kazanco diar =5 An (W)
Glneg enerjisi kazanc da.ay=Eriay ¥ Giay ¥ liayx Ai
Kazang kayip oran KK Oay = ($iay + de.ay)/ HBia-8 e, 2
Kazang kullanirm faktérn nay=1-e [ 1KKOay)
- 2
Aoplam = 493585 m
Vit = 14787 m®
Hesaplarma yapiian binadaki B hanggwna digen vk sitma e nerjis
2
Q= Q yir Vbt 1844 WWhin 2 A= 032 %V g = 473184 m
Pyop Mori™ 033 oran Ailge igin Ek A2alann Q' = 22,4 ANV + Fimilind e
yerine konuldugunda bina icin olmas gereken en baydk 151 kaybi Q= kuvhgnze bulunur. ®
Q= @' [12.44= 15.28) eldufundan bu binaigin hesaplanan yllikistma enerjisi iktiyac olmas gereken en biiyilk dagerin
ustundedir. Bu praje, bu standartisrds werilen hesap metoduna gére standartisra uygun dedildic
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Table B.4.1st dorm — south block current insulation level

(3 CM XPS) TS 825 software annual heating energy theoretical calculations.

Binanin Ozgul Isi Kaybl Hesaplama Gizelgesi

“api Elemant| Isil llebcenlile | 1=zl iletcenlik =] =1} ki Kayt
Kalinhd Hesap Dederi Drirenci Gegirgenlic | Kaybedilen
Ktz ayin “ruzey
Binadaki Yapi1 Elemanlari & h R u A #edl

Qi kAN ek (m) (UL
DUWAR:Dig Havaya Agk g, | Yiizeysel lsil letim ats a1 ig) 0,120
Dis_Cuvarlar 43 Alg hare kiredialg haro 0,02 o7 0,029
10.2.2.1.3 Bestriide polistren képidi - TS 0.0z 0,04 0,750
7346 Mormal derzkalinhindawe normal 0z 025 0,200
42 Cimento harel 0,0z 16 0,013
Va, a “izeysel i1l iletim kak gz (dig) 0,090

TOPLAR 1,781 0,558 1733,00 | 98747
DUWAR:Dig Havaya Agk Vg, | Tiizeysel Izl letim ats a1 ig) 0,120
Kolon_Kirs 43 Alg harc kiredialg haro o002 o7 0,029
102213 Bkstride polistren kapidi - TS 0,03 0,04 0,750
511 Donath 025 25 0.100
42 Cimento hare o002 156 0,012
Vo, i Mizeysel izl iletim kat ayisi (dig) 0,040

TOPLAM 1,051 0,342 576,20 63737
DUWAR: Toprada Temas Vg, | Tiizeysel Izl letim ats a1 ig) 0,130
Bodrum_Cruwan 45 Algharghap 0,02 12 0,017
102212 Bestriide polistren képidi - TS 0.0z 0,04 0,750
5.1.1 Donath oz 25 0,020
92215 Polimer bitimli su walhm drtileri 0,005 0,19 0,05
g, 4 Tikzeys el 51| fletim kat ayis1 (dig) 0,000

TOPLARK 05%xA xU 1,002 0,597 470,00 234,30
TavEN: Dzeri Agik Vg, | Tiizeys el 21l letim ats ayts1 ig) 0.1z0
Teras_Cati 511 Donath L8| 25 0,040
48 Cimento hargh $ap 0,05 14 0,05
102223 Bestriide Polistiren Kapiidi- TS 0.0z 0,04 0,750
14 Granit 0,03 28 [NEE]
Vg 7 “izeysel i1l iletim kat gz (dig) 0,040

TOPLAM 1,008 0,994 410,00 407,38
TAVAN:G abih Kullanilan Vg, | Yiizeysel lsil latim bats ayves (g 0.120
Tavani.1 6.3.3 Algidan duvar levhalar we 0,01 047 0,021
10.2.2.1.3 Bestriide polistren képidi - TS 0.0z 0,04 0,750
8222 Dkyongah levhalar (TS 3922 001 o017 0,050
92215 Polimer bitimld zu walhm drtileri 0,005 0,19 0,05
g, 4 Tikzeys el 151l fletim kate ayis1 (dig) 0,040

TOPLAM 1,026 0,974 430,00 418,93
TABAM: Topr d Temash Vg, | Tiizeys el 121l letim ats a1 ig) 0,170
Taban1.1 48 Cimento hargh $ap 0,05 14 0,055
511 Donath 1 25 0,90
Vg, 4 Tikzeys el 1z1] fletim kate ayis1 (dig] 0,000

TOPLAM DA5xAxU (B0 1,651 725,00 658,25
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Table B.4.1st dorm — south block current insulation level

(3 CM XPS) TS 825 software annual heating energy theoretical calculations (cont.).

Binanin Ozgiil Is1 Kayb Hesaplama Gizelgesi

“rapi Elemant| Izil leticenlic [ 1211 Tetcentic =] ] 1 Kavbn
Kahnhd Hes ap Dejeri Direnci egirgenll | Kaybedilen
Kats ayer uzey
Binadaki Yapi Elemanlian am A i g 2 sl
[Ntk gyl (kg () QUiiky
Cug Pencerel

2,8 1268 | 352,24
Dng Kapil 55 18,25 | 105,375

‘fap elemanianndan iletimyoluile gerceklegen s kavhi toplam =

39504
EAU= UDAD + Upfp + U Ak + 08 UTAT+ 0.5 Utht + Udhd +. . iletim yoluyla gergeklesen 15 kayb
cAl= 39504 Hr=ZAlU+11I
o spics Havalandirma yoluyla gercekiesen 151 kayhi
wzgilist kayhi | H= HT + He He= 033k Wh = FA23,000K
H=Hi+Hh = . 07341 Wik
™ Kullanic tarsfindan tanimianan bile genlerdir,



Table B.4.1st dorm — south block current insulation level

(3 CM XPS) TS 825 software annual heating energy theoretical calculations (cont.).

Yillik Isitma Enerjisi ihtivaci Hesaplama GCizelgesi

lsi kb Isi kazanglar
Ozgal | Sicakhk Isi iglsl Gineg Kazang Isitma
Aylar | lskKaybr | Fark | Kayiplan | Kazano Enetjisi | Toplam KKO | Kullarem | Enerjisi
Kazanc Faktiri Ihtiyac
H=H+H | a-&_ | H#-8) LN L B=re ¥ M oy Qo
(G ) A0 ) ) L] - ) K
OC A 16,1 113.882 3.519 27178 0,24 0,83 226145004
SUBAT 146 103272 4.309 27 865 027 0.9s 196 636 560
MART 1,7 32758 4882 23541 0,34 0.95 144 231 314
MiSaN 52 43855 5424 29033 0,66 n7e 54 573267
MAYS 1.0 7073 5598 29557 418 0.0 1]
HAZIR AN 707341 0,0 o 23659 6.134 29.793 0,00 0.00 o
TEMMUZ 0,0 a 5.997 29 B56 0,00 0.0o i}
AGUSTOS 0.0 0 5752 29411 0,00 0.0o 1]
EvLIL 0,0 ] 5111 28770 0,00 0.00 1}
EHit 49 34 B0 4526 27 935 0,81 0.71 38,336 222
KASIM 10,8 74271 3360 273 0,36 0.94 126 678311
ARALIK 152 107 516 3.004 26753 0,25 0.8 210723721
3
Qay =[H@i-8e)- nipiay +dsa]10]]] 1 kI=027810 KM QWl:EQ ay= 997 625.189
-3
Toplamisi kaybr Gyl =0278x10 = 997625189 (k) = 277340 Kiihy
Iz 1z Kazano oy <= 5. An (W)
Glneg enerjisi kazanci tg.ar = Eiay ¥ Qiay % lay % A
Kazang kayip arani KK Oy = (Qiay + G,/ Hlar-8 .09
Kazang kullanim faktorii nay=1-¢ (1K O )
= 2
Atoplam = ABB53 m
Vet = 14787 m?
Hesaplarma yaprlan binadaki Birim hang@na disen vk 1sitma enerjis’
2
Q=0 i Vhrut 18.76  KWhin ° A= 082x W = 47IEE m
Aop M= 032 orani hilge igin EK AZohean Q' = 22,4 A + FBmilinde
yerine konuldudunda bina igin olmasi gereken en blyik 151 kayb Q= KwhdaT bulunur, ®
5= Q' [18.76= 14 87 oldufundan bu binaigin hesaplanan wilhkisitma enerjisi iktivact ol mas gereken en biyiik dederin
ustundedir. Bu praoje, bu standartlards werilen hesap metoduna gére standartlara uygun dadildir.
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Table B.5. 1st dorm-south block passive measure-trombe wall at one fagade

software annual heating energy theoretical calculations.

Binanin Ozglil Is1 Kaybi Hesaplama Gizelgesi

TS 825

“wapt Eleman | Isil lleticenlile | 1zl ileteenlitc ki 1] 1 Kayb
Kalinhdi Hes ap Dederi Driranii Fegirgenii | Kaybedilan
Kats ayis1 “uzey

Einadaki Yap! Elemanlan & A R u A sodl

Qivrmb Sl R B () k)
DUVAR: D1y Havaya Agk g, | viizeysel lsi letim kats aye (ig) 0,420
Dizs_Duvarlar 42 Algr hareikiredialg hara 00z orF 0,0
10.3.21.3 Bestriide polistren kipiidi - TS 003 0.04 0,750
7.2.1.6 Mormal dezk alinhginda we normal oz 0,25 0,200
42 Gimento harel 0,0z 15 0,013
Va, 4 “izeysel 151 letim kat ayi=1(dig) 0,090

TOPLAM 1,781 058 | 14300 | s9z25
DUVAR: g Havaya Agk Vg, | Yiizzysel Isil [letim Kats ays1 (ig) 0,420
Faolon_Kiris 43 Alg hareikiregdialg haro o0z oz 0,029
10.3.2.1.3  Bestride polistren képligi- TS [akic 0.0 0,730
5.1.1 Donatlh 025 25 0.100
42 Cimento hare o0z 15 0,01z
irs leLizeyseI 151l iletim kat ayi=1(dig) 0,090

TOPLAM 1,081 0,342 405 20 382,44
DUVAR:DIE Havaya Agk g, | Viizzys el Isil |letim Kats 2y (ig) 0,120
Dis_Duwar_Trombe 1141 Duz Pencere Cami{Ortalamadeger oS oz 0,07
11.2.32.2 Havatabakasi (yatay, 151 ag 0,15 00z 1807
43 Ag hareikiregialg hara ooz o7 0,029
103212 Bestride polistren képligi - TS oo 0,04 0,70
7316 HNormal derzk alinhdinda we normal oz 025 030
42 Gimento haro 0,02 15 0,012
Vg, ; izeysel izl iletim kak 2121 (dig) 0,040

TOFLAM 3543 0,274 B3E,00 131,04
DLWAR:Dng Havaya Agic g, | Yiizeysel Il iletim Kats ayis1igh 0,120
Duwart. 4 11.1.1 [z Pencere Cami(Ortalama deder oS oz 0,075
11.2.3.2.2 Hava tabakasi (yatay, Is dog 015 ooz 1207
43 Alg harcikiregialg harg 00z orF 0,0
10.2.2.1.3 Bustriide polistren kipldi - TS o0z 0, 0,750
511 Donabh 025 25 0,100
42 Gimento harel o0z 15 0oz
g, 4 izeysel 1=l iletim kats 211 (dig) 0,090

TOPLAM 2843 0,30 270,50 8180
DUWAR: Topraga Temas Vy, | Viizeysel lsil letim ats aye (ig) 0,120
Bodrum_Duavan 45 Al hargh gap 0,02 12 a7
10.3.2.1.3 Bustride polistren képligi - TS 0,02 0,04 0,750
5.1.1 Donath oz 25 0,020
92215 Polimer bitdmidu walhm drtdleri 0,ms 019 0,065
Va, le'.izeyseI 1511 iletim kats ayis 1 (dig) 0,000

TOPLAM 05xARU 1,002 0,87 470,00 234,30
T Ozer Agik g, | viizeysel Isil lletim Kats ays1 (ig) 0,130
Teras_Cati 8.1.1 Donatbh [ER] 258 0,040
46 Cimento hargh s ap 0,05 14 0,055
03223 Bestride Polistiren Kapligi- TS oo 0,04 0,780
14 Granit oo 28 0.011
g, 4 izeysel =1l iletim kat a1 (dig) 0,040
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Table B.5. 1st dorm-south block passive measure-trombe wall at one fagade TS

825 software annual heating energy theoretical calculations (cont.).

Binanin Ozglil Is1 Kaybkl Hesaplama Gizelgesi

“api Elemar | Isil lecenlih | 1z1l ileicenlil ki =] k1 Kaytn
Kalinhd Hesap Dederi Drirenci Gegirgenli | Kaybedilen
Fats avis) “Yuzey
Binadaki Yap1 Elemanlari &m A i i ) o)
i (ki) (ki ) k)
TOPLAM 1,008 0,994 410,00 40738
TAMAN: G abil Ko llarlan g, | Viizzysel ksl Tletim Kats aysi (ig) 0,130
Tawvani.A 533 Algidan duvar levhalar ve o0 04 0,021
102213 Bstride polistren kipidi- TS 0.0 0,04 0,750
2222 Dioyongal levhalar (TS 39320 0,0 017 0,058
922415 Polimer bitdmili suyahbm drileri 0,005 0,19 0,026
W cl “rizeys el izl iletim kak ayizi (dig) 0,040
TOPLAM 1,02 0,974 430,00 41893
TABAN: Topra Temash Vg, | Tiizeyeel Isl Tletim lats ays1 (ig) 0,170
Taban1.1 46 Gimerto hargh 5ap 0.05 14 0,065
511 Donath 1 z5 0.4
Vg, 4 Mikzeysel sl iletim kak 321 (dig) 0,000
TOPLAM 05xAxU B0 1,851 7as,00 558,25
g Fencere 2 1258 2516
Dng kami 54 19,25 105,875
apl elemanlanndan iletimyolu ile gergeklesen s kayh toplam = 3.482,3
EAU= UpADp + UpAp + Ui+ 08 UTAT+ 0.5 Uttt + Udhd +. iletim yoluyla gerceklegen 151 kaybi
HT=ZAU + Ul
A= 3.482,3
g i Hawalandirma yvoluyla gergeklesen s kayh)
Gzglbistiayhls L Hy Hv= 033 hh . Vh = 3ATZ0WIK
H=Hi+Hh = ... 660531 .. Wik

% Kullanict tarafindan tanimilanan bilegenlerdir,
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Table B.5. 1st dorm-south block passive measure-trombe wall at one fagade TS

825 software annual heating energy theoretical calculations (cont.).

Yillik Isitma Enerjisi ihtiyaci Hesaplama Cizelgesi

lsi kab IsI kazanglar
Ozgil | Sicaklk ] icla Gines Kazang Isitma
Aylar Ist Kayb | Farki | Kayiplan | Kazano Eneriisi Toplam KiKO | Kullanim | Enerjisi
Kazanci Faktari Ihtiyact
= ; =4 +
H I—lr+H\r 6-9, | Ha-a) L b Iﬁr LI ¥ Moy QW
(K e 0 (3] )] A7 ] 9] kD
O A 161 108345 3514 2TATE 0,26 0.4s 206.610.629
SUBAT 146 Q8433 4309 27 968 0,249 0.4a7 179647181
MART M7 77282 4882 28 541 0,37 0493 131.515.040
MiSAN 5,2 404853 5424 29083 0,71 0.76 45.558.479
MAEYS 1,0 5605 5595 29557 4,47 o.oo 0
HaZiR AN 6.605,31 0,0 0 23659 5134 29.793 0,00 0.00 0
TEMMUZ an i} 5997 29656 0,00 0.00 a
A51STOS 00 0 5752 29.411 0,00 o.oo o
EvLIL 0,0 ] 5111 28770 0,00 0.on ]
EWind 49 32,366 4326 27.985 0,86 0.69 33.841.720
HASIM 105 £9.356 3560 27018 0,39 0.9z 115.335.959
ARALIK 15,2 100.401 3.094 26.753 0,27 0.49s 192281 330
-3
Qay = [Hiei-8e)- nipiay +dsad ()] 1 KI=0278.10  Kwh 0,750 5 ClEALoEH
-3
Toplarmisi kaybn  Qwl =0278x10 = 908.093.828 kil = 252,450 Kb
Ig 151 Kazano oy <= 5. An (W)
Giines enerjisi kazanc .z = Thiay ¥ iy 3 liay 20 A
Kazang kayip arani KK Oy = (¢iay + de,alf H{Bi a8 o2
Kazang kullamirm faktaro nay=1-¢g - 1KK Oy
- 2
iopiam = 4.665,35 m
Vet = 14787 m?
Hesaplama yapiian binadaki birim hasgmna diisen ik 1sitma enerfisi
2
@ =@y Vit 17.07  iihim A= 0325V = 473184 m
Nop Mont™ 032 0rani hilge igin EK AZ5HREn Q' = 22,40 AN + Tl linde
yerine konuldudunda bina igin olmasi gereken en biyik 151 kayhb Q= Kwhdrg7 bulunur, 2
Q= Q' [17.07= 14 871 aldujundan bu binaigin hesaplanan yillik1sitma enerjisi ibtivac ol mas gereken en bOylk daderin
ustundedir. Bu praje, bu standartlarda verilen hesap metoduna gire standartlara uygun degildir.
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Table B.6. prep school-block A current insulation level (0 CM XPS) TS 825

software annual heating energy theoretical calculations.

Binarnin Ozgiil Isi Kaybl Hesaplama Gizelgesi

api Elemant| Isil leticenlite | 1=l Tleticanlil ] ] ki1 Kaybi
Kalinhg Hesap Degeri Direnci Gegirgenlk | Kaybedilen
Kats ayes “fuzey
Binadaki Yapi Elemanlari &m A R u A Aol
I [y R ] (nifK)
DUVAR: Dz Havaya Mgk tig | Yizeysel 15| iletim Kats ayis1 (ig) 0,120
Dis Duvarl ar 43 Mg harekiregi algn haro 0oz 07 0,028
7425 TSEN 7711 e uygun dolu veya dis ey 0z 09 0208
42 Gimerto hare 0,015 16 0,009
L 4 “izeys el 151l iletim kats ayisi(dig) 0,040
TOPLAM 496 2402 | 1801,00 | 360575
DUVAR: Dz Havaya Agk tig | Yiizeysel 15| iletim Kats ayis1 (ig) 0,120
Kilor_Kirk 43 g hareikiregdialg haro 0,02 07 [
511 Donatl 025 ZA 0,900
4.2 Gimenta hara 0,02 16 00132
g, 4 Yizeyzel 131 letim kate ayiz1 (dig) 0,040
TOFLAM 311 3,215 62000 | 199311
TAVAN: G atih tig, | Yiizeysel 15| iletim Kats ays: (ig) 0,120
Cati 823 Alpdan duvar levhalar ve 0,01 0.4 0.
8222 Diyongal levhalar (TS 23482) 0,01 017 0.0
022148 Polimer bitGmbi suyalhm drtdleri 0,05 019 0,025
e o TiEzeys el i3] iletim kate 2151 (d1g) 000
TOPLAN 08xAxU 316 3,960 | 1801,00 | 379501
TABAN: Toprak Temazh g, | Yizeysel Is 1 Tletim Kats ayen () 0170
Digema 46 Cimento hargh zap 005 14 0035
541 Donath oz 25 0,020
Ve, 4 Tiizeys el i3] iletim kats 2151 (dig) oo
TOPLAM D5xAxU 255 5882 | 155400 457053
Dig Pencerel 5,68 384 220952
Dig Kapn A4 14 824
‘apl elemanlarndan iletimyolu ile gerceklesen st kayh toplami = 16.255,6
EAU=UDAD + UpAp + U B+ DB UTATH0E LA+ Ldbd+ iletim yoluyla gerceklegen 15 kayh ;
i +
S Al = 16.255,6 Hr=Z AU+ LI
P Havalandirma yoluyla gerceklesen 15 kaybi
B = +
Ozgdlist kayh ; H= Hr + Hy Hy=0,33 nh.¥h = 4,830,001k
H=Hi+Hh = ... 200046, ... Wik

) Kullarict tarafindan tanimianan bile genlerdir.



Table B.6. prep school-block A current insulation level (0 CM XPS) TS 825

software annual heating energy theoretical calculations (cont.).

Yillik Isitma Enerjisi htiyaci Hesaplama Gizelgesi

[51 ket Is1 kazanclan
Ozgil | Sicakhk| = Iglsl Gines Kazang | lsitma
Aylar | s kayb | Fark | Kayiplan | Kazano Enerjisi | Toplam KKO | Kullamim | Enerjisi
Kazanc Faktari Ihtiyac
H= HT+H\r a-6, | Hi-8) b [ @[=¢i+¢3 ke My Qw
(AR K2 ) ) ) (W) 9] o (kD)
[oled. 114 171 360718 10,051 46710 013 1.00 §13.907 780
suBAT 13,6 329.076 12617 49276 015 1.00 7235240564
MART 12,7 267 .902 15103 51762 0149 0.94 561.574 807
MiSAN 72 151.881 17140 53799 035 0.94 262595499
MAE 20 42159 19599 56,258 1,33 0.3 32.069.313
HAZIR AN 21.094 51 0,0 0 36659 20578 57237 0,00 0.00 0
TEMMUZ 00 o 20049 56.708 0,00 0.0a 0
AEUSTOS 0 0 16780 55439 0,00 0.00 0
EvLOL o1 2109 15870 52529 24,90 0.00 o
EKiM 54 124 455 12,802 49 451 0,40 0492 204 645 506
HASIM 11,5 242555 4625 46 287 019 0.99 £10.011 548
ARALIK 16,2 341733 3731 45 440 013 1.00 767930113
-3
Qar = [H(3 -8 nfpiay +4=ad 1] 1kJ=027B.10  KWWh 0,550 = 3.878.038.823
-3
Toplamisi kaybr  Qwl =0278x10 = 3.878.038823 (k)= 1078095 Lwh
Iz 151 Kazano sy <= 5. An (W)
Gineg enerjisi kazanc g.ar= Eriar ¥ Qiay % liay 0 A
Kazang kayip orani KOy = (diay + ¢e.ay) HiBiarden)
Kazang kullanim faktérii nay=1- & (11KKO4)
- 2
Atoplam = 5.500 m
Vet = 22912 m?
Hesaplama yaprlan binadaki birim hasdmna dilsen ik 1sitma enerjisi
2
Q=Qyuvirt 405 tbim ° A= 032%V = 73384 m
Ao Vo™ 0,24 orani hilye igin Bk Alaliman Q' = 22,41 AV + Tarrailinde
yerine konuldufunda bina igin olmasi gereken en biyik 151 kayb Q= Kavhaas bulunar, 2
Q= Q' [47.08= 12.26]) aldufundan bu binaigin hessplanan yill kisitrma enerjisi iktivac olmas gereken en blylk daderin
ustundedir. Bu praje, bu standartlard= werilen hesap metoduna gére standartiara uygun degdildir.
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Table B.7. Prep school-block A passive measure-sunroom at roof TS 825

software annual heating energy theoretical calculations.

Binanin Ozgiil Is1 Kaybi Hesaplama Cizelgesi

“rapl Elemant| Isil llzboenlic | 121l iletenlik =] ] 1 kaybn
Kalinhg Hes ap Degderi Direnci | Gegirgenlic | Kaybedilen
Kats aye “umey
Binadaki Yapl Elemanlar &m) 3 R U A Aedl
(i) (k| Rk () (idky
DUWAR: DI Havaya Mgk tig, | iz ki iletim kats a1 (i) 0,120
Dis Duvarl ar 4.3 Alg harekiredialg hara 0,02 o7 0,029
7425 TSEN 7711 e uygun dolu veya diisey 0z 0o 0,208
42 Gimerto haro 0,015 15 0,0
e 4 “izeys el izl iletim kak aniz i (dig) 0,090
TOPLAM A6 Z402 | 1E0100 | 3B0S7S
DUWAR:Dig Hawaya Agk iy, | iizeyzel Izl iletim bats ayes (i) 0,420
Kolon_Kiris 43 Alg haroikiredialg hara 0.0z o7 0,020
5114 [onath 0,25 25 0,400
42 Gimerto harel 0,02 15 0,012
i, , Yiizeys el isil iletim kats ayis1 (dig) 0,040
TOPLAM fei | 3215 | e2000 | 198319
TAVEN: G atil 1y, | iizeyeel ki iletim kats a1 (i) 0,120
Cati 1411 Duz Pencere Cami{ Ortalama deder 0,06 =] 0,075
11.3.2.3.4 Havatabakasi (vatay, lz1 aig (¥ 0,238 2,101
6.33 Aedan duvar levhalar ve 0.0 0 0,021
8222 Dicyongah levhalar (TS 3992 0,01 047 ez
92215 Polimer bitdmli suyalbhm drtileri 0,005 0,19 0,026
Wy,  Yizeys el il iletim kats a1 (dig) 0,850
TOPLAM 08xAxU 2482 0,401 1501,00 | 481,81
TABSM: Toprak Temash tig, | Yizzed ki iletim bats a1 (i) 0,170
Digeme 46 Gimente hargh gap 005 14 0.0
541 Donatlh 0z 25 0,050
Vo 4 izeys el il iletim kak ansi (dig) 0,000
TOPLAM 0D5xAxU peic 5,282 185400 | 457052
Dig Pencerel 5,68 3849 2209 52
Dig Kapil 5.5 15 a2.8
‘fap elemanlarindan iletimyoluile gergeklesan 1si kayhbi toplami = 12,426
TAU=UDAD + Updp + U A+ D8 UTAT + 0.5 Ukt + Udhd +.... iletim yoluyla gercaklesen 151 kaybi
Hr=2AU+ Ul
EAL= 129426
3 Havaland rma yoluyla oerceklesen 15 kayhi
f: = +
aal Sk RRRb RS + He=033 mh.Vh= 483900
H=Hi+Hh = ... AL7BLE. ... Wik

% Kullanici tarafindan tanimlanan hilegenlerdir.



Table B.7. Prep school-block A passive measure-sunroom at roof TS 825

software annual heating energy theoretical calculations (cont.).

Yillik Isitma Enerjisi ihtiyaci Hesaplama Gizelgesi

yerine konuldugunda hina igin olmas gereken en biyik 151 kayhi

o

Kvharas bulunur, 2

[51 ket Is1 kazanclan
Ozgul | Srcakhik| = iglst Gines Kazang | lsitma
Aylar | s Kaybe | Farke | Kayiplan | Kazano Eneriisi | Toplam KO | Kullarim | Enerjisi
IKazant Faktari Ihtiya ci
H=H+H | a-%, | H@g-6) b hs L ¥ o Qyy
ATKD K20 ) () A (W &) L k)
OC &K 17,1 304,066 10051 46710 0,15 1.00 BE7.065.015
SUBAT 156 277 383 12617 48276 018 1.00 591.279.045
MART 127 225826 15103 =1 762 023 0.99 452516147
MiSAR 7.2 128023 17140 53,799 042 0.91 204 950197
MEIS 20 355963 19,593 55.258 1,58 0.47 23643.757
HAZIR A0 17,781 51 o 0 36659 20578 57237 0,00 0.00 0
TE MMUZ oa a 20049 56.708 0,00 0.00 0
ABUSTOS 00 0 18,780 55433 0,00 0.00 o
EvLOL 01 1778 15870 52529 2954 0.00 0
EKim ] 104.912 12802 49 461 047 n.aa 159111 473
HASIM 11,5 204 458 9528 46 287 0,23 0.99 411 257 545
ARALIK 18,2 288062 8781 45440 016 1.00 B28675.918
-3
Qay = [H(B -8 nibiay +dsadJ1(1] 1 KI=0278.10  KWhH ENE LI 3.138.693.53¢
-3
Toplam s kaybr  Qpl =0278x%10 % 3138699584 (k)= 872858 kih
Iz 151 Kazano dhay <= 5. An (W)
Giineg enerjisi kazano bg.ay= Sliay ¥ Oiay % liay 1 A
Kazang kayip orani KKDay = (iay + de.a)f Higiay g e.m)
IKazang kullanim faktérn hay=1-8 (1KKD ay)
2
’ﬂtoplam 5.580 n
V it natz m°
Hesaplama yaptan binadaki birim hanggna diisen yilhis 1isitma enerjisl
2
Q=Qgyvout 3808 Rk ° A= 0325V = T3NE4 m
Agp M= 0,24 orani hiilge igin EK AZaliman Q' = 22,40 AV + Tdmilinde

ustundedir. Bu proje, bu standartlarda verilen hesap metoduna gére standartlara uygun dedildir.

3 = 13' [35.08= 13.26) oldudundan bu binaigin hesaplanan yill kisitma enerjisi ibtiyac ol mas gereken en biyiik dederin
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APPENDIX C

BOILER CAPACITY UTILIZATION AND TYPE IMPROVEMENT
ACTION CALCULATIONS

Table C.1. Boiler capacity utilization and type improvement action calculations.

15t Dorm Boiler - LNG Fuel Condensing Boiler Feasilibility Calculation Sheet
A-) System Characteristics:
Fuel Type ING|
Fuel Calorific Value 9.6kwhin?
Building Heat Loss Assumption 38 kW
Amual Operation Hours 1485h/year
Annual Energy Demand 798930kwhiyear,
Fuel Unit Price 0.625141TUn?
B-) Boiler Specs:
Boiler Type Norm Efficiency
It Botkr: Existing Boiler 75%
2nd Botr: (B 162*10 WALL TYPE CONDENSING BOILER 98%|
C-) Fuel Costs:
Annual Energy Demand (kWh)
Amual Fuel Consumption (kgj=
Norm Operational Effx Fuel Calorific Value (kWh/m3)
Annual Fuel Costi(EUR) = Annual Fuel Consumption (m3) x Fuel Unit Price (TL/m3)
Existing Boiler GB 162*10 WALL TYPE CONDENSING BOILER | Saving (inkWh)
Amual Fuel Consumption (m3)year) 110963 84920 250005
Annual Fuel Cost (TL/year) 69367 53087
Annual Operation Cost Difference: 16280T L fyear
D-) Boiler Prices:
Existing Boiler (EUR)
(B 162¥10 WALL TYPE CONDENSING BOIL (EUR) 33000
Initial investment Difference: 33000
E-) Result:
. New Boier ~ GB ) . Cumulative COz
Existing Bofler Fuel Cost 162410 Fel Cost Cumulative Fuel Cost Difference (TL) Difence (k)
1t Year 69367 53087 16280 58501
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HEATING LOOP PIPING INSULATIONS IMPROVEMENT ACTION
CALCULATIONS

Table D.1. Heating loop piping insulations improvement action calculations.

Aygrage App. Piping . External .
Block PI‘pIng Lenéth Location Temp Heat Loss  [Max. Heat Loss Realized Heat Loss*
Diameter
DN m Out/In °C Wim kw kW
Prep School Block B 80.00 450.00]Outside 10.00] 250.00 112.50 90.00
Prep School Block B 50.00 348.00{ Inside 20.00 148.00 51.50 2575
Calc. Heat Loss (kW) 115.75
* 80% of the unit loss shown in table for outdoor pipes assumed. Heating Hours 1485.00
*50% of the unit loss shown in table for indoor pipes assumed. Savings (kWh) 229188.96
Boiler Eff 0.75
Investment (TL) usb Annual Savings (m3) 23891.21
10800.00]  6750.00 Unit Price (TL/m3) 0.63 USD Savings
Annual Savings (TL) 14935.38 9334.61
Annual CO2 Saving (kg) 53630.22
Average -
Block Pipingg App. Piping Location External Heat Loss  |Max. Heat Loss Realized Heat Loss*
Diameter Length Temp
DN m Out/In °C Wim kw kW
Prep School Block A 50.00 348.00{ Inside 20.00 148.00 51.50 25.75
Calc. Heat Loss (kW) 25.75
*80% of the unit loss shown in table for outdoor pipes assumed. Heating Hours 1485.00
* 50% of the unit loss shown in table for indoor pipes assumed. Savings (kWh) 50988.96)
Boiler Eff 0.75
Investment (TL) usb Annual Savings (m3) 5315.21
3728.57| 2330.36 Unit Price (TL/m3) 0.63 USD Savings
Annual Savings (TL) 3322.76 2076.72)
Annual CO2 Saving (kg) 11931.42
Average -
Block Pipingg App. Piping Location External Heat Loss ~ |Max. Heat Loss Realized Heat Loss*
Diameter Length Temp
DN m Out/In °C Wim kW kW
1st Dorm North 50.00 160.00]Inside 20.00 148.00 23.68 11.84
Calc. Heat Loss (kW) 11.84
*80% of the unit loss shown in table for outdoor pipes assumed. Heating Hours 1485.00]
*50% of the unit loss shown in table for indoor pipes assumed. Savings (kWh) 23443.20
Boiler Eff 0.75
Investment (TL) usb Annual Savings (m3) 2443.78
1714.29]  1071.43 Unit Price (TL/m3) 0.63 USD Savings
Annual Savings (TL) 1527.70 954.82
Annual COz2 Saving (kg) 5485.71




Table D.1. Heating loop piping insulations improvement action calculations (cont.).

145

A_ve_ rage App. Piping . External .
Block Piping Location Heat Loss  |Max. Heat Loss Realized Heat Loss*
Diameter Length Temp
DN m Out/In °C Wim kW kW
1st Dorm South 50.00 160.00]Inside 20.00 143.00 23.68 11.84
Calc. Heat Loss (kW) 11.84
*80% of the unit loss shown in table for outdoor pipes assumed. Heating Hours 1485.00
*50% of the unit loss shown in table for indoor pipes assumed. Savings (kWh) 23443.20
Boiler Eff 0.75
Investment (TL) usb Annual Savings (m3) 2443.78
1714.29| 107143 Unit Price (TL/m3) 0.63 USD Savings
Annual Savings (TL) 1527.70 954.82
Annual CO2 Saving (kg) 5485.71
Average -
Block Pipingg APp. Piping Location Extermel Heat Loss  |Max. Heat Loss Realized Heat Loss*
Diameter Length Temp
DN m Out/In °C Wim kW kW
1st Dorm Apartments 50.00 144.00] Inside 20.00 143.00 2131 10.66
Calc. Heat Loss (kW) 10.66
*80% of the unit loss shown in table for outdoor pipes assumed. Heating Hours 1485.00
*50% of the unit loss shown in table for indoor pipes assumed. Savings (kWh) 21098.88
Boiler Eff 0.75
Investment (TL) - Well usb Annual Savings (m3) 219940
1542.86  964.29 Unit Price (TL/m3) 0.63 USD Savings
Annual Savings (TL) 1374.93 859.33
Annual CO2 Saving (kg) 4937.14
Average -
Block Pipingg APp- Pping Location Externel Heat Loss  |Max. Heat Loss Realized Heat Loss*
Diameter Length Temp
DN m Out/In °C Wim kW kw
2nd Dorm 50.00 294.00|Inside 20.00 143.00 4351 21.76
Calc. Heat Loss (kW) 21.76
*80% of the unit loss shown in table for outdoor pipes assumed. Heating Hours 1485.00
*50% of the unit loss shown in table for indoor pipes assumed. Savings (kWh) 43076.88
Boiler Eff 0.75
Investment (TL) usb Annual Savings (m3) 4490.44
3150.00] 1968.75 Unit Price (TL/m3) 0.63 USD Savings
Annual Savings (TL) 2807.16 175447
Annual CO2 Saving (kg) 10079.99
GRAND TOTAL SAVINGS (TL) 2549563
GRAND TOTAL SAVINGS (kWh) 391240.08




THERMOSTATIC RADIATOR VALVES AND ROOM

APPENDIX E
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TEMPERATURE SETPOINT OPTIMIZATION IMPROVEMENT
ACTION CALCULATIONS

Table E.1. Thermostatic radiator valves and room temperature setpoint optimization improvement

action calculations.
1st Dorm North . .
N.Gas Current Setpoint Propos_ed Delta T Saving from | N. Ga§ Unit 1st Dorm Calculated Saving
. Setpoint Table Price
Consumption
kwWh °C °C °C % (TL/KWh) kWh TL
357014.85 24.00) 22.00 2.00 0.17 0.06 61049.54 3586.90
kg CO2 Saving 14285.59
Saving USD 2241.81
1st Dorm South . .
N. Gas Current Setpoint Propos_ed Delta T Saving from | - N. Ga; Unit 1st Dorm Calculated Saving
. Setpoint Table Price
Consumption
kwWh °C °C °C % (TL/KWh) kWh TL
355346.44 24.00 22.00 2.00 0.17 0.06 60764.24 3570.13
kg COz2 Saving 14218.83
Saving USD 2231.33
1st Dorm
Apartments N. Current Setpoint Propos_ed Delta T Saving from | N. Ga.s Unit 1st Dorm Calculated Saving
Gas Setpoint Table Price
Consumption
kwWh °C °C °C % (TL/KWh) kWh TL
101765.90 24.00 22.00 2.00 0.17 0.06 17401.97 1022.43
kg COz2 Saving 4072.06
Saving USD 639.02
2nd Dorm . .
N. Gas Current Setpoint Propos_ed Delta T Saving from | N. Ga; Unit 1st Dorm Calculated Saving
. Setpoint Table Price
Consumption
kwWh °C °C °C % (TL/KWh) kWh TL
374089.04 24.00) 22.00 2.00 0.17 0.06 63969.23 3758.44
kg CO2 Saving 14968.80
Saving USD 2349.02
TOTAL SAVINGS (TL) 11937.90
TOTAL SAVINGS (kWh) 203184.98
1st Dorm 1st Dorm 1st Dorm 2nd Dorm
North South Apartments °
Qty of Valves 225.00 225.00 50.00 350.00
Investment-USD 5850.00 5850.00 1300.00 9100.00
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APPENDIX F

DOMESTIC HOT WATER HEATING IMPROVEMENT ACTION
CALCULATIONS

Table F.1. Domestic hot water heating improvement action calculations.

ALL Number of| HW Usage Daily HW Inlet Water Hot Water Delta T Total System Natural G§s Annual Nv(:‘,as
CAMPUS Occupants | per Person | Consumption Temp Temp Eff Consumption | Consumption
Case ea It/day kg/day °C °C °C % m°/day m*
Existing 10.00 60.00 50.00 0.75 47145.12
Proposed 10.00 45.00 35.00 0.75 452264.19)
Daily Saving (m®)
Annual Savings (') 14143.53
Unit Price (TL/m3) 0.63
Annual Savings (TL) 8841.70 5526.06
Annual Savings (kwh) 135679.26
1st Dorm - North
Number of| HW Usage Daily HW Inlet Water Hot Water DeltaT Total System Natural Gas | Annual N.Gas
Occupants | per Person | Consumption Temp Temp Eff Consumption | Consumption
Case ea It/day kg/day °C °C °C % m°/day m
Existing 180.00 30.00 5400.00 10.00 60.00 50.00 0.75 43.64 11582.84f
Proposed 180.00 30.00 5400.00 10.00 45.00 35.00 0.75 30.55 111114.42
Daily Saving (m®) 13.09
Working Days 265.44
Annual Savings (ms) 3474.85
Unit Price (TL/m3) 0.63
Annual Savings (TL) 2172.27 1357.67
Annual Savings (kwh) 33334.33
Annual COz Saving (kg) 7800.23
1st Dorm - South
Number of| HW Usage Daily HW Inlet Water Hot Water Total System Natural Gas | Annual N.Gas
. DeltaT -
Occupants | per Person | Consumption Temp Temp Eff Consumption | Consumption
Case ea It/day kg/day °C °C °C % m°/day m’
Existing 180.00 30.00 5400.00 10.00 60.00 50.00 0.75 43.64 11582.84f
Proposed 180.00 30.00 5400.00 10.00 45.00 35.00 0.75 30.55 111114.42
Daily Saving (m®) 13.09
Working Days 265.44
Annual Savings (ms) 3474.85
Unit Price (TL/m3) 0.63
Annual Savings (TL) 2172.27 1357.67
Annual Savings (kwWh) 33334.33
Annual CO2 Saving (kg) 7800.23
1st Dorm - Apartments
Number of [ HW Usage Daily HW Inlet Water Hot Water Total System | Natural Gas | Annual N.Gas
. DeltaT y
Occupants | per Person | Consumption Temp Temp Eff Consumption | Consumption
Case ea It/day kg/day °C °C °C % m°/day m’
Existing 40.00 30.00 1200.00 10.00 60.00 50.00 0.75 9.70 3529.70f
Proposed 40.00 30.00 1200.00 10.00 45.00 35.00 0.75 6.79 33860.47
Daily Saving (m®) 2.91
Working Days 364.00
Annual Savings (m’) 1058.91
Unit Price (TL/m3) 0.63
Annual Savings (TL) 661.97 413.73
Annual Savings (kWh) 10158.14
Annual CO2 Saving (kg) 2377.00
Hotel
Number of| HW Usage Daily HW Inlet Water Hot Water DeltaT Total System | Natural Gas | Annual N.Gas
Occupants | per Person | Consumption Temp Temp Eff Consumption | Consumption
Case ea It/day kg/day °C °C °C % m°/day m?
Existing 60.00 30.00 1800.00 10.00 60.00 50.00 0.75 14.55 1145.02]
Proposed 60.00 30.00 1800.00 10.00 45.00 35.00 0.75 10.18 10984.19
Daily Saving (m®) 4.36
Working Days 78.72
Annual Savings (ms) 34351
Unit Price (TL/m3) 0.63
Annual Savings (TL) 214.74 134.21
Annual Savings (kwh) 3295.26
Annual COz Saving (kg) 771.09
2nd Dorm
Number of| HW Usage Daily HW Inlet Water Hot Water DeltaT Total System | Natural Gas | Annual N.Gas
Occupants | per Person | Consumption Temp Temp Eff Consumption | Consumption
Case ea It/day kg/day °C °C °C % m°/day m’
Existing 300.00 30.00 9000.00 10.00 60.00 50.00 0.75 72.73 19304.73
Proposed 300.00 30.00 9000.00 10.00 45.00 35.00 0.75 50.91 185190.70
Daily Saving (m®) 21.82
Working Days 265.44
Annual Savings (ms) 5791.42
Unit Price (TL/m3) 0.63
Annual Savings (TL) 3620.45 2262.78
Annual Savings (kwh) 55557.21
Annual COz Saving (kg) 13000.39




HEATING LOOP CIRCULATION PUMPS IMPROVEMENT
ACTION CALCULATIONS

Table G.1. Heating loop circulation pumps improvement action calculations.

APPENDIX G

1st Dorm Total Pump Power Annual
(North & South/ - Pump Type (Heating Loop) Consumption*
& Apartments)
kw kWh
Constant Speed 6.00 8910.00
Variable Speed 6.00 4455.00
Savings (kWh) 4455.00
U. Price (TL/kWh) 0.21
Savings (TL) 955.15
Savings (USD) 596.97
kg CO2 Reduction 2748.74
. . Total Pump Power Annual
Biomedicals Pump Type (HeatingpLoop) Consumption
kw kWh
Constant Speed 16.00 23760.00
Variable Speed 16.00 11880.00
Savings (kWh) 11880.00
U. Price (TL/kWh) 0.21
Savings (TL) 2547.07
Savings (USD) 1591.92
kg CO2 Reduction 7329.96
Total Pump Power Annual
2nd Dorm Pump Type (HeatingpLoop) Consumption
kw kWh
Constant Speed 8.00 11880.00
Variable Speed 8.00 5940.00
Savings (kWh) 5940.00
U. Price (TL/kWh) 0.21
Savings (TL) 1273.54
Savings (USD) 795.96
kg CO2 Reduction 3664.98
Total Savings (kWh) 22275.00
Annual Total 1 Savings (TL) 4775.76
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APPENDIX H

LIGHTING IMPROVEMENT ACTION CALCULATIONS

Table H.1. Lighting power and densities benchmark tables.

149

Building | Wing/Block [Ballast Type Total Power Total Allowed | Difference | Difference
Watt Watt Watt %
Ist Dorm [ALL Conventional 76586.00 81551.70 -4965.70 -0.06
Biomedical [ALL Conventional 116518.00 84686.11 31831.89 0.38
Hotel Block C Conventional 21338.00 15034.50 6303.50 0.42
2nd Dorm Conventional 53550.00 43038.10 10511.90 0.24]
Total ALL Conventional 267992.00 224310.41 43681.59 0.19
Building | Wing/Block [Ballast Type [ Total Consumption | Baseline Cons. | Difference | Difference
kWh kWh kWh %
Ist Dorm [ALL Conventional 145360.23 154785.13 -9424.90 -0.06
Biomedical [ALL Conventional 221151.16 160734.24 60416.93 0.38
Hotel Block C Conventional 11650.55 8208.84 3441.71 0.42
2nd Dorm Conventional 101637.90 81686.31 19951.59 0.24]
Total ALL Conventional 479799.84 405414.51 74385.33 0.18
Building | Wing/Block |Ballast Type| Total Consumption | Baseline Cons. | Difference | Difference
kWh kWh kWh %
Ist Dorm  |ALL Electronic 120760.80 154785.13 -34024.32 -0.22
Biomedical |ALL Electronic 183725.58 160734.24 22991.35 0.14
Hotel Block C Electronic 9678.92 8208.84 1470.08 0.18
2nd Dorm Electronic 84437.64 81686.31 2751.33 0.03
Total ALL Electronic 398602.94 405414.51 -6811.57 -0.02
Annual Saving (kWh) 81196.90
Annual Saving (TL) 17408.61
Building | Wing/Block [Ballast Type Saving CO2 Saving | Investment Saving Saving
kWh kg UsSD TL uUsD
Ist Dorm  |ALL Electronic 24599.42 15177.84 10937.50 5274.12]  3296.32
Biomedical |ALL Electronic 37425.58 23091.58 12500.00 8024.04]| 5015.03
Hotel Block C Electronic 1971.63 1216.50 1562.50 422.72 264.20
2nd Dorm Electronic 17200.26 10612.56 6250.00 3687.74] 2304.83
Total ALL Electronic 81196.90 50098.48 17408.61 10880.38




Table H.1. Lighting power and densities benchmark tables (cont.).
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Building Wing/Block Floor Type/Use Qty| Area Power LPD Type Ballast Type Alloved | Total Area | Total Pover | Total Allowed | Difference | Difference
m' | watt | watym® Wattm’ | n? Watt Watt Watt %

1" Dorm Entrance Block [Basement |Gym 1 112.40 [ 540.00 4.8 Magnetic 10.00, 112.40 540) 1124] -584] -52%|
1™ Dorm Entrance Block [Ground | Atrium 1 112.40 [ 936.00 8.3 Fluorescent | Magnetic 6.00] 112.40] 936) 674 262] 39%|
1™ Dorm South Nursing 1 26.70 360.00 13.5  |Fh Magnetic 8.00] 26.70 360) 214 146 69%|
1™ Dorm South Technical Room 1 44.20 648.00 14.7 _[Fl Magnetic 16.00, 44.20 648 707| -39 -8%)
1™ Dorm South wC 1 11.50 72.00 6.3 Fl Magnetic 10.00, 11.50, 72 115] -43] -37%|
1™ Dorm South Floor Corridor 1 56.70 720.00 12.7  |Fk Magnetic 5.00 56.70 720, 284 437, 154%
1™ Dorm South Storage 1 32.60 432.00 13.3  [Fl Magnetic 3.00 32.60 432 98 334 342%|
1™ Dorm South Nursing 1 61.50 792.00 12.9 |FI Magnetic 8.00 61.50 792 492 300 61%)
1™ Dorm South Technical Room 1 11.00 108.00 9.8 [Flug Magnetic 16.00, 11.00, 108 176 -68| -39%|
1" Dorm South Flat Bed: 3 40.00 288.00 7.2 |Fluorescent |Magnetic 12.00, 120.00] 864 1440] -576] -40%|
1" Dorm South Flat WC 1 7.70 54.00 7.0 |Flu Magnetic 10.00, 7.70 54 77 -23] -30%|
1" Dorm South Flat Corridor 3 13.00 108.00 83 |F Magnetic 5.00 39.00 324 195] 129 66%)
1" Dorm South Flat Living room 3 34.70 288.00 83 F Magnetic 10.00, 104.10] 864] 1041 -177] -17%]
1" Dorm South Stairwell 1 36.00 216.00 6.0 |F Magnetic 6.00 36.00 216 216 0) 0%
1" Dorm South Ground _[Stairwell 1 36.00 216.00 6.0 |F Magnetic 6.00] 36.00 216 216 0) 0%
1" Dorm South Ground | Technical Room 1| 1100 | 108.00 9.8 |F Magnetic 16.00 11.00 108 176 -68 -39%|
1" Dorm South Ground _ [Office 1] 2750 | 216.00 79 |F Magnetic 12.00] 27.50 216 330) -114] -35%
1™ Dorm South Ground | Dorm Bedroom 12 [ 19.20 72.00 3.8 |Fluorescent |Magnetic 12.00, 230.40] 864 2765 -1901 -69%)
1™ Dorm South Ground | Dorm Kitchen 12 ] 10.20 36.00 35 Fluorescent | Magnetic 13.00, 122.40] 432] 1591 -1159 -73%|
1™ Dorm South Ground  |Dorm WC 12 4.50 36.00 8.0 |Fl Magnetic 10.00, 54.00 432 540] -108 -20%|
1™ Dorm South Ground _|Floor Corridor 1 126.00 | 2088.00 16.6  |Fl Magnetic 5.00 126.00] 2088 630 1458 231%|
1™ Dorm South Ground _|Flat Living room 1 27.30 216.00 7.9  |Fh Magnetic 10.00) 27.30 216 273 -57| -21%|
1™ Dorm South Ground _ |Flat WC 1 4.90 36.00 7.3 Fl Magnetic 10.00, 4.90] 36 49] -13] -27%|
1" Dorm South Ground Flat Kitchen 1 8.30 72.00 8.7 |FI Magnetic 13.00 8.30, 72] 108 -36 -33%|
1" Dorm South Ground Flat Bedroom 1 31.30 216.00 6.9 |FI Magnetic 12.00 31.30, 216 376 -160)| -42%|
1” Dorm South Ground Flat Corridor 1 16.80 144.00 8.6 |FI Magnetic 5.00, 16.80 144] 84] 60 71%)
1” Dorm South 1st Floor |Stairwell 1 36.00 216.00 6.0 |F Magnetic 6.00] 36.00 216 216 0) 0%
1" Dorm South 1st Floor _[Technical Room 1 11.00 108.00 9.8 |F Magnetic 16.00, 11.00 108 176 -68| -39%|
1" Dorm South 1st Floor [Dorm Bedroom 16 | 16.80 144.00 8.6 |F Magnetic 12.00 268.80 2304] 3226 -922 -29%|
1" Dorm South 1st Floor [Dorm Kitchen 8 8.20 72.00 8.8 |F Magnetic 13.00 65.60 576 853 -277 -32%
1" Dorm South Ist Floor |Dorm WC 8 | 4.70 36.00 7.7 |Fluorescent _|Magnetic 10.00) 37.60) 288 376 -88 -23%
1" Dorm South Ist Floor |Dorm Corridor 8 11.20 90.00 8.0 |FI Magnetic 5.00] 89.60, 720) 448 272] 61%|
1" Dorm South Ist Floor _[Dorm Balcony 8 4.10 80.00 19.5 d Magnetic 13.50, 32.80 640) 443] 197 45%)|
1™ Dorm South Ist Floor _[Floor Corridor 1 126.00 [ 2088.00 16.6  |Fl Magnetic 5.00] 126.00] 2088 630) 1458 231%]
1™ Dorm South 2nd Floor |Stairwell 1 36.00 216.00 6.0 |Fl Magnetic 6.00] 36.00 216 216 0) 0%
1" Dorm South 2nd Floor [Technical Room 1 11.00 108.00 9.8 |Fh Magnetic 16.00) 11.00) 108| 176 -68| -39%|
1™ Dorm South 2nd Floor [Dorm Bedroom 16 [ 16.80 144.00 8.6 |Fl Magnetic 12.00) 268.80] 2304] 3226 -922 -29%|
1™ Dorm South 2nd Floor |Dorm Kitchen 8 8.20 72.00 8.8 |Fl Magnetic 13.00, 65.60 576 853 -277 -32%|
1™ Dorm South 2nd Floor |[Dorm WC 8 4.70 36.00 7.7 _|F Magnetic 10.00 37.60 288 376 -88| -23%|
1" Dorm South 2nd Floor |Dorm Corridor 8 11.20 90.00 8.0 |FI Magnetic 5.00, 89.60 720 448 272] 61%)
1” Dorm South 2nd Floor |Dorm Balcony 8 4.10 80.00 19.5 Magnetic 13.50 32.80, 640 443 197] 45%)
1” Dorm South 2nd Floor |Floor Corridor 1 126.00 | 2088.00 16.6 |F] Magnetic 5.00 126.00 2088 630 1458 231%)
1" Dorm South 3rd Floor _|Stairwell 1 36.00 216.00 6.0 |F Magnetic 6.00] 36.00 216 216 0) 0%
1" Dorm South 3rd Floor |Technical Room 1 11.00 108.00 9.8 |F Magnetic 16.00, 11.00, 108 176 -68| -39%|
1" Dorm South 3rd Floor _|Flat Kitchen 4 8.00 72.00 9.0 |F Magnetic 13.00 32.00 288 416 -128 -31%|
1" Dorm South 3rd Floor |Flat Living room 4 29.00 308.00 10.6 _|FI Magnetic 10.00 116.00] 1232 1160 72 6%
1" Dorm South 3rd Floor |Flat Bedrooms 4 39.60 276.00 7.0 |Fl Magnetic 12.00, 158.40] 1104 1901 -797, -42%|
1" Dorm South 3rd Floor |Flat Balcony 4 6.15 120.00 19.5  |Fluorescent _|Magnetic 13.50, 24.60 480 332 148| 45%)|
1™ Dorm South 3rd Floor _|Flat Kitchen 2 8.60 72.00 8.4 |Fluorescent | Magnetic 13.00, 17.20, 144 224 -80] -36%)
1" Dorm South 3rd Floor |Flat Living room 2 22.20 236.00 10.6 _ |Fluorescent _|Magnetic 10.00, 44.40 472 444 28 6%
1™ Dorm South 3rd Floor |Flat Bedi 2 24.20 184.00 7.6 |Fl Magnetic 12.00) 48.40 368 581 -213 -37%|
1™ Dorm South 3rd Floor |Flat Balcony 2 4.10 80.00 19.5  |Fh Magnetic 13.50, 8.20 160 111 49 45%|
1™ Dorm South 3rd Floor |Floor Corridor 1 126.00 | 2088.00 16.6  |Fl Magnetic 5.00 126.00] 2088 630 1458 231%|
1™ Dorm South Roof Stairwell 1 36.00 216.00 6.0 |Fl Magnetic 6.00] 36.00 216 216 0) 0%
1" Dorm South Roof Technical Room 1 11.00 108.00 9.8 Fluorescent [ Magnetic 16.00] 11.00] 108 176 -68 -39%|
1™ Dorm South Roof Study 1 ]320.00 | 3736.00 11.7_|FI Magnetic 12.00 320.00] 3736 3840 -104] -3%)
1” Dorm South Roof WC 1 34.40 360.00 10.5 |FI Magnetic 10.00 34.40 360 344 16] 5%
1” Dorm South Roof Terrace 1 | 300.00 | 960.00 32 Magnetic 2.20] 300.00 960 660 300 45%|
1* Dorm South 4130.10] 37890 38150 -260) -1%)
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Building Floor Type/Use Qty| Area Power LPD Type Ballast Type Alloved | Total Area | Total Power | Total Allowed | Difference | Difference
m Watt | Watt/m? Watt/m’ m’ Watt Watt Watt %
1™ Dorm (North Basement | Technical Room 1 61.40 720.00 11.7  [Fluorescent _ |Magnetic 16.00] 61.40] 720 982 -262) -27%|
1™ Dorm (North Basement | Technical Room 1 107.60 | 864.00 8.0  |Fluorescent [Magnetic 16.00] 107.60 864 1722 -858| -50%)
1™ Dorm (North Basement _[Floor Corridor 1 115.50 | 720.00 6.2 Fluorescent  |Magnetic 5.00, 115.50] 720 578 143 25%)
1™ Dorm North Basement | Storage 1 43.40 288.00 6.6 [Fluorescent  [Magnetic 3.00 43.40 288 130 158 121%)|
1" Dorm North Basement |Laundry 1 82.00 360.00 44 |Fh Magnetic 6.00 82.00] 360 492 -132 -27%
1™ Dorm North Basement _[Showers/Lockers 1 42.00 480.00 114 |Fluorescent [Magnetic 6.00 42.00] 480 252 228 90%
1™ Dorm North Basement [Stairwell 1 42.00 252.00 6.0 [Fluorescent [Magnetic 6.00] 42.00) 252 252 0 0%
1" Dorm North Ground _[Office 1 | 28.00 | 216.00 7.7 |Fluorescent _|Magnetic 12.00) 28.00) 216 336 -120 -36%|
1 Dorm North Ground | Dorm Kitchen 15 | 860 | 39.60 4.6 |Fluorescent _|Magnetic 13.00 129.00 594 1677 -1083 -65%
1" Dorm North Ground  [Dorm WC 15 4.20 58.00 13.8 Magnetic 10.00, 63.00) 870 630 240 38%
1" Dorm North Ground | Dorm Bedroom 15 ] 17.70 72.00 4.1 Fluorescent | Magnetic 12.00, 265.50] 1080 3186 -2106 -66%)
1™ Dorm (North Ground Floor Corridor 1 128.60 | 2088.00 16.2  [Fluorescent  |Magnetic 5.00, 128.60 2088 643 1445 225%|
1™ Dorm (North 1st Floor _[Stairwell 1 42.00 288.00 6.9  |Fluorescent  [Magnetic 6.00, 42.00] 288 252 36 14%)
1™ Dorm (North 1st Floor [Dorm Kitchen 8 8.20 36.00 4.4 |Fluorescent  |Magnetic 13.00] 65.60) 288 853 -565 -66%)
1™ Dorm North Ist Floor _|Dorm Corridor 8 8.80 90.00 10.2  |Fluorescent |Magnetic 5.00 70.40] 720 352 368 105%)
1" Dorm North Ist Floor _{Dorm Bedrooms 16 [ 15.60 72.00 4.6 |Fluorescent _[Magnetic 12.00, 249.60] 1152 2995 -1843 -62%)
1™ Dorm North Ist Floor _[Dorm WC 8 4.50 58.00 12.9 |Fluorescent _[Magnetic 10.00, 36.00] 464 360 104] 29%)
1" Dorm North Ist Floor |Floor Corridor 1 129.00 | 2088.00 16.2  |Fluorescent _|Magnetic 5.00] 129.00) 2088 645 1443 224%|
1" Dorm North 2nd Floor [Stairwell 1 42.00 288.00 6.9  |Fluorescent [Magnetic 6.00] 42.00) 288 252 36 14%|
1" Dorm North 2nd Floor |Dorm Kitchen 8 8.20 36.00 44  [Fluorescent [Magnetic 13.00, 65.60) 288 853 -565 -66%)
1" Dorm North 2nd Floor |Dorm Corridor 8 8.80 90.00 10.2  [Fluorescent |Magnetic 5.00 70.40} 720 352 368, 105%
1" Dorm North 2nd Floor |Dorm Bedrooms 16 | 15.60 72.00 4.6 Magnetic 12.00, 249.60] 1152 2995 -1843 -62%)
1™ Dorm (North 2nd Floor |Dorm WC 8 4.50 58.00 12.9  [Fluorescent  |Magnetic 10.00] 36.00 464 360 104] 29%)
1™ Dorm (North 2nd Floor |Floor Corridor 1 129.00 | 2088.00 16.2  [Fluorescent  |Magnetic 5.00, 129.00f 2088 645 1443 224%|
1™ Dorm (North 3rd Floor [Stairwell 1 42.00 288.00 6.9  |Fluorescent  [Magnetic 6.00) 42.00] 288 252 36 14%)
1™ Dorm North 3rd Floor |Dorm Kitchen 8 8.20 36.00 44  |Fluorescent |Magnetic 13.00, 65.60) 288 853 -565 -66%
1™ Dorm North 3rd Floor _[Dorm Corridor 8 8.80 90.00 10.2_ [Fluorescent _|Magnetic 5.00 70.40] 720 352 368 105%)
1” Dorm North 3rd Floor _[Dorm Bedrooms 16 | 15.60 72.00 4.6 |Fluorescent _|Magnetic 12.00, 249.60] 1152 2995 -1843 -62%
1” Dorm North 3rd Floor _|Dorm WC 8 | 450 58.00 129 |Fluorescent [Magnetic 10.00] 36.00) 464 360 104 29%)
1" Dorm North 3rd Floor_[Floor Corridor 1 129.00 | 2088.00 16.2  |Fluorescent _|Magnetic 5.00] 129.00) 2088 645 1443 224%|
1" Dorm North Roof Stairwell 1 36.00 216.00 6.0 |Fluorescent [Magnetic 6.00 36.00) 216 216 1) 0%
1" Dorm North Roof Technical Room 1 11.00 108.00 9.8 |Fluorescent [Magnetic 16.00, 11.00] 108 176 -68| -39%|
1" Dorm North Roof Study 1| 320.00 | 3736.00 11.7 Magnetic 12.00, 320.00f 3736 3840 -104 -3%)|
1 Dorm North Roof wC 1 34.40 360.00 10.5 |F Magnetic 10.00, 34.40] 360 344 16| 5%
1™ Dorm North Roof Terrace 1 300.00 | 960.00 3.2 Incandescent |Magnetic 2.20 300.00f 960 660 300] 45%)
1" Dorm North 3587.20) 28912 32487 -3575 -11%)
1" Dorm Apartments Basement | Kitchen 2 9.80 72.00 7.3 |Fluorescent [Magnetic 13.00, 19.60] 144 255 -111 -43%|
1" Dorm Apartments Basement | Living Room 2 22.00 92.00 42 Magnetic 10.00, 44.00) 184 440 -256] -58%
1™ Dorm Apartments Basement [Bedrooms 2 28.80 224.00 7.8 Fluorescent  |[Magnetic 12.00] 57.60] 448 691 -243 -35%
1™ Dorm Apartments Basement [WC 2 7.60 134.00 17.6 _ |Fluorescent  |Magnetic 10.00] 15.20] 268 152 116] 76%|
1™ Dorm Apartments Basement _[Apartment Corridor 2 13.50 120.00 8.9 d Magnetic 5.00 27.00] 240 135 105 8%
1™ Dorm Apartments Basement _|Floor Corridor 1 21.30 80.00 3.8 Magnetic 5.00 21.30) 80 107 -27| -25%
1™ Dorm Apartments Ground | Kitchen 2 9.80 72.00 7.3 |Fluorescent _|Magnetic 13.00 19.60] 144 255 -111 -43%)
1" Dorm Apartments Ground | Living Room 2 22.00 92.00 42 Fluorescent _[Magnetic 10.00 44.00 184 440 -256, -58%)
1 Dorm Apartments __|Ground _[Bedrooms 2 | 2880 | 224.00 7.8 |Fluorescent _|Magnetic 12.00 57.60] 448 691 -243 -35%
1 Dorm Apartments _ |Ground _|[WC 2 | 760 | 13400 | 17.6 [Florescent [Magnetic 10.00 1520 268 152 116 76%|
1" Dorm Apartments Ground | Apartment Corridor 2 13.50 120.00 8.9  |Fluorescent [Magnetic 5.00 27.00) 240 135 105 78%|
1" Dorm Apartments Ground _|Floor Corridor 1 21.30 80.00 3.8 Magnetic 5.00 21.30] 80 107 -27| -25%)
1% Dorm nts Ground  [Balcony 4 5.40 80.00 14.8 Magnetic 2.20 21.60) 320 48 272 573%|
1™ Dorm Apartments 1st Floor [Kitchen 2 9.80 72.00 73 Fluorescent  |Magnetic 13.00] 19.60 144 255 -111 -43%
1™ Dorm nts Ist Floor _|Living Room 2 22.00 92.00 4.2 F Magnetic 10.00] 44.00] 184 440 -256 -58%|
1™ Dorm Apartments Ist Floor |Bedrooms 2 28.80 224.00 7.8 |Fluorescent [Magnetic 12.00, 57.60] 448 691 -243 -35%
1™ Dorm Apartments 1st Floor |WC 2 7.60 134.00 17.6 [Fluorescent _|Magnetic 10.00] 15.20] 268 152 116 76%)
1™ Dorm Apartments Ist Floor _|Apartment Corridor 2 13.50 120.00 8.9 [Incandescent |Magnetic 5.00 27.00] 240 135 105 8%
1™ Dorm nts Ist Floor |Floor Corridor 1 21.30 80.00 3.8 Magnetic 5.00] 21.30) 80 107 -27 -25%|
1" Dorm nts Ist Floor _|Balcony 4 | 540 80.00 14.8 Magnetic 2.20 21.60 320 48 272 573%)
1" Dorm Apartments 2nd Floor [Kitchen 2 9.80 72.00 7.3 |Fluorescent  [Magnetic 13.00, 19.60] 144 255 -111 -43%|
1" Dorm Apartments 2nd Floor |Living Room 2 22.00 92.00 42 Magnetic 10.00, 44.00) 184 440 -256] -58%
1" Dorm Apartments 2nd Floor |Bedrooms 2 28.80 224.00 7.8 |Fluorescent [Magnetic 12.00, 57.60] 448 691 -243 -35%)
1™ Dorm Apartments 2nd Floor |WC 2 7.60 134.00 17.6_ |Fluorescent  |Magnetic 10.00] 15.20] 268 152 116] 76%|
1™ Dorm nts 2nd Floor |Apartment Corridor 2 13.50 120.00 8.9 Magnetic 5.00, 27.00] 240 135 105 78%|
1™ Dorm nts 2nd Floor |Floor Corridor 1 21.30 80.00 3.8 Magnetic 5.00, 21.30] 80 107 -27 -25%
1™ Dorm Apartments 2nd Floor |Balcony 4 5.40 80.00 14.8 Magnetic 2.20, 21.60] 320 48 272] 573%|
1™ Dorm Apartments 3rd Floor_[Kitchen 2 9.80 72.00 7.3 |Fluorescent _|Magnetic 13.00, 19.60] 144 255 -111 -43%)
1” Dorm Apartments 3rd Floor _[Living Room 2 22.00 92.00 4.2 Fluorescent _[Magnetic 10.00 44.00) 184 440 -256, -58%)
1” Dorm Apartments 3rd Floor_[Bedrooms 2 28.80 224.00 7.8 Fluorescent | Magnetic 12.00 57.60) 448 691 -243 -35%]
1 Dorm Apartments __|3rd Floor |[WC 2 | 760 | 13400 | 17.6 [Florescent [Magnetic 10.00 1520 268 152 116 76%|
1" Dorm Apartments 3rd Floor | Apartment Corridor 2 13.50 120.00 8.9 Magnetic 5.00 27.00) 240 135 105 78%|
1" Dorm Apartments 3rd Floor |Floor Corridor 1 21.30 80.00 3.8 Magnetic 5.00 21.30] 80 107 -27| -25%)
1” Dorm Apartments 3rd Floor |Balcony 4 5.40 80.00 14.8 Magnetic 2.20 21.60) 320 48 272 573%|
1™ Dorm Apartments Roof Kitchen 2 9.80 72.00 73 Fluorescent  |Magnetic 13.00] 19.60) 144 255 -111 -43%)
1™ Dorm nts Roof Living Room 2 22.00 92.00 42 |F Magnetic 10.00 44.00) 184 440 -2506] -58%|
1™ Dorm Apartments Roof Bedrooms 2 28.80 224.00 7.8 Fluorescent  |[Magnetic 12.00] 57.60] 448 691 -243 -35%
1™ Dorm Apartments Roof wC 2 7.60 134.00 17.6 |Fluorescent |Magnetic 10.00] 15.20] 268 152 116 76%)
1™ Dorm Apartments Roof Apartment Corridor 2 13.50 120.00 8.9 [Incandescent |Magnetic 5.00 27.00] 240 135 105 8%
1™ Dorm nts Roof Floor Corridor 1 21.30 80.00 3.8 Magnetic 5.00] 21.30) 80 107 -27 -25%|
1” Dorm nts Roof Balcony 4 5.40 80.00 14.8 [ Magnetic 2.20] 21.60) 320 48 272 573%|
[*'Dom _ [Apartments | [ 101620 o784 10015 | s 104
['Dorm  JaLL [ [ 8o33so] 76586 81552 | -4966] “6%)|
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Building  [Wing/Block| Floor Type/Use Qty| Area Power LPD Type Ballast Type Allowed |Total AregTotal Power|Total Allowed| Difference |[Difference
m? Watt | Watt/m’ Watt/m® | m’ Watt Watt Watt %

Prep School |Block B [Ground |Conference Hall (300 people) 1/448.00 | 3686.00 8.2 [Fluorescent |Magnetic 8.00 | 448.00 3686 3584 102] 3%
Prep School [Block A Ground  |Floor Corridor 1]168.00 | 2160.00 12.9 [Fluorescent |Magnetic 5.00 168.00 2160 840 1320 157%)
Prep School |Block A [Ground [WC 1]34.60 | 624.00 18.0 d Magnetic 10.00 34.60 624 346 278 80%)
Prep School [Block A Ground |WC 1] 34.60 624.00 18.0 [Fluorescent |Magnetic 10.00 34.60 624 346 278| 80%)
Prep School [Block A Ground |Conference Hall 1]110.50 | 1008.00 9.1 |Fluorescent [Magnetic 8.00 110.50 1008 884 124 14%)
Prep School |Block A [Ground |Conference Hall 1]89.50 | 1008.00 11.3  |Fluorescent |[Magnetic 8.00 89.50 1008 716 292 41%)|
Prep School |Block A [Ground _|Floor Corridor 1]342.20 | 4392.00 12.8 |Fluorescent |Magnetic 5.00| 34220 4392 1711 2681 157%|
Prep School [Block A Ground  |Stairs 1] 15.90 144.00 9.1  |Fluorescent [Magnetic 6.00 15.90 144 95 49) 51%)
Prep School |Block A Ist Floor |Lounge/Recreation 1[130.67 [ 1260.00 9.6 [Fluorescent |Magnetic 13.00 130.67 1260 1699 -439] -26%|
Prep School |Block A [1st Floor |Cafeteria 1]144.13 | 1944.00 13.5 |Fluorescent |Magnetic 10.00 | 144.13 1944 1441 503 35%)
Prep School |Block A [1st Floor |Club Room 1]130.68 | 1260.00 9.6 [Fluorescent |Magnetic 10.00 | 130.68 1260 1307 -47 -4%)
Prep School [Block A Ist Floor |WC 1[37.10 624.00 16.8 |Fluorescent |Magnetic 10.00 37.10 624 371 253 68%)
Prep School [Block A 1st Floor |Floor Corridor 1]31.20 576.00 18.5 [Fluorescent |Magnetic 5.00 31.20 576 156 420 269%|
Prep School |Block A [1st Floor [WC 1]3420 | 624.00 18.2 |Fluorescent |Magnetic 10.00 34.20 624 342 282 82%
Prep School |Block A Ist Floor |Club Room 1[130.67 [ 2016.00 15.4 |Fluorescent |[Magnetic 15.00 130.67 2016 1960 56 3%)|
Prep School [Block A 1st Floor |Club Room 1] 65.80 864.00 13.1 [F] Magnetic 15.00 65.80 864 987 -123 -12%|
Prep School |Block A [1st Floor |Club Room 1]65.80 | 1080.00 16.4 |Fluorescent |Magnetic 15.00 65.80 1080 987 93 9%|
Prep School |Block A 1st Floor |Club Room 1]130.68 | 1296.00 9.9 |Fluorescent |Magnetic 15.00 130.68 1296 1960 -664] -34%|
Prep School [Block A 1st Floor |Storage 1]33.00 432.00 13.1 [Fluorescent |Magnetic 3.00 33.00 432 99 333 336%
Prep School |Block A [Ist Floor |Stairs 1]15.90 | 144.00 9.1 [Fluorescent |Magnetic 6.00 15.90 144 95 49 51%|
Prep School |Block A [1st Floor |Floor Corridor 1[78.60 | 576.00 7.3 |Fluorescent |Magnetic 5.00 78.60 576 393 183 47%)
Prep School [Block A 1st Floor |Atrium 1]361.00 | 3924.00 10.9 [Fluorescent |Magnetic 6.00 361.00 3924 2166 1758 81%)
Prep School |Block A |2nd Floor [Open Office 1]130.67 | 1260.00 9.6 [Fluorescent |Magnetic 12.00 [ 130.67 1260 1568 -308, -20%)
Prep School |Block A [2nd Floor |Cafeteria 1]144.13 | 1944.00 13.5 |Fluorescent |Magnetic 10.00| 144.13 1944 1441 503 35%)
Prep School |Block A [2nd Floor |Lab 1]130.68 | 1260.00 9.6 [Fluorescent |Magnetic 15.00 | 130.68 1260 1960 -700 -36%)
Prep School |Block A [2nd Floor |[WC 1[37.10 624.00 16.8 |Fluorescent [Magnetic 10.00 37.10 624 371 253 68%)
Prep School [Block A |2nd Floor |Floor Corridor 1[31.20 | 576.00 18.5 |Fluorescent |Magnetic 5.00 31.20 576 156 420 269%)
Prep School |Block A [2nd Floor [WC 1]3420 | 624.00 18.2 |Fluorescent |Magnetic 10.00 34.20 624 342 282 82%
Prep School |Block A [2nd Floor |Lab 1[130.67 [ 2016.00 15.4 |Fluorescent |[Magnetic 15.00 130.67 2016 1960 56) 3%)|
Prep School [Block A |2nd Floor |Lab 1]65.80 | 864.00 13.1 |Fl Magnetic 15.00 65.80 864 987 -123 -12%)
Prep School |Block A [2nd Floor |Lab 1]65.80 | 1080.00 16.4 |Fluorescent |Magnetic 15.00 65.80 1080 987 93 9%|
Prep School [Block A |2nd Floor |Lab 1]130.68 | 1296.00 9.9 [Fluorescent _|Magnetic 15.00| 130.68 1296 1960 -664 -34%)
Prep School |Block A 2nd Floor |Storage 1]33.00 432.00 13.1 [Fluorescent |Magnetic 3.00 33.00 432 99 333 336%
Prep School |Block A [2nd Floor |Stairs 1]15.90 | 144.00 9.1 [Fluorescent |Magnetic 6.00 15.90 144 95 49 51%|
Prep School [Block A |2nd Floor |Floor Corridor 1[78.60 | 576.00 7.3 |Fluorescent |Magnetic 5.00 78.60 576 393 183 47%)
Prep School |Block A 2nd Floor |Atrium 11361.00 | 3924.00 10.9 [Fluorescent |Magnetic 6.00 361.00 3924 2166 1758 81%)
Prep School |Block A |3rd Floor [Open Office 1]130.67 | 1260.00 9.6 [Fluorescent |Magnetic 12.00 [ 130.67 1260 1568 -308, -20%)
Prep School [Block A |3rd Floor |Cafeteria 1]144.13 | 1944.00 13.5 |Fluorescent |Magnetic 10.00| 144.13 1944 1441 503 35%)
Prep School |Block A 3rd Floor |Lab 1]130.68 | 1260.00 9.6  |Fluorescent [Magnetic 15.00 130.68 1260 1960 -700 -36%|
Prep School [Block A [3rd Floor |[WC 1[37.10 [ 624.00 16.8 |Fluorescent |Magnetic 10.00 37.10 624 371 253 68%)
Prep School [Block A |3rd Floor |Floor Corridor 1[31.20 | 576.00 18.5 |Fluorescent |Magnetic 5.00 31.20 576 156 420 269%)
Prep School |Block A [3rd Floor [WC 1]3420 | 624.00 18.2 |Fluorescent |Magnetic 10.00 34.20 624 342 282 82%
Prep School |Block A [3rd Floor |Lab 1[130.67 [ 2016.00 15.4 |Fluorescent |[Magnetic 15.00 130.67 2016 1960 56 3%)|
Prep School |Block A 3rd Floor |Lab 1] 65.80 864.00 13.1 [Fluorescent |Magnetic 15.00 65.80 864 987 -123 -12%|
Prep School |Block A [3rd Floor |Lab 1]65.80 | 1080.00 16.4 |Fluorescent |Magnetic 15.00 65.80 1080 987 93 9%|
Prep School |Block A [3rd Floor |Lab 1[130.68 [ 1296.00 9.9  [Fluorescent |Magnetic 15.00 130.68 1296 1960 -664] -34%|
Prep School |Block A 3rd Floor |Storage 1| 33.00 432.00 13.1 [Fluorescent |Magnetic 3.00 33.00 432 99 333 336%
Prep School |Block A [3rd Floor |Stairs 1]15.90 | 144.00 9.1 [Fluorescent |Magnetic 6.00 15.90 144 95 49 51%)
Prep School [Block A |3rd Floor |Floor Corridor 1[78.60 | 576.00 7.3 |Fluorescent |Magnetic 5.00 78.60 576 393 183 47%)
Prep School |Block A 3rd Floor |Atrium 1]361.00 | 3924.00 10.9 [Fluorescent |Magnetic 6.00 361.00 3924 2166 1758 81%)
[Prep School [Block A | 5411.59] 63506 51458 12048 23%
Prep School [Block B |Ground | Dining Hall 1]304.40 | 7416.00 | 244 [Fluorescent [Magnetic 10.00 | 304.40 7416 3044 4372 144%|
Prep School |Block B [Ground [Snackbar 1]26.70 | 432.00 16.2  |Fluorescent |Magnetic 10.00 26.70 432 267 165 62%)
Prep School |Block B Ground _ |Kitchen 1[24.10 [ 432.00 17.9 |Fluorescent |Magnetic 13.00 24.10 432 313 119 38%
Prep School |Block B Ground |Storage 1] 10.80 216.00 20.0  |Fluorescent |Magnetic 9.00 10.80 216 97 119 122%)
Prep School |Block B [Ground |Corridor 1]122.14 | 1440.00 11.8 |Fluorescent |Magnetic 5.00| 122.14 1440 611 829 136%|
Prep School |Block B [Ground [WC 1]5570 | 920.00 16.5 d 10.00 55.70 920 557 363 65%)
Prep School [Block B Ground |Office 1]29.50 432.00 14.6  [Fluorescent |Magnetic 12.00 29.50 432 354 78| 22%|
Prep School |Block B [Ground [Classrooms 1]210.70 | 3024.00 14.4 |Fluorescent |Magnetic 15.00| 210.70 3024 3161 -137 -4%)
Prep School |Block B [Ground _[Classroom 1]66.81 | 1728.00 | 25.9 [Fluorescent [Magnetic 15.00 66.81 1728 1002 726 72%|
Prep School [Block B 1st Floor |Classrooms 11607.80 | 14544.00 | 23.9 |Fluorescent [Magnetic 15.00 607.80 14544 9117 5427 60%|
Prep School |Block B [lIst Floor |Corridor 1]268.94 | 3960.00 14.7 |Fluorescent |Magnetic 5.00 | 268.94 3960 1345 2615 194%
Prep School |Block B [1st Floor [WC 1[32.40 | 320.00 9.9 10.00 32.40 320 324 -4 -1%)
Prep School [Block B 1st Floor |Storage Rooms 1]73.30 | 1296.00 17.7 [Fluorescent |Magnetic 9.00 73.30 1296 660 636 96%|
Prep School |Block B 1st Floor |Corridor 1[122.14 [ 1440.00 11.8  [Fluorescent |Magnetic 5.00 122.14 1440 611 829 136%|
Prep School [Block B 2nd Floor |Computer Lab 1]41.10 576.00 14.0 _[Fluorescent |Magnetic 12.00 41.10 576 493 83 17%)|
Prep School |Block B [2nd Floor | Empty Rooms 1]222.80 | 2880.00 12.9 |Fluorescent |Magnetic 15.00| 222.80 2880 3342 -462 -14%)
Prep School |Block B 2nd Floor |Storage Rooms 1[76.90 936.00 12.2  |Fluorescent [Magnetic 9.00 76.90 936 692 244 35%|
Prep School [Block B 2nd Floor [Offices 1]146.70 | 2016.00 13.7 [Fluorescent |Magnetic 12.00 146.70 2016 1760 256 15%)|
Prep School |Block B [2nd Floor [Meeting Room 1]23.50 | 360.00 15.3 |Fluorescent |Magnetic 14.00 23.50 360 329 31 9%|
Prep School |Block B [2nd Floor |Video Room 13446 | 216.00 6.3 [Fluorescent |Magnetic 12.00 34.46 216 414 -198, -48%)
Prep School [Block B 2nd Floor | Workshop 1]41.10 576.00 14.0 [F] Magnetic 20.00 41.10 576 822 -246 -30%|
Prep School |Block B [2nd Floor |Kitchen 1]12.50 | 144.00 11.5 |Fluorescent |Magnetic 13.00 12.50 144 163 -19 -11%)
Prep School |Block B 2nd Floor |[WC 1[4221 1012.00 24.0 |Fluorescent |Magnetic 10.00 42] 1012 422 590 140%|
Prep School [Block B 2nd Floor |Corridor 11313.74 | 4680.00 14.9  [Fluorescent |Magnetic 5.00 314 4680 1569 3111 198%)
Prep School |Block B [2nd Floor |Offices 1]146.70 | 2016.00 13.7 |Fluorescent |Magnetic 12.00 147| 2016 1760 256 15%)
[Prep School [Block B | [ 3057] 53012 | 33228 | 19784] 60%|
[Prep School JALL [ [ 8a6o] 116518 | 84686 31832 38%]
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Table H.1. Lighting power and densities benchmark tables (cont.).

Building [ Wing/Block | Floor Type/Use Qty| Area | Power LPD Type Ballast Type Allowed | Total Area [ Total Power | Total Allowed | Difference | Difference
m Watt | Watt/m? Watt/m* m’ Wiatt Watt Wiatt %

Hotel Block C Ground  [Office 1] 16.00 | 288.00 18.0 |Fluorescent [Magnetic 12.00 16.00 288 192 96, 50%]
Hotel Block C Ground _ [Office 1{16.00 [ 216.00 13.5 |Fluorescent [Magnetic 12.00 16.00 216 192 24 13%)
Hotel Block C Ground _ [Technical Room 1{16.00 [ 288.00 18.0 |Fluorescent [Magnetic 16.00 16.00 288 256 32] 13%)
Hotel Block C Ground [WC 1]44.60 [ 972.00 21.8 d M i 10.00 44.60 972 446 526 118%)
Hotel Block C Ground _ |Lockers 1[11.40 | 178.00 15.6 _|Incandescent |Magnetic 6.00 11.40 178 68 110 160%)|
Hotel Block C Ground  [Storage 1]30.30 | 180.00 5.9 [Fluorescent [Magnetic 9.00 30.30 180 273 -93 -34%|
Hotel Block C Ground  [Kitchen 1] 35.00 | 936.00 26.7 |Fluorescent |Magnetic 13.00 35.00 936 455 481 106%]
Hotel Block C Ground |Storage 1]22.00 | 360.00 16.4 |Incandescent |Magnetic 9.00 22.00 360 198 162 82%)
Hotel Block C Ground _ [Atrium 11435.00 [ 7080.00 | 16.3 d M i 6.00 435.00 7080 2610 4470 171%)
Hotel Block C 1st Floor |Motel Room 22]11.20 | 120.00 10.7 _|Fluorescent _|Magnetic 12.00 246.40 2640 2957 -317, -11%)
Hotel Block C 1st Floor [WC 22| 5.00 58.00 11.6 |l d M i 10.00 110.00 1276 1100 176] 16%)
Hotel Block C 1st Floor |Storage 2] 6.90 72.00 10.4 |Fluorescent [Magnetic 3.00 13.80 144 41 103 248%)
Hotel Block C Ist Floor [Atrium 1]179.00 [ 480.00 2.7 |Incand Magneti 6.00 179.00 480 1074 -594 -55%
Hotel Block C Ist Floor |Balcony 22| 3.30 40.00 12.1 d M i 72.60 880 0 880 #DIV/0!

Hotel Block C 2nd Floor |Motel Room 22) 11.20 | 120.00 10.7 |Fluorescent |Magnetic 12.00 246.40 2640 2957 -317] -11%)
Hotel Block C 2nd Floor |WC 22| 5.00 58.00 11.6 |Incandescent |Magnetic 10.00 110.00 1276 1100 176 16%)
Hotel Block C 2nd Floor [Storage 2] 690 72.00 10.4 |Fluorescent [Magnetic 3.00 13.80 144 41 103 248%)
Hotel Block C 2nd Floor |Atrium 1]179.00 [ 480.00 2.7 |Incand Magneti 6.00 179.00 480 1074 -594 -55%
Hotel Block C 2nd Floor |Balcony 22| 3.30 40.00 12.1 d M i 72.60 880 0 880| #DIV/0!

[Hotel [BlockC | | 1869.90] 21338 | 15035 | 6304] 42%)|
2nd Dorm Basement | Technical Room 1]261.00 [ 864.00 3.3 |Fluorescent [Magnetic 16.00 261.00 864 4176 -3312] -79%
2nd Dorm Basement |Floor Corridor 1| 16.70 72.00 4.3 [Fluorescent [Magnetic 5.00 16.70 72 84 -12] -14%|
2nd Dorm Basement |Stairwell 2]36.00 | 232.00 6.4 |Fluorescent [Magnetic 6.00 72.00 464 432 32| 7%
2nd Dorm Basement |Kitchen 1[26.00 | 72.00 2.8 |Fluorescent |Magnetic 13.00 26.00 72 338 -266 -79%|
2nd Dorm Basement |Gym 1]380.00 | 1080.00 2.8 [Fluorescent [Magnetic 10.00 380.00 1080 3800 -2720, =72%|
2nd Dorm Ground  [Dorm Bedroom 1{25.00 [ 144.00 5.8 [Fluorescent [Magnetic 12.00 25.00 144 300 -156 -52%|
2nd Dorm Ground  [Dorm Bedroom 2] 19.00 | 144.00 7.6 |Fluorescent [Magnetic 12.00 38.00 288 456 -168 -37%|
2nd Dorm Ground  [Locker 1{29.50 [ 676.00 22.9 |Fluorescent [Magnetic 6.00 29.50 676 177 499 282%)
2nd Dorm Ground _|Floor Corridor 1] 33.80 | 360.00 10.7 |Fl M: i 5.00 33.80 360 169 191 113%]
2nd Dorm Ground  [Lobby/Reception 1] 66.90 | 1008.00 15.1 |Fluorescent [Magnetic 14.00 66.90 1008 937 71 8%
2nd Dorm Ground  [Dorm Bedrooms 1[118.50 [ 1008.00 8.5 |Fluorescent |Magnetic 12.00 118.50 1008 1422 -414 -29%|
2nd Dorm Ground _ [Floor Corridor 1[44.40 [ 720.00 16.2  |Fluorescent [Magnetic 5.00 44.40 720 222 498 224%)
2nd Dorm Ground  [Library 1[138.20 [ 2880.00 20.8 |Fluorescent [Magnetic 12.00 138.20 2880 1658 1222 T4%]
2nd Dorm Ground  |WC 1] 28.80 | 450.00 15.6 |Incandescent |Magnetic 10.00 28.80 450 288 162] 56%]
2nd Dorm Ground  [Computer Lab 1]102.10 | 432.00 4.2 [Fluorescent [Magnetic 12.00 102.10 432 1225 -793 -65%|
2nd Dorm 1st Floor |Dorm Bedrooms 1]395.40 | 6912.00 17.5 |Fluorescent [Magnetic 12.00 395.40 6912 4745 2167 46%)|
2nd Dorm Ist Floor |WC 1]23.60 [ 450.00 19.1 |Fluorescent |Magnetic 10.00 23.60 450 236 214 91%
2nd Dorm Ist Floor _|Locker 1]25.00 [ 240.00 9.6 d M i 6.00 25.00 240 150 90 60%
2nd Dorm 1st Floor |Dorm Bedroom 1]25.90 [ 144.00 5.6 |Fluorescent |Magnetic 12.00 25.90 144 311 -167 -54%)
2nd Dorm 1st Floor [Kitchen 1] 25.00 | 144.00 5.8 [Fluorescent [Magnetic 13.00 25.00 144 325 -181 -56%|
2nd Dorm 1st Floor |Floor Corridor 1)214.40 | 2736.00 12.8 |Fluorescent [Magnetic 5.00 214.40 2736 1072 1664] 155%|
2nd Dorm 2nd Floor [Dorm Bedrooms 1[395.40 [ 6912.00 17.5 |Fluorescent [Magnetic 12.00 395.40 6912 4745 2167 46%)|
2nd Dorm 2nd Floor [WC 1{23.60 [ 450.00 19.1 |Fluorescent [Magnetic 10.00 23.60 450 236 214 91%)
2nd Dorm 2nd Floor |Locker 1[25.00 | 240.00 9.6 |Incandescent |Magnetic 6.00 25.00 240 150 90 60%)|
2nd Dorm 2nd Floor |Dorm Bedroom 1]25.90 [ 144.00 5.6 |Fluorescent [Magnetic 12.00 25.90 144 311 -167| -54%)
2nd Dorm 2nd Floor [Kitchen 1] 25.00 | 144.00 5.8 [Fluorescent [Magnetic 13.00 25.00 144 325 -181 -56%|
2nd Dorm 2nd Floor |Floor Corridor 1]214.40 [ 2736.00 | 12.8 |Fluorescent |Magnetic 5.00 214.40 2736 1072 1664 155%
2nd Dorm 3rd Floor [Dorm Bedrooms 1[395.40 [ 6912.00 17.5 |Fluorescent [Magnetic 12.00 395.40 6912 4745 2167 46%|
2nd Dorm 3rd Floor |WC 1] 23.60 | 450.00 19.1 |Fluorescent |Magnetic 10.00 23.60 450 236 214 91%)
2nd Dorm 3rd Floor |Locker 1[25.00 | 240.00 9.6 |Incandescent |Magnetic 6.00 25.00 240 150 90 60%)
2nd Dorm 3rd Floor [Dorm Bedroom 1] 2590 | 144.00 5.6 |Fluorescent [Magnetic 12.00 25.90 144 311 -167 -54%|
2nd Dorm 3rd Floor [Kitchen 1]25.00 [ 144.00 5.8 |Fluorescent [Magnetic 13.00 25.00 144 325 -181 -56%
2nd Dorm 3rd Floor [Floor Corridor 1[214.40 [ 1152.00 5.4  [Fluorescent [Magnetic 5.00 214.40 1152 1072 80 7%
2nd Dorm 4th Floor [Dorm Bedrooms 1[395.40 [10368.00{ 26.2 |Fluorescent |Magnetic 12.00 395.40 10368 4745 5623 119%|
2nd Dorm 4th Floor |WC 1] 23.60 | 450.00 19.1 |Fluorescent |Magnetic 10.00 23.60 450 236 214 91%)
2nd Dorm 4th Floor [Locker 1] 25.00 | 480.00 19.2 | d M: i 6.00 25.00 480 150 330 220%)
2nd Dorm 4th Floor [Dorm Bedroom 112590 [ 144.00 5.6 |Fluorescent [Magnetic 12.00 25.90 144 311 -167 -54%
2nd Dorm 4th Floor [Kitchen 1{25.00 [ 144.00 5.8 [Fluorescent [Magnetic 13.00 25.00 144 325 -181 -56%|
2nd Dorm 4th Floor [Floor Corridor 1[214.40 [ 1152.00 5.4  [Fluorescent [Magnetic 5.00 214.40 1152 1072 80 7%

[2nd Dorm| [ [ 421810] 53550 [ 43038 | 10512] 24%]
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