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ABSTRACT

BIOCLIMATIC INTERVENTIONS FOR REDUCING COOLING ENERGY
DEMAND IN HOT AND HUMID CLIMATES

Donmez, Burak
Master of Science, Building Science in Architecture
Supervisor: Prof. Dr. Soofia Tahira Elias-Ozkan

September 2019, 142 pages

While development of industry and science has been tremendous, population has also
increased dramatically in the last centuries. As a consequence, unchecked
consumption of energy mainly based on fossil fuels is the main culprit for triggering
climate change worldwide. Meanwhile, an impressive amount of energy is being used
for just cooling or heating the existing building stock. The need for energy can be
reduced by adopting traditional bioclimatic measures that can be tested for their
appropriateness through building performance simulations. To this end, collection and
evaluation of empirical data through parametric design simulations can enable
predictions about the adaptability and appropriateness of different bioclimatic
interventions/features in different buildings in different climates. For instance,
predictions about the impact of all or a combination of some interventions on energy
performance of buildings may be helpful for optimizing the retrofit design. This
approach was adopted to provide a design process where the parametric variations in
the building design are made according to the building performance simulation
outputs. The aim of this research was to determine, test, select and implement the most
effective passive cooling strategies in retrofitting a local government building located
in the hot and humid climate of Alanya, in Turkey. To realize this purpose, the

municipality building was visited and observations were made regarding the current



physical and thermal conditions and the cooling equipment used. The architectural
drawings and relevant information were obtained in order to model the building and
simulate it for its energy use, with the DesignBuilder software. Appropriate
bioclimatic interventions were then integrated one by one and simulated for their
impacts; and finally, the most efficient ones were integrated together to test their
combined effect in reducing the cooling energy used. It was determined that by using
bioclimatic measure to reduce the cooling energy demand, it was possible to achieve

70.23% savings in energy required to cool the building.

Keywords: Bioclimatic Interventions, Passive Cooling in Hot and Humid Climate,
Energy Simulation, Sustainable Design, Alanya
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SICAK VE NEMLI iKLIMLERDE SOGUTMA ENERJiSi
GEREKSINIMLERINI AZALTMAK iCiN YAPILAN BiYOIKLIMSEL
MUDAHALELER

Donmez, Burak
Yiiksek Lisans, Yap1 Bilimleri
Tez Danismant: Prof. Dr. Soofia Tahira Elias-Ozkan

Eyliil 2019, 142 sayfa

Sanayi ve bilimdeki gelismelerle birlikte , son yiizyilda niifus da c¢arpict bir sekilde
artmistir. Bunun sonucu olarak, fosil yakitlara dayanan kontrolsiiz enerji tiiketimi,
diinyadaki iklim degisikliginin temelini olusturmaktadir. Ayni1 zamanda, mevcut
yapilarin 1sitilmasi ve sogutulmasi i¢in harcanan enerji de ciddi miktarlara ulagsmistir.
Yapilarda ihtiya¢ duyulan enerji miktari, biyoiklimsel o©nlemler alinarak ve bina
performans simiilasyonlari ile uygunluklar test edilerek azaltilabilir. Bu yontemler
kullanilarak, ampirik verilerin parametrik tasarim simiilasyonlari ile toplanmasi ve
degerlendirilmesi sonucunda farkli iklimlerde farkli binalardaki farkli biyoiklimsel
miidahalelerin/ 6zelliklerin uygulanabilirligi hakkinda 6ngériiler elde edilebilir. Ornek
olarak, binalarin enerji performansina etki edecek miidahalelerin farkl
kombinasyonlariyla elde edilen tahminler, binalarin iyilestirme ¢aligsmalarini optimize
etmede yardimeci olabilir. Bu yaklagim, bina tasarimindaki parametrik degisikliklerin
bina performans simiilasyon ¢iktilarina gore yapildigi bir tasarim siireci saglamak i¢in
hayata gecirilmistir. Bu ¢alismanin amaci, sicak ve nemli iklimde bulunan Alanya
belediye binasinin, enerji performansinin iyilestirmesinde kullanilacak en etkili pasif
sogutma stratejilerini belirlemek, test etmek, kararlastirmak ve uygulamaktir. Bu

amaci gerceklestirmek adina, belediye binasina gidilip, yapinin mevcut fiziki ve 1s1l
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durumuyla ve yapida kullanilan sogutma ekipmanlartyla ilgili gdzlemler yapilmistir.
DesignBuilder yazilimi ile binay1 modellemek ve enerji performansini simiile etmek
amaciyla, yapiyla ilgili bilgiler ve mimari ¢izimler toplanmustir. Oncelikle, uygun
biyoiklimsel miidahaleler ayr1 ayr1 yapiya entegre edilip, etkilerini gdzlemlemek icin
simiile edilmistir; ve son olarak da, en verimli sonucu veren miidahaleler, yapida
kullanilan sogutma enerjisini azaltmadaki etiklerini test etmek i¢in bir araya
getirilmislerdir. Sogutma enerjisi talebini azaltmak i¢in kullanilan biyoiklimsel
miidahalelerin, binanin sogutulmasi i¢in gereken enerjide %70,23 tasarruf sagladiklari

tespit edilmistir.

Anahtar Kelimeler: Biyoiklimsel Miidahaleler, Sicak ve Nemli Iklimlerdeki Pasif

Sogutma Stratejileri, Enerji Simiilasyonu, Siirdiiriilebilir Tasarim, Alanya
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CHAPTER 1

INTRODUCTION

This study examines the decrease in cooling energy demands of buildings in hot and
humid climates by applying bioclimatic interventions. In this chapter, the argument
for and the objectives of the study, and its procedure are explained. The chapter is
concluded with the disposition of contents in this thesis.

1.1. Argument

Mankind had a sustainable lifestyle by using local resources and agriculture until the
industrial revolution. After the industrial revolution, fossil fuels have been used for
almost every industrial production (Bovill, 2015). With the rapid growth of industry
and technology, population has also increased dramatically in the last centuries. For
instance, population bounced from 1 billion to 7 billion between the years 1800 and
2010. Since production per person has been increasing, resources in the ecosystem of
the earth will not be sufficient. The use of fossil fuels as energy for production has, in
turn, increased the carbon dioxide levels in the atmosphere greatly, which has resulted

in a situation that has a high potential to speed up climate change.

Sustainable projects, carried out considering bioclimatic interventions have become
important in recent years. According to Greenspace (2011), which is a non-profit
organization, designing and constructing sustainable building gives the tools to create
high-performing, healthy homes and communities. Sustainable design considerations
should be involved in every stage of the design and construction process and create
opportunities for each member of the development team to come up with a better
building. Working through a collaborative process with the whole team is essential to
making the most appropriate decisions. For new construction, the building orientation

to take advantage of sun and wind, efficient space planning, appropriate systems



selection and sizing, and tight building envelopes are the best practices of sustainable
design. By applying these design principles, initial and long-term operating costs can
be lowered, even in existing buildings. For instance, it is possible to optimize whole
building performance by coordinating window replacement with an upgrade to a high-
efficiency, correctly-sized mechanical system, energy efficient appliances and HVAC
systems, water saving devices and landscaping, and use of nontoxic materials to
improve the quality of life for the occupants. Moreover, by eliminating waste through
recycling, purchasing materials from local sources, and minimizing storm water
runoff, the buildings become sustainable and adapt to surrounding environment and
the planet (Greenspace, 2011). This approach is the basis of bioclimatic architecture.

According to Erkinay and Erten (2010), with the increase in population and
industrialization in Turkey, energy use and environmental pollution has been
increased and has reached dangerous dimensions. The energy use for heating per unit
in Turkey is 50% more than Germany, 60% more than USA, and 73% more than
Sweden. These figures demonstrate the necessity to construct buildings more
consciously. While the rate of increase in the energy consumption per capita is
considered to be a positive indicator for development, the increase of energy use
shows that energy consumed should be reduced not only for economy but also for a
healthy life. Reducing the energy usage intensity in the short and medium term can

only be achieved by adopting energy efficient bioclimatic design principles.

On the other hand, there are some obstacles and reasons why bioclimatic buildings are
not widespread and are not usually built instead of current conventional buildings. In
order to promote bioclimatic architecture, informing and persuading both clients and
contractors in the pre-design stage can help overcome some of these problems. In
order to make them realize the need for bioclimatic design, empirical data and
predictions about different features of buildings are very important. For instance,
predictions about performance of buildings such as indoor thermal comfort, energy
usage for cooling and heating, etc. may be helpful for optimizing design. Moreover,

being aware of buildings costs while planning for the building use period, and also



comparing the running costs for conventional buildings versus bioclimatic buildings
may help to understand and select the one which is more economical and also more

comfortable for the occupants.

On the other hand, Brophy and Lewis (2011) point out that although occupants prefer
designs which are environmentally friendly and cost efficient for building
maintenance, contractors or investors prefer to lower the cost for investments as much
as possible. Hence, it is very difficult to convince the client to agree to the integration
of sustainable and bioclimatic architecture principles. For instance, project owners
who are also occupants gain better awareness of eco-friendly designs and their outputs
and benefits in the long term. Besides that, some contractors want to get their
investment back immediately. This situation directly affects the initial budget of the
project. Therefore, architects have to face and overcome not only the design and
construction issues but also relations between the consultants and clients who may be

builders and/or owners.

Ken Yeang (2010) states that one of the most important issues of today’s architecture
is designing sustainable future. Ecological strategies, production systems, materials
and processes facilitate and organize the spread and implementation of sustainability.
These strategies should be implemented not only for the rating systems such as LEED
and BREAM, but also for application of sustainable thinking and for spreading to the

wider public.

The main issues while designing sustainable buildings are informing and persuading
both clients and contractors in the pre-design stage. In order to realize that, numerical
data and predictions about different features of buildings are very important. For
instance, being aware of building costs during building utilization period and
comparing the costs between conventional building and bioclimatic building may help
to understand and choose which one is better and more comfortable.

The architect has a key role in putting sustainable design into practice. That is, the

architect can function as a bridge between the design and its application. Besides that,



showing that the cost will be reduced in time and informing and convincing clients
and design team about environmental aspects which are the important and necessary
for a sustainable design may also aid the architect for applying the environmentally-
conscious design. In the pre-design stage, climate and location features are the key
factors for the relation between the design and context; while, building size and usage
are other factors for design. Climate is one the basic parameters that shape the building
and structure. In the historical process, social, economic and political influences have
always been variable and have affected the aesthetic perception of the buildings.
However, as can be seen from human experiences and production in this historical
process, climatic adaptation has been the basic architectural principle. Therefore,
bioclimatic influences should be a guideline when creating the form of the structure,
not the dogmas that shape the design. In other words, these all affect the energy
performance and requirement of buildings (Yeang. 1994). That is, energy usage for
cooling and heating is directly related to orientation, daylight penetration, ventilation,
material selection and insulation of building. Thus, although the design process is
related to different aspects, architect should manage and take into account all of these
in the early design stage and also inform the client or investor about outputs of the
sustainable design (Brophy & Lewis, 2011).

1.2. Aim and Objectives

The aim of the research is renovating existing buildings in hot-humid climate to reduce
energy consumption for cooling by employing bioclimatic design principles, such as
controlling the sunlight by using shading devices, choosing appropriate material for
finishing and insulation, using natural ventilation and passive cooling systems, and
finally, checking these interventions with an energy simulation software. The
objective is to adopt a design process where the variations in the building design are
made according to the building performance simulation outputs; such that, these
decisions and simulation results can guide architects, clients and contractors in

realizing buildings designed regarding to bioclimatic principles.



To investigate these objectives, the research questions needing answers are listed

below:

e Which bioclimatic interventions can be used for reducing energy demand by
improving thermal comfort in existing buildings?

e How can an existing building be renovated by considering these bioclimatic
interventions?

e What are the traditional passive design methods for hot and humid climate?

e How can natural ventilation and passive cooling be provided in hot and humid
climate?

e How can natural ventilation and passive cooling strategies be integrated easily and
effectively in existing buildings?

e Which bioclimatic interventions can be used for reducing energy demand by

improving thermal comfort in existing buildings?
1.3. Procedure

In this thesis, passive cooling principles used for bioclimatic architecture in hot and
humid climate are examined. To demonstrate how these principles can be effective in
improving thermal comfort and thus reducing cooling energy loads, the municipality
building in Alanya was selected as a case study. Accordingly, bioclimatic
interventions in renovating the building were applied, evaluated and tested virtually

by using an energy simulation software.

Firstly, the microclimate of the existing municipality building was studied. After that,
the deficiencies of the building in terms of climatic behavior were determined. The
architectural drawings of the building were obtained, and the building was modelled
by using Design Builder software. The building was renovated by applying
bioclimatic interventions to the virtual model, i.e., improving the building envelope

and promoting natural ventilation.



Finally, after the simulation of existing and renovated situations, the effects of the

different interventions on the energy consumption were tested and compared.
1.4. Disposition
This study consists of five chapters.

Firstly, the study is introduced by argument, and then, aim and objectives, procedure,

and disposition of the study are given in introduction chapter.

In the second chapter, literature review of sustainable architectural design, bioclimatic
interventions, and assessing the renovation of existing building by using energy
simulation software are presented. In addition to that, at the end of this chapter, the

critical analysis of literature is given.

Materials and methods of the study are described in the third chapter. The building
selected as case study, the software which are used for the study, and the bioclimatic
interventions which are applied for reducing the energy demand of the building are

explained in this chapter.

The results of the simulations and evaluation of the results are examined in fourth

chapter.

Lastly, the fifth chapter presents the conclusion of the study.



CHAPTER 2

LITERATURE REVIEW

In this chapter, a survey of literature regarding the subject of the study is presented.
Literature review is composed of three sections, and it contains relevant information
about sustainable architectural design, bioclimatic interventions, and virtual
renovation of existing building by using energy simulation software. In the first
section, principles of sustainable architecture, the relation between design stages and
integration of sustainability are investigated in detail. Moreover, description of
bioclimatic architecture, passive cooling in hot and humid climate, and natural
ventilation are researched in the second section. In the third section, integration of
bioclimatic interventions and energy simulation software, and comparisons of existing
and renovated building in terms of energy usage are studied. Moreover, a critical

review of literature is given at the end of this chapter.
2.1. Sustainable Design

Sustainability has been defined as the need to protect current natural resources in order
to continue earth’s resources for future generations. (Costanza & Patten, 1995). This
concept has gained much importance after the impact of climate change has started to
be felt worldwide. Consequently, there is need to further decrease energy consumption
or change the type of energy sources due to the risks of global warming and depletion
of fossil fuels (Xu H. , 2016).

Energy consumption has increased extremely because of economic growth and
developments in urbanization. One of the biggest factors for this situation is building
sector (Ran & Tang, 2018). Building sector which is one of the largest economic
sectors worldwide has significant impact for greenhouse gas emission (Mohammadi,

Saghafi, Tahbaz, & Nasrollahi, 2018). It is determined that building sector accounts



for 35% of total energy demand. Ran & Tang (2018) point that this situation causes
energy problems and also unusual weather conditions because of climate change
(Frank, 2005). In addition to that, while economic and social conscious are increasing,

people’s demand for thermal comfort has also been increased.

Because of rapid population growth, urbanization and most importantly energy
consuming buildings are highly increased in the developed and developing cities
(Mohammadi et al, 2018). For these reasons, sustainable approaches and compatible
decisions with regard to environmental factors have become critical issues especially
for design of building. Mohammadi et al point that there is necessity that a new
sustainable path which is based on using renewable energy and considering energy
efficiency should be followed to decrease the risks of climate change and dependency
to fossil fuels.

To ensure sustainability through architectural design, it is necessary to work with basic
principles of ecology and essentials of cultural (Rego, Uson , & Furnado, 2015).
Architecture is a practice that combines technology and art, but sustainable
architecture has additional disciplines like ecology, sociology and philosophy that

must be considered at the design stage (Rego et al, 2015).

The sustainability issue in design is extensive and sensitive topic, with new
innovations generating new unanswered questions and experiments. The principles of
sustainable design were not employed in conventional practices until progress was
made in knowledge and technology. Thus, there are some steps and criteria for making
any building sustainable (Shelton, 2007). With the balance between human beings,
architecture and climate, low carbon architecture can be designed. Recently, low
carbon architecture has become one of the key factors of sustainable architecture (Li
W., 2011). Because of that, Li (2011) emphasizes that sustainable architecture can be
associated with human ecology which is related to economy, society and environment,
respectively. In other words, sustainable design is created as a whole by integrating

these three major aspects.



Li (2011) points that sustainability includes four parts which are low carbon economy,
society, natural environment and architecture (Figure 2.1). The components of these

parts are detailed below:

e Natural Environment: Orientation, climate, light, natural ventilation, energy,
water.

e Low Carbon Economy: Added value, flexibility, commercial reality, longevity.

e Society: Culture, social benefits, people, health and well-being.

e Architecture: Form and function, identity, structure, materials, innovation.

Natural
Environment

Economy Society

Figure 2.1. Three rings diagram to illustrate connection between the parts of sustainability by Li
(2011)

Moreover, it is very critical to reduce energy consumption in long term for achieving
a sustainable design (Masood, Abd Al-Hady, & Ali, 2017). Masood et al specify some

points why so important that reducing energy consumption below.

e Energy is very critical for economic and security reasons for nations and people.



e Every person is responsible for reducing energy usage because it affects the whole,
like the inductive method.

e By reducing energy usage, climate change can be slowed.

Furthermore, while designing building, the natural factors related to climatic
conditions over the site should be considered because these factors directly affect the
human comfort and building design. Givoni (1976) described these climatic elements

as solar radiation, air temperature, humidity, wind, and precipitation.

In addition to that, sustainability is a significant issue which should be taken into
consideration at the design stage in terms of environmental, economic and social
issues; as they improve architectural quality and provide economic advantages
(Braganga, Vieira, & Andrade, 2014). There are many definitions of what makes a
building sustainable in terms of social, economic and environmental issues. For
instance, social issue is about enhancing the quality of life for people. For economic
issue, improving wealth and decreasing the cost of maintaining. Moreover,
environmental issue is about reducing the effect of buildings on the natural
environment (Grierson & Moultrie, 2011). Braganga et al. (2014) claim that there are
three indicators which have a major influence on sustainability and can be evaluated

in conceptual design stage as environmental impacts, energy, and life cycle costs.

2.1.1. Principles of Sustainable Design

According to Shelton (2007), thanks to development of technology and spread of
sustainable works, the principles of sustainable design has become more common.
Moreover, some strategies have been determined that help architectural projects

become more sustainable. These strategies are listed below:

e Orientation and configuration of buildings according to the context
e Window design for solar gain

e Designing microclimates and landscape responsively

10



e Window design for gaining effective daylighting

e Water management not only for consumers’ usage also for landscape and close
environment

e Choosing durable and local materials

e Organizing inner and outer relations of building providing natural ventilation

Minimizing the cooling requirement of a building with appropriate architectural
design can be achieved basically by minimizing solar and heat gains derived from
building envelope. For hot climates, the most critical season is summer so building
design should be created according to building thermal performance in this period.
Therefore, the design should aim to reduce indoor temperatures and promote natural

ventilation.

Givoni (1994) specified the architectural design features affecting the building thermal

performance below:

e Building layout

e Orientation of main rooms and windows
e Window size, location, and details

e Shading devices for windows

e (Color of the building’s envelope

e Vegetation near the building

For sustainable design, water consumption is also an important issue besides energy
consumption. While population increases, the consumption of water resources is also
increasing. Water demand is changed by additional influences such as land use,
urbanization, and climate change (Zimmerman, Mihelcic, & Smith, 2008). Each
stressor of influence relates to another forming a complex web, so changes in one
stressor will ultimately affect the others (Zimmerman et al., 2008). When designing a
system, certain stressors, such as population and urbanization projections are included
in the preliminary evaluation. However, other stressors like climate change, are often
ignored (Joustra, 2010).

11



Figure 2.2 shows the comparison of conventional water allocation and appropriation

Blackwater
[—=——em——y

| Potable water °

& Runoff
Rainwater

Figure 2.2. Water flow in a conventional structure (left) vs. a sustainable building (right) by Joustra
(2010)

of water in a sustainable building.
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2.1.2. Relation Between Design Stages and Sustainable Design

Kibert (2005) points out that the quality of the building can be increased by applying
the rules and techniques of sustainable methods. Vernacular architectural methods
form the basis of sustainable architecture. In addition to that, the process of the
principles of sustainability has also been supported by empirical data. In other words,
the experiment has a key role for sustainable designs.

Brophy and Lewis (2011) mention that an architect has a key role in putting
sustainable design into practice. That is, an architect can function as bridge between
the design and its application. Besides that, showing that the cost will be reduced in
time and informing and convincing clients and design team about environmental
aspects which are important and necessary elements of sustainable design, may also
be a role of the architect for applying the environmentally conscious design. In pre-
design stage, climate and location features are the key factors for the relation between
the design and context. Moreover, building size and usage are other factors for design.
These all affect the energy performance and requirement of buildings. That is, energy
usage for cooling and heating is directly related with orientation, daylight penetration,
ventilation, material selection, insulation of building. Therefore, although design

process is related with different aspects, architect should manage and take into account

12



all of these in early design stage and also inform the client or investor about outputs

of the sustainable design.

The terms sustainable building and sustainable design are also being used as ‘green
building’ and green design (EPA, 2016). For instance, Brophy and Lewis (2011)
described the sustainable strategies as green strategies. Because of that, the term green
strategy continued to be used for the clarification in this section. Table 2.1 shows the
design process of the building and green strategies at different stages. The key strategy
is climate; therefore, the location of the building becomes one of the most important
parameters. After these, orientation of the building, the mass of the building such as
building size, openings, courtyards, and materials and their application can be stated
as green strategies. Brophy and Lewis (2011) categorized design process at different
stages which are briefing, initial studies, concept design, preliminary design,
developed design, detailed design, tender, supervision at construction, commissioning
at construction, operational support, maintenance support, and refurbishment. Table

2.1 presents the clustered stages which are derived from the stages mentioned above.
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Table 2.1. Design Process with Green Strategies summarized from Brophy & Lewis (2011)

Design Process with Green Strategies

DESIGN

Orientation of the building according to the passive
strategies, i.e. passive heating, cooling and ventilation
Evaluation of water management

Selection of local materials

Calculation of energy performance

Optimization of the openings regards with adequate
daylight and energy consumption

Finalization of the architectural drawings

Determination of construction methods

TENDER

Convincing the contractors for green design
Specification of the importance of building performance
evaluation

Identification of low carbon construction practices

CONSTRUCTION

Protection of the natural landscape of the construction site
Waste management on the site

Application of the design by good quality of workmanship
Testing of the building envelope

Expression of passive and active systems for the clients

and contractors

OPERATION

Evaluation of the building’s environmental behavior
Consideration of the quality for building environment and
indoor air

Application of the good quality green materials and

sanitary products
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The design process is detailed below by investigating conceptual design stage and

construction stage.
2.1.2.1. Conceptual Design Stage

Brophy and Lewis (2011) mention that the conceptual design stage has a significant
role in starting a project. First of all, building orientation, building relations with
environment and organizations of indoor and outdoor spaces are managed. Then, the
architectural drawings, which are floor plans, sections and elevations, of these
decisions and their alternatives are prepared. After that, the materials and different
alternatives are selected. In the lights of this information, costs are calculated. In short,
the decisions of the architects, and interdisciplinary works have key roles for holistic
success of eco-friendly applications.

The planning session during the predesign stage has critical importance to realize the
goal of sustainability because it is the starting point to achieve sustainability. The
client has to clearly identify the needs; architects, engineers, and project managers
have to figure out the project envelope; and environmental engineer and quantity
surveyor should research into sustainability issues and life-cycle costing. Different
parties contribute their knowledge into the process to identify the performance goals,
such as site issues, water efficiency, indoor environmental quality, and

environmentally responsible construction activities (Wu, 2010).

Halliday (2008) proposes that the project should start with high aspirations, or
principles of sustainability, and involve the widest range of interests in the design
process. In addition, regular progress meetings during the project life cycle have

critical importance for the success of sustainable building.

The table (Table 2.2) illustrates the topics, which are practiced and experienced by
different approaches of the concept design stage to optimize different design
parameters. Brophy and Lewis (2011) discussed these topics as site planning, building

form and envelope, and materials.
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Table 2.2. Topics of the Concept Design Stage adapted by Brophy & Lewis (2011)

Topics of the Concept Design Stage

Orientation of the building for optimization of the heating
and cooling loads, ventilation, daylight, and shading

Providing water run-off by using soft landscape and

Building Envelope

Site Planning vegetation
Designing the surrounding of the building to eliminate the
noise and pollution
Designing the form and the facades,
Building Form To prevent heat loss
& To gain adequate sunlight for daylighting and heating

To provide natural ventilation

To prevent excessive sunlight for overheating

Materials

Selection of the appropriate and local materials regarding

with the climate and environment

2.1.2.2. Construction Stage

According to Anantatmula (2010),

sustainable projects are different from

conventional projects in terms of technical aspects. That is, to achieve sustainability,

the material specifications, and unique building solutions and practices are required.

Moreover, if there is an environmental certification goal, extensive documentation and

reporting are also required. The typical characteristics of sustainable projects require

adjustments of traditional project practices to minimize risks and also to improve the

chances of providing the project within acceptable costs. To make this happen, there

is a need for cross-discipline coordination on-site selection, design process,

construction techniques and building systems in design and project life cycle.
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Wu (2010) claims that the construction period is often subjected to all kinds of
pollutions, which can influence both the local and natural environments, depending
on the nature of the project. Labor, equipment, and materials are of critical importance
to improve the overall productivity and reduce waste in the construction period.
Basically, green construction is about planning and scheduling. Other than introducing
the low-emission vehicles and improving fuel efficiency, sustainable construction

aims at planning and scheduling to fulfill the green certification requirements.

Another consideration is the need to minimize site confusion during construction or
to protect materials and equipment from corruption during the construction process.
Hence, planning and scheduling are needed to achieve the project requirements with

high efficiency and low interruption (Glavinich, 2008).

In the concepts of sustainable design and sustainable construction, many parameters,
which are energy efficiency, quality management, environmentally friendly materials,

should also be considered.
2.2. Bioclimatic Approach for Sustainability

The term ‘bio-climatic’ means ‘of, or pertaining to, the relationship between living
things and climate’ (Merriam-Webster Dictionary). It was first used in terms of design
in the early sixties by Victor Olgyay in his famous book ‘Design with climate:
bioclimatic approach to architectural regionalism’; where he points out to the need for
considering climatic factors in designing spaces that would be thermally comfortable
for their occupants. He also developed the bioclimatic chart, based on the dry-bulb
temperatures, wind speeds and relative humidity values, in order to identify the limits
of the human comfort zone (Figure 2.3). He points out that if climatic conditions are
determined to be outside the comfort zone, then corrective interventions are needed

(Olgyay, 1963). Comfort zone and the effects on it are illustrated in Figure 2.3.
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Figure 2.3. Bioclimatic chart proposed by Olgyay (1963) to aid architectural design

Bioclimatic architectural interventions are needed when the prevailing comfort

conditions are not within the comfort zone.

In other words, when the conditions are outside of the comfort zone, architectural
interventions should be performed. (Manzano-Agugliaro, Montoya, Sabio-Ortega, &
Garcia-Cruz, 2015). The most productive and efficient conditions are also defined as
comfort zone, which is based on visual, acoustical, psychological and thermal
comfort; but the key is the thermal comfort because without optimization of thermal
balance, comfort conditions cannot be fulfilled, and human beings cannot be

productive.

Major factors which affect human comfort are air temperature, radiation, air

movement, and humidity (Olgyay, 1963), and these can be optimized through
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bioclimatic design strategies. In short, thermal comfort is related with the heat balance
between the human body and its surroundings. In other words, it is the optimum
thermal sensation of the human being in the current space. This heat balance is
supplied with conduction, air movement, evaporation of skin moisture and radiation
(Watson & Labs, 1992). Figure 2.4 illustrates these parameters. Three of them depend
on individual factors which are metabolism, clothing and skin temperature. Moreover,
four of them are related to surrounding environment which are temperature, relative
humidity, surface temperature and airspeed. Therefore, in order to provide optimum

thermal comfort in spaces, design decisions play an essential role (Brophy & Lewis,

2011).

Activity Human Heat Balance Clothes

Figure 2.4. The parameters affecting human heat balance demonstrated by Brophy and Lewis (2011)

While Watson (1989) defined the bioclimatic design strategies as minimization of
conductive heat flow, infiltration, external air flow and solar gain, promotion of solar
gain, ventilation, radiant cooling and evaporative cooling, and providing thermal
storage, Canas and Martin (2004) specified the strategies as being high thermal mass,
protection against solar radiation, rain, wind and cold temperatures, usage of solar

radiation and natural resources, proper building form and town planning.
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Olgyay classified the term ‘bioclimatic design’ in 1950s and elaborated in 1960s.
Figure 2.5 shows the bioclimatic design and its relations with other disciplines as
biology, climatology, technology and architecture. Thanks to these relations, climate

balance can be achieved.

Figure 2.5. Interlocking disciplines of climate design proposed by Olgyay (1963)

When these disciplines are taken into consideration as overall, the optimum relation
between the human and climate can be achieved. Then, bioclimatic design helps to
manage these interdisciplinary situations and also has been a significant role for
bioclimatic design (Szokolay, 2008). In other words, bioclimatic design and its
principles help designing environmentally appropriate buildings. That is, the
orientation, form and materials of the buildings are arranged with respect to the
climatic factors (Hyde, 2000).
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In short, to provide comfortable thermal zones in the buildings, active and passive
design systems are used together. Passive design systems are examined under the sub-

heading of bioclimatic architecture in this study.
2.2.1. Bioclimatic Architecture

Bioclimatic architecture is a current topic for energy efficiency concept in
architecture. One of the aims of bioclimatic architecture is to minimize the energy

usage by increasing ventilation capacities and energy savings (Zeiler & Boxem, 2009).

Lee, Lee, & Lim (2015) mention that bioclimatic architecture is about using natural
energy sources and designing buildings regarding environment. In addition to that,
bioclimatic architecture is the method of achieving energy efficient design. Building
orientation according to the sun, building shape, building envelope and other factors
like these are the design elements of bioclimatic architecture. Moreover, bioclimatic
architecture includes principles of passive design. On the other hand, active design is
related with technological methods like mechanical systems, which include heat
recovery, mechanical ventilation, and floor heating systems, or technological systems

using natural sources of energy, such as solar and geothermal energy.

According to Jones (1998), bioclimatic architecture stipulates that the building should
be designed by considering the issues which are microclimate, form, and fabric. For
instance, in hot climates, indoor spaces can be cooled by using passive and active
systems to achieve thermal comfort. Consequently, high energy use and unfavorable
environmental effects can appear. That is, it is obvious that there is a relationship
between climate change and the behavior of buildings. For this reason, while
designing buildings and obtaining the thermal comfort, the environmental impacts

should be considered, and these issues should be approached and evaluated together.

Bioclimatic architecture includes the passive architectural design principles. Lee et al.
(2015) points that while designing passive buildings, thermal insulation and adequate
ventilation should be designed and managed to minimize the energy consumption.

Hence, selection of the most suitable and efficient materials, and designing the
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building according to bioclimatic principles are critical for buildings. Yeang & Woo
(2010) specify that to realize the passive design strategies, the issues which are low-
energy design, the unique climatic and natural features of the building site, and the
form of the building should be take into consideration. When designing the building
these topics should be evaluated as a whole. For instance, the climate and the
topography of the site affect the building form and design decisions. Moreover, the
design and the orientation of the building are determined by considering sun control,

natural ventilation, and vegetation.

The table (Table 2.3) shows that the environmental control area of passive design

techniques includes the light environment, air environment, and thermal environment.

Table 2.3. Environmental effect of passive design techniques by Lee, Lee, & Lim (2015)

Environmental control Area

Design Passive Design

. Light . . ’
Area Techniques £ Air Environment |Thermal Environment
Environment
South orientation natural lighting - solar radiation penetration
Buildine Sun shading form daylight shading - solar radiation shading
: & Ventilation path - natural ventilation |air intake
Orientatio - = -
n & Shape Raised roof - - Efficient control of sunlight
Vol surfi ; ’
e o/ - - efficient control of sunlight
ratio
: 55 ., .. _ |solar radiation penetration
Atrium natural lighting |natural ventilation |, . . A P
Open /air intake
Spaces solar radiation penetration

Court yard, light well [natural lighting |natural ventilation Yt Jitalke

solar radiation penetration

Opening&(k3light moniior natural lighting |natural ventilation

Device roof /air intake
Clerestory natural lighting |natural ventilation b aciatiot peeiation
/air intake
Daylight duct natural lighting - -

Light shelves,
daylight ceiling
Ventilation duct,
ventilation tower

natural lighting - s

- natural ventilation |air intake

Double skin - - efficient control of sunlight
Building |Translucent skin daylight shading - solar radiation shading
Skin Louver, sun screen  |daylight shading - solar radiation shading
Closed facade - - efficient control of sunlight
Green roof, —— .
Building |landscaped ramp ) ) Sol R At on
Planting  |Green wall - - soil insulation
Water space - - heat exchange
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In short, the goal of the bioclimatic architecture is creating the spaces by nature-
friendly and economic matters to achieve healthy, comfortable, and energy efficient

living areas (Tundrea & Budescu, 2013).

2.2.1.1. Bioclimatic Design Interventions

Bioclimatic interventions are based on reducing energy need while providing thermal
comfort. They can help enhance thermal comfort, thus reducing and balancing heating
and cooling demands in buildings (Tejero-Gonzalez, Andrés-Chicote, Garcia-Ibafiez,
Velasco-Gomez, & Rey-Martinez, 2016). Gonzalez et al. (2016) point that traditional
bioclimatic interventions are more sustainable practices instead of the current generic
techniques. It goes without saying that vernacular architecture that is based on passive
design principles is the result of bioclimatic design concerns. For thousands of years
people have used environmental factors to obtain the best solutions for providing
thermal comfort within (Canas & Martin, 2004). These vernacular methods have
varied depending on site conditions, location, climatic conditions, local materials and

cultural norms.

There is a synthesis between technical sustainability which depends on energy,
materials, water, etc., and place-based locally centered design. Local values reflect the
past, which worked well. Cultural or human heritage in buildings can be viewed
through the context of history in the built works of past generations (Clarke, 2008).
Sustainability has been thought with issues of energy and resource consumption, and

minimization of human impacts on the environment.

The approach of Ken Yeang to the architectural design is to build by considering
environmental strategies for the climatic and cultural context. By this way, bioclimatic
architecture is achieved and applied by passive design principles and innovations
(Kassim, 2006).

23



Clarke (2008) also points that the understanding of heritage provides the designer with
the conceptual tools from the past geological areas and human history and different
layers of site’s natural history. In other words, context of history and environment
provides a guiding path to the designer. This path reflects the connection between the
works of past generations, socio-cultural heritage and environmental impacts. Thanks
to that, natural heritage and cultural heritage can be separated, and information of the
geographical character of the site can be found. The climate which affects each site
individually can be found with these deeper layers. It can be seen that the living layer
of natural history which is still sitting across previous layers and human history. That
is, Clarke points that sustainability issue can be achieved not only determining energy
usage, environmental values and new technologies but also continuity of social and

cultural values and also minimum intervention of traditional methods.

2.2.1.2. Strategies of Bioclimatic Architecture

Watson & Labs (1992) states that bio-climatic design principles aim at providing
thermal comfort in occupied spaces of the buildings, for all seasons. For instance, in
winter, the behaviors of the buildings are regulated to gain heat from the sun; on the
contrary, in summer, they are formed to provide heat loss. To solve this contrast,
interventions should be designed according to the local climates. In other words, the
principles which were promoting ventilation or solar gain operated effectively in both

summer and winter.

Webster-Mannison et al. (2013) specify some strategies to define and solve the energy
problems of the buildings, and to create a vision on climate-based designs. The aim of
these essential strategies is to provide designers with environmentally aware
approaches. Because there is no absolute solution for this issue, designers should solve

the problems according to the unique characteristics of building environment.

Some of these principles are specified by Webster-Mannison et al. (2013) below:
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e Enhance daylighting by:

O

©)

Controlling glare

Using light shelves
Increasing the use of daylight
Using shades for glazing

Using high performance glazing

e Augmenting natural ventilation by:

o

o

Increasing interior air movement

Using natural ventilation

Using fans

Re-designing the building according to stack effect principle
Creating atria

Thermal chimneys

e Building envelope optimization by:

o

o

In addition to that, Brophy & Lewis (2011) clarify the key factors of sustainable design

as building structure, building envelope, daylight, heating and cooling. These factors

Insulating roof, walls and ground

Using local materials for insulation

are described in detail below:

e Building structure: Re-use, local and long-life materials may be selected.
e Building envelope: The materials may be tested in terms of performing air

permeability and air tightness. Open areas for lighting and thermal performance

may be arranged.
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e Daylight: Openings may be designed regarding efficient daylight usage.
e Heating: Building plan and fagade may be designed to use maximum solar gain.
e Cooling: Fagade and shading systems may be designed to obstruct become thermal

mass and to allow natural ventilation.

Hyde (2013) mentions that with the development of the new technology and also
enlarging the building spaces, the buildings except for residential ones have been fitted
with mechanical systems to provide indoor thermal comfort due to not only
complexity of the building program but also the dense urban context. In Table 2.4, the
comparisons of the bioclimatic buildings and conventional buildings, and their general

characteristics are presented.

Table 2.4. General features of the bioclimatic buildings and conventional buildings stated by Hyde
(2013)

Bioclimatic Buildings / Traditional

Conventional Buildings / Current

e Optimally orientated
e Use fresh air

e Daylight

e Solar-heated

e Naturally ventilated
e Highly shaded

e Well insulated

Deep plan

Glass fagades
Mechanically lit
Fully air conditioned

Reliant on fossil fuel energy

While bioclimatic buildings are part of the traditional ones, conventional buildings are
current types of buildings.

Basic principles are determined in order to create a sustainable basis. In addition to
these general characteristics, it is necessary to use local parameters to design a

building in accordance with bioclimatic principles. In addition, environmental impacts
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should be re-examined at the beginning of the design because ecosystems are non-
stable dynamic structures. (Yeang, 1996). Thus, relationships between architecture
and ecosystem can be achieved (Hart, 2011). Yeang (2010) specified the strategies of
bioclimatic architecture. Firstly, the strategy is applied to achieve the relations
between the human interference and natural environment. Second strategy is to
harmonize the building structure and functions with the ecosystems of the site. The
other strategy is designing the landscape not only for the building but also for the
surroundings of the site. The last strategy is to consider designed system in the context

of the global biosphere.

Figure 2.6 illustrates the strategies of climate control by applying four heat flow
opportunities, i.e., conduction, convection, radiation and evaporation, in the summer
and winter conditions. The nine strategies, which are minimization of conductive heat
flow, external air flow, solar gain, infiltration, and promotion of ventilation, radiant
cooling, solar gain, and evaporative cooling, are matched with the heat flows and

applications in different seasons (Watson &Labs, 1983).
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SINKS Earth Atmosphere Sky Atmosphere

Figure 2.6. Strategies of climate control identified by Watson & Labs (1992)
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Moreover, the figure shows the relations between the heat flows, heat sources and heat
sinks. While these heat sources are identified as atmosphere and sun, heat sinks are

given as earth, atmosphere and sky.

Tengku Robert Hamzah and Ken Yeang have been practising sustainable design
methods both for the architectural projects and theorical issues since 1970’s. For these
practices, they examined topics related to climate and culture of the building site
(Couzens, n.d.). Hamzah & Yeang have applied these principles into practice. For
instance, Solaris Building in Singapore constructed in 2010, was designed with respect
to local climate and ecosystem. As can be seen from the section in Figure 2.7, the
atrium was designed to obtain adequate daylight and fresh air. This atrium also
provides passive cooling by promoting ventilation to apply passive cooling. The roof
of the atrium was covered by operable glasses with louvere type shadings. This roof
is convertible and it is operated by climatic sensors to promote stack ventilation and
to protect the inner spaces from the rain. The rain screen walls were operated by the
same system. Moreover, the inner spaces were vegetated to maintain the relations

between the natural and cultural environment (Widera, 2014).

i s s ¥

gl e

FLILL

Figure 2.7. Section of Solaris Building illustrated by Hamzah & Yeang (Widera, 2014)
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The other example is the school project constructed in Khan Younis, Gaza in 2014 by
Michael Collins Associates (MCA). Figure 2.8 illustrates the section of the building
which was designed according to bioclimatic principles and these principles were

applied at minimum cost (Widera, 2014).

summer 18 solar chxmneys rainwater solar heaters provide hot summer @
afternoon | improve air extraction harvesting water to warm ventilation air moming

winter afternoon ||} | amorphous photovoltaic KVat)

shading panel

~/
underground ramnwater tank’ 1n summer and warm 1n winter

Figure 2.8. Section of Kuwait School illustrated by MCA (Widera, 2014)

2.2.2. Passive Cooling in Hot and Humid Climate

The temperature characteristics of Mediterranean climate are hot and humid that
average high levels from 30 °C to 40 °C. Lower night temperature is useful for
ventilation and cooling (Mercer, Tuan, & Radford, 2007). Natural ventilation is a basic
passive cooling system. Cross ventilation and natural ventilation are needed for
practicing passive cooling. In addition to that, ventilation stacks are used to remove
hot air from inner parts of buildings in summers. Green walls and controlling water
usage are also other useful strategies. Mercer et al. (2007) also state that green walls
and shading elements are useful for controlling the sun and natural light for buildings.
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Yeang and Woo (2010) described the passive cooling as decresing and optimizing the
indoor temperature by using natural energy sources to realize the thermal comfort.
Building form, orientation of building, window size and number, shading devices, and
building envelope are the issues affecting the building behaviour. In other words these
considerations are applied to minimize the heat gain, to control the sun light, and to
promote the natural ventilation. Brophy and Lewis (2011) also mention that building
orientation and minimization of solar gains by using shading elements are important
for reducing cooling energy and improving thermal comfort in southern latitudes.
However, while applying these strategies, adequate daylight is needed. Moreover, the
design of the immediate surrounding is important. Using heat-absorbent materials,

vegetation, ground cover planting and water decreases overheating in building.

While designing buildings in hot and humid climates, progressive and preferential
design approach should be determined. In all passively cooled buildings, five core

strategies were described by Dekay & Brown (2014); which are listed below:

e Locating outdoor rooms helps in controlling sun light and wind.

e Thermal buffer zones provide the balance between outdoor and indoor temperature
and conditions.

e Stack ventilation provides cooling rooms by movements of cool air. When warm
air rises, cooler air spreads from lower areas.

e One of the most effective strategy is placing shades in different layers. That is, it
is the idea of enveloping the building which can be related to double skin materials
strategy.

In addition to that, Dekay & Brown (2014) stated that the buildings can be cooled

passively by the room organization, interior and exterior spaces, and building systems.

Moreover, Givoni (1994) classified passive cooling systems according to natural
sources, which derive cooling energy for the buildings, as comfort ventilation,
nocturnal ventilative cooling, radiant cooling, direct evaporative cooling, indirect

evaporative cooling, soil cooling, and cooling of outdoor spaces.
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Figure 2.9 illustrates these three main strategies and their sub-headings. Building
form, promotion of natural ventilation, buffer zones are related with the room

organizations.

Night cooled thermal mass in the buildings such as columns and beams; rooms which
gain adequate sunlight and promote ventilation; courtyards, and wind catchers are the
elements of passive strategies in interior and exterior spaces. Arrangements of thermal

mass and openings, and shading layers are evaluated with the building systems.
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Figure 2.9. The strategies of passively cooled building in hot and humid climate specified by Dekay
& Brown (2014)
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Additionally, passive solar cooling is used for cooling indoor spaces without using
mechanical equipment in hot and humid climates (Yeang & Woo, 2010). These
strategies are determined as operable windows, wing walls, thermal chimneys, and
sunrooms. All these strategies are based on promoting natural ventilation in an

efficient manner. Figure 2.10 illustrates these strategies.
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Figure 2.10. Thermal chimney (a), Sunroom (b) illustrated by Yeang & Woo (2010).

2.2.3. Natural Ventilation

Natural ventilation is one of the key factors of passive cooling systems. The meaning
of the word ventilation is circulation of air (Merriam-Webster, 2019). Ventilation
methods are used for supplying fresh air for interior spaces, and cooling the interior
of the buildings when outside air is cooler than the interior, and for increasing the

evaporation rate of the human skin (Watson & Labs, 1992).

Brophy & Lewis (2011) mentioned that natural and night ventilation are effective
strategy to sustain thermal comfort in summer, for buildings. When the strategy is not
sufficient, some additional mechanical systems i.e. mechanical cooling and ventilation
can be applied. As a result of natural ventilation, thermal comfort can be achieved by
using less energy. That is, the energy consumption of the building and, of course,

operation costs can be decreased by natural ventilation.
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The principle of natural ventilation is based on the air flow between the indoor and
outdoor. Natural forces manage this flow. For example, stack ventilation which is one
of the natural ventilation strategies can be achieved by pressure differences. Heated
air has lower pressure so lower pressured air passively rises and is removed from the
building passively. Moreover, thermal masses of the building i.e. concrete columns
and beams can be cooled at night by using natural ventilation. That is, natural

ventilation can be applied according to the need and context of the building.

Best solution of obtaining cool air in hot and humid climate is nigh ventilation which
is using the cold air from night time. In day time, ground level air is warm, however,
ground level and above are getting cool at night (Hazbei, Nematollahi, Behnia, &
Adib, 2015).

Hazbei et al. (2015) also remarks that this situation provides cooling the air and then,
because cool air has higher density than warm air, it goes down to lower levels. This
movement cools the roof firstly, and then, the cool air spreads to other parts. Finally,
when it reaches the ground floor, it rests there. Because of that, this strategy can be

used for warm climates.

Figure 2.11. Getting cool air from underground space illustrated by Hazbei et al (2018)
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The strategy above can be applied for night ventilation. However, an underground
space can help for storage of cool air to use it in day time as can be seen in Figure
2.11. Figure 2.12 shows the difference of air temperature between outdoor or

aboveground and underground spaces, which are called shavadon in Farsi.
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Figure 2.12. The comparisons of air temperatures of underground space and outdoor prepared by
Hazbei et al (2018)

For tall buildings, natural ventilation strategies can be studied in three categories
(Omrani, Garcia-Hansen, Capra, & Drogemu, 2017). These three types of strategies
are illustrated in Figure 2.13 and they are listed below:

e Intype A, there is no vertical void which connects each floor. Wind is key factor
of natural ventilation for this situation.

¢ Intype B, with a central void and large openings at the facades, natural ventilation
is progressed by using air flow. However, in this situation, lower parts are exposed

high air force when opening the windows.
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e Intype C, to prevent negative effects of type B, each central void part has separated
each other. Thanks to that, high air force is not occurred at lower parts.
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Figure 2.13. The illustration of tall buildings’ natural ventilation strategies prepared by Omrani et al
(2017)

2.3. Evaluating Bioclimatic Strategies thru Building Performance Simulations

With the development of the computers and software, building performance
simulation (BPS) tools have also been improved in recent years. They create the bridge
between the designers and clients by demonstrating the performance of the buildings.
In other words, the impacts of interventions in operation periods can be established
and evaluated through simulation tools. Therefore, the outputs of BPS can provide
enough proof to convince the clients to invest on more energy efficient building
strategies (Partridge, 2013).

Ralegaonkar & Gupta (2010) mentions that one of the main problems of architecture
is that designers focus on basic plan, shape and interior materials instead of external
conditions. Building energy demand, which is related with thermal comfort, heat,

light, and natural ventilation in accordance with air and moisture movement may
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highlight the relationship between natural environment and design decisions.
Lighting, vertical transportation (lifts/escalators), and energy usage for cooling and
heating are the main design requirements which have to be taken into consideration
for a sustainable building. In addition to that, materials should be chosen by giving
importance to their thermal, moisture and sound performance as well as being local
produce. Moreover, solar gain is affected by building elements such as walls, doors,
roofs and most importantly windows. The factors which affect the cooling and heating

energy usage are described by Ralegaonkar & Gupta (2010) below:

e Building area, orientation and usage type
e Relationship between walls and windows
e Density of walls and windows

e Shading components and systems

Brophy & Lewis (2011) suggested that before starting renovation, firstly, the thermal
performances of the existing building should be evaluated. The main aim of the
renovation is to transform the conventional buildings into bioclimatic ones. In other
words, interior weather is optimized by using bioclimatic interventions instead of
mechanical systems (Hyde, 2013). The thermal performances are depending on the
building envelope, openings such as doors and windows, ground floor and roof.
Besides the performances of material features and applications, the surrounding of the
buildings should also be evaluated. That is, microclimatic conditions such as
topography, surrounding vegetation, prevailing wind and its strength, potential of
obtaining sunlight should be examined. Then, obtaining the outputs from these data,
the effective interventions can be studied, tested, evaluated and applied. In addition to
that, Hyde (2013) mentioned that sustainability and its holistic effects on the cities can
be examined by ecological design. To decrease the pollution and to enhance the
environmental performance of the building, retrofitting and renovation strategies play
a significant role. With the renovations of buildings, not only thermal comfort for
occupants but also the savings for energy and water consumption can be provided.

That is, the renovations have great potentials beside the facade elevations and
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aesthetics. Building performance tools enables the foresights for business sectors,

investors and occupants (Partridge, 2013).

Performance of the buildings can be improved by different sustainable solutions and
methods. These may be achieved not only in material scale but also in building scale.
Moreover, performance decisions can be made by making simulations and
visualizations in design stage for different scales from material to mechanical systems
(Koukkari & Braganca, 2018).

While designing sustainable building, different factors are achieved from design phase

to construction phase. In figure 2.14, the performance of all phases is illustrated.
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Figure 2.14. Performance analysis of the building in building scale represented by Kokkari &
Braganga (2018)

BPS tools provide reliable predictions about the buildings’ behavior and performance
instead of generic regulations. In other words, by using a simulation tool, the best
solution or the best way of application can be generated. This situation gives
opportunities to the designer in the early design or pre-design stages. Different
computational tools enhance interaction between different disciplines, and these tools
can guide the project in all design stages (Brophy & Lewis, 2011). Table 2.5 shows

how building models and level of analysis are utilized during different project stages.
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Table 2.5. Building modelling and level of analysis in different project stages proposed by Brophy &

Lewis (2011).
Project Stages | Building Model Detail Level of Analysis
Concept Site location, building | Evaluation of orientation and
Design orientation, prevailing wind | level of solar exposure
direction
Preliminary Building geometry, concept | Evaluation of design schemes,
Design drawings, construction method | intermediate analysis
Developed Building geometry, detailed Evaluation of energy
Design
g facade design, construction performance,
method, detailed drawings, detailed analysis
engineering drawings
Detailed Detailed Building Model Estimation of energy
Design performance
Construction Detailed Building Model Examination of the changes
and the details of construction
Operation Detailed Building Model Comparisons of estimated and
actual building

2.3.1. Integration of Bioclimatic Interventions and Energy Simulation Software

To achieve sustainable buildings, simulation and energy analysis are important for
designers in designing forms and components effectively. Building energy simulation
provides analysis of the energy performance of a building by using computer modeling
and simulation techniques. There are different simulation tools which can help predict

different points of building behavior. These are energy performance, acoustical
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performance, fire movement, structural performance, life-cycle assessment, etc.
(Aksamija, 2015).

Figure 2.15 illustrates the effect of design decisions on building performance and
relationships between the decisions and project stages. Moreover, uncertainties about

building are also be shown in the different stages of architectural design.
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Figure 2.15. The effects of design decisions and effects on building performance uncertainties for
each design stages of architectural design demonstrated by Aksamija (2015)

When realizing successful sustainable design, it is believed that not only designers can
show different alternatives of designs for clients but also these alternatives can be
compared (Danatzko, Sezen, & Chen, 2013). Obtaining realistic design alternatives
require detail analysis on different energy types and environmental inputs. In addition
to that, materials, including structural materials, are also critical issue for analyzing

and optimizing the building.

Aksamija (2015) points that energy performance simulation tools enable different data
for designers. For instance, they provide prediction of the thermal behavior of
buildings in their environment, simulation of the impact of daylight and artificial light
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inside buildings, calculation of the effect of various building components and

estimation the capacity of equipment for thermal and visual comfort.

Designing the building while taking into considering the sustainable principles at the
design stage, helps to reduce the negative impacts of the construction, as well as the
cost of the project (Braganga, Vieira, & Andrade, 2014). Figure 2.16 demonstrates the
relationship between the environmental impacts, cost and time at the design,

construction and use phases.
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Figure 2.16. The effects of design decisions and effects on life cycle impacts and cost are shown by
Bragaga et al (2014)

Hamilton and Watkins (2009) described the term BPS as evidence-based design
(EBD) as the tool which creates awareness and predictions about the results of
decisions, researches and practices. In other words, EBD gives an opportunity to
evaluate the design, and then helps to convince the clients because of presenting the
results of design decisions. EBD can be approached by determining and describing

the situation of the source. Then, design can be generated according to the outputs
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from former situation. Thanks to the design predictions and outputs, confidence is
provided. There are also some thoughts that this design tool has deficiencies about
research and its application into the practice. On the contrary, using this tool gives
clarity in forecasting the benefits of the renovations and retrofits (Hyde & Rajapaksha,
2013).

When looking at the office buildings instead of residential and conventional ones,
Hyde & Rajapaksha (2013) stated that because most of the existing commercial
buildings were not designed having regard to environmental impacts, these buildings
have negative effects on the environment. Besides that, to obtain thermal comfort for
the occupants, energy demand has also been increased. Because of that, there is need
for solutions to improve the thermal performance of the buildings. At this point, EBD
can useful because EBD generates the solutions and outputs for renovations in terms
of energy. First of all, the existing building and its performance is identified and
monitored for the renovation. Then, the interventions and renovation strategies are
determined according to the climate, and the surrounding of the building. Thirdly,
according to this data, design decisions are generated. Finally, the model of
renovations is tested and evaluated. This situation provides evidence for increasing

the reliability of the interventions.

Consequently, it is obvious that there is need for designing low energy buildings which
provide thermal comfort by an environmentally aware approach. Existing buildings
are spending much energy in present state and this energy usage will continue
increasingly. Most of these buildings are 20 to 30 years old. Because of that,
renovation is a better alternative than destroying old ones and constructing new ones,
for decreasing the energy consumptions of buildings (Webster-Mannison, Beeson, &
Healey, 2013).

By using energy simulation software, reliable performance outputs can be generated
from different renovation strategies. These strategies can be evaluated, tested and

compared by architects according to his/her design decisions and creativity.
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2.3.2. Building Performance Simulations to Compare Energy Efficient

Renovations Building

Main reasons of applying bioclimatic architecture are reducing energy consumption
and increasing thermal comfort. However, bioclimatic design is critical for dense
urban texture in hot and humid climates for its cost and effectiveness. Active solutions
may be more cost effective because of lighting and air conditioning improvements.
Cost is incurred by economic scale, availability of materials in market and risks. For
instance, the advantages of greening a roof may be too small to achieve energy savings
(Sun, Gou , & Lau, 2018).

Francis (2014) states that because building industry is changing rapidly by the effects
of becoming more complex and multidisciplinary, the view of the occupants is also
changing in the matter of buildings. This change increases the importance of building
renovations for energy usage because of the cost increase, the upward trend of the
savings, and the rapid developments of the technology. While these changes are
occurring in the industry, landholders and users are starting to consider the issue of
energy efficiency. This issue is related not only with the sustainability but also with
‘image, brand, value and quality’. Thus, the overall approach of the sustainability and
energy usage issues are reconsidered by the evaluation of the financial performance
of the building, building value, and building performance as a whole.

In this section, to compare the building before renovation and after renovation, two

examples are given below.

One of the building which is located in London was renovated in 2012. This building
which is called the Foundry Studios has BREEAM Excellent rating. Thanks to
renovation, this old industrial building reduced its energy usage by 50% after changes

and interventions.
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For reducing energy usage, the skin of the building, i.e. walls, floors, and roof, were
insulated by a thick layer of recycled newspaper. Moreover, natural light and natural
ventilation were promoted. To generate the electricity, photovoltaic panels (PV) are
installed at the roof level. By using building management systems, the mechanical
systems for heating and cooling can be controlled with and internet-based monitor.

Figure 2.17 shows these passive and active architectural interventions in the Foundry
Studios building.
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Natural ventilation
Air source heat pump
22 m? PV panels

Heat recovery
Underfloor heating

Figure 2.17. The illustration of the renovations and interventions compiled by Penoyre & Prasad
(2014)

Table 2.6 shows the comparisons of the pre-renovation data, post-renovation data, and
actual data in terms of total energy usage and carbon emission. In addition to that, the

remarkable amount of energy saving can be seen in the table.
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Table 2.6. The comparisons of existing and renovated building shown by Penoyre & Prasad (2014)

Total Energy (kWh/m?/yr) | Carbon (kg CO2 /m?/yr)
Pre-Renovation Data 221 22
(Estimated)
Post-Renovation Data 63.66 31.83
(Predicted Energy Model)
Actual Data 115 57.5
(Post-occupancy Data)

The other building which is also located in London was renovated in 2011. This
building which is called the Mildmay Community Centre aims at creating comfortable
spaces with using much less energy than traditional building type. This aim is achieved
by reducing annual energy usage by 80%. This great amount of decrease is achieved
by highly insulated building skin, triple-glazed openings, newly added spaces such as
balcony and platforms on the fagade, and PV panels. These interventions can be seen
in Figure 2.18. That is, active and passive design strategies are used together not only

for reducing energy usage but also generating electricity.
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Fixed triple glazed roofights
Solar panels

e

Photovoltaic panels

Existing brickwork wall externally insulated and rendered using
Permarock insulated render system - total additional build-up
300mm

Zinc standing seam roof
Zinc standing seam finish to copings and faces of parapets

Triple-glazed Passivhaus certified timber windows
New balcony to ground floor offices
10 Junkers sprung timber floor to main hall

5
6
7 New warm roof insulation bulld-up with ecological roof garden
8
9

11 Excavated and installed 200mm insulation to external face of
basement wall, installed french drain and back-fill with foam
glass granules
100 mm Styrofoam Floormate A (inner layer of insulation)
100 mm Styrofoam Perimate (outer layer of insulation)

,//’ / -
. =

12 Exact extent of existing foundation unknow:
13 New floating timber floor 1o basement
14 Photovoltaic panels on steel framework

15 New fixed window to first floor office space:

Figure 2.18. The section of the renovated building shown by Penoyre & Prasad (2014)

The comparisons of the data of existing building and renovated buildings are shown

in the table (Table 2.7).

Table 2.7. The comparisons of pre-renovation and post-renovation data illustrated by Penoyre &

Prasad (2014)

Total Energy (kWh/m?*yr) | Carbon (kg CO: /m?/yr)
Pre-Renovation Data 580
(Estimated)
Post-Renovation Data 20.8 10.4
(Predicted Energy Model)
Actual Data 66.5 25

(Post-occupancy Data)
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CHAPTER 3

MATERIALS AND METHOD

In this chapter, materials determined for the research and methods applied for the
study are clarified under two subheadings. In the material section, the data of the
building selected as case study, the simulation software used for modelling the
building and calculating the energy consumption, and finally weather data of Alanya
are explained in detail. The procedure is classified step by step and then, simulations

of existing building and renovated ones are examined.

3.1. Material

The features and data of the case study building, identification of the simulation
software, and the weather data of Alanya are the materials of this study. These are

described in detail under the following sections separately.
3.1.1. Case Study Building

In this section, the data of the selected building are explained to analyze the case study,
which is an important building in Alanya, i.e., the Alanya Municipality Building,
which was constructed in 1991 and located in the center of the city by the seaside. The
building was designed by the famous Turkish architect Vedat Dalokay studied
architecture at Istanbul Technical University and city planning at Sorbonne University
in Paris with Le Corbusier and August Perret who are the pioneers of the modern
architecture. After returning to Turkey, he established an architectural office in Ankara
(Naz, 2005). Because Dalokay tried to re-examine the traditional architectural

attitudes in modern context, he has the respectable place not only in the history of
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Turkish architecture but also in Pakistani architecture. Although he encountered the

political obstacles, they could not be changed his architectural view (Pekol, 2011).

Inspired by Alvar Aalto, Frank Lloyd Wright, and especially Le Corbusier, Dalokay
adopted modernism and rationalism like most architects of his time. Since his
architectural attitude was considering society, it was aimed that social and cultural
relations were organized in his project (Naz, 2005). In many of his projects, he has
achieved a modernist line with symbolic expressions. To create these symbolic
expressions, he emphasized the use of geometry. This is why he placed emphasis on
the structure (“Dalokay Mimarlik Atdlyesi’nde”, 1991).

Figures 3.1 and 3.2 below show photographs of Alanya the municipality building.

Figure 3.1. A view of the Alanya Municipality building from the seaside (Retrieved from

http://www.alanya.tv/tr/AlanyaBelediyesi)
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Figure 3.2. A view of the Alanya Municipality building facing the city

The geographical coordinates of the building site are 36° 32' N, 32° 00" at sea level.
The municipality building is located on the izzet Azakoglu Street which is parallel to
one of the biggest roads in Alanya, i.e. Atatiirk Caddesi, and at the end of the
RihtimStreet; which passes through the touristic part of the town where historical
places from the Seljuk era such as the Red Tower, the shipyard, and the arsenal
building are located. The building site is also the starting point of the beaches in the

eastern part of Alanya peninsula. Figure 3.3 illustrates the location of the building.
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Figure 3.3. The location of Alanya Municipality

The building of Alanya Municipality has a reinforced concrete structure with brick
exterior walls, and, the windows are double glazing with aluminum frame. The
building consists of two blocks: the first is the main building which has four floors
above ground and one basement, and the other is an annex building which has three

floors. In this study, only the main building was modelled, tested and simulated.

At the center of the building, there is an atrium with the skylights. This atrium provides
not only visual connection but also the circulation between the spaces. All floors are
used as office areas, and each floor has toilets both at the right and left sides of the
stairs. The building has a pitched unoccupied roof with copper sheeting. The roof has

no heating, ventilation, and air conditioning (HVAC) systems.

Because the building houses the municipality services, there is a high and continual
traffic of people during the working hours. This situation requires that interior thermal
comfort should be achieved continually. The critical point thermal comfort is cooling
because of the of the climate conditions in Alanya. The weather data is given in more
detail in the next section. The building is cooled by split and separate air conditioners
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by using electricity. In addition to that, natural ventilation is used for getting fresh air
by opening the windows. The figure (Figure 3.4) shows the section of the building.

The total usage of the spaces and their relations can be seen from the drawing.
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Figure 3.4. The section of the building of Alanya Municipality (Redrawn by Author)

The building consists of a storage floor whose area is 888.91 m?, a ground floor 1279
m? and three typical floors 774.11 m? each. That is, the total area of the building is
4490.24 m>.

Split air conditioners are used in the building. That is, there is no central cooling and
heating system. 62 air conditioners were observed in the building. However, these air
conditioners are used in different types such as wall type, free-standing and ceiling
type. These air conditioners have been used for different years. In other words, they
were taken singularly as needed and used in the building. The images of air
conditioners can be found in the appendices.
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3.1.2. Simulation Software

DesignBuilder software which is an advanced modelling tool for simulation is used
for modelling the existing building. In addition to that, energy simulations of the
building are executed by using the EnergyPlus engine which is plugged into the
DesignBuilder software.

DesignBuilder software offers to import DXF formatted files. This file format can be
prepared by using AutoCAD software, which helps to create 2D and 3D drawings.
This situation provides the base for creating 3D model. After developing the 3D
model, technical and renderer outputs can be generated. These outputs related to
building performance are energy consumption, CO2 emissions, thermal comfort,
daylight availability and cost. In other words, DesignBuilder provides accurate data
about energy consumption of heating and cooling, comfort, solar gains, mechanical
and natural ventilation, etc. throughout the design process in both naturally ventilated

and air-conditioned buildings. Figure 3.5 shows the interface of the software.
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@ import 2.0 dravang fie
@ |mport 81 model
H & Add blockto draw a new block

10 add a new surface to the block
change the dimensions of a block in the
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a artions or to draw void perimeters s
courtyards you shouid g0 to the block first by double.ciicking
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Figure 3.5. The interface of the software
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Moreover, Climate Consultant software which converts EPW format raw climate data
into different types of graphics is used for illustration of some weather data of Alanya.
In addition to that, AutoCAD is used for showing the design of interventions and for
the preparation of 2D plan drawings of existing building. Lastly, Microsoft Excel is

operated to create the graphs of results.
3.1.3. Weather Data

For the simulation, the weather data of Antalya is used because Antalya has the closest
weather data to Alanya. The reason of this situation is that there is no weather data file
of Alanya with EPW format.

As can be understood from the Figure 3.6, Alanya has a unique microclimate. The
main reason of this situation is that the Taurus Mountains are very high and very close
to the city. In this way, the city is protected from cold winds coming from the northern
part of Taurus Mountains, and the higher temperatures and humidity cannot be
dispersed. One of the most important examples of this is the fact that unlike other
Mediterranean cities, many tropical fruits can be grown in Alanya. Especially in
banana cultivation, Alanya is at the forefront (Biner, Temirkaynak, & Oten, 2009).
This is why the weather of Alanya is considered to be hot and humid despite the fact

that is it located in the subtropical climatic zone.
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Figure 3.6. Climate classification of Turkey by Aydeniz Method (Sensoy, 2004).
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Figure 3.7 which is taken from Climate Consultant software shows the temperature
range and comfort zone of Alanya. This software uses the EPW format weather files.
The values of temperature range and comfort zone are generated according to
ASHRAE 55-2004 standards.
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(At 50% Relative Humidity)
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-10
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

Figure 3.7. Chart showing the temperature range and comfort zone produced

by Climate Consultant software

In summer months especially in July and August, it can be seen from the chart that the

air temperature is much higher than comfort zone.

Climate Consultant software also provides guidelines for users. These guidelines and
design proposals are created by using the features of weather data which is uploaded

to the software. These proposals are listed below:

. Window overhangs and operable windows can be used to reduce or eliminate

the air conditioning.

. Double pane high performance glazing (Low- E) can be applied.
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. Operable walls and shaded outdoors are effective for hot climates.

. Effective natural ventilation- cross ventilation decreases the use of air
conditioning.

. Light colored flat roofs can be effective for hot regions.

. Building should be designed to minimize the overheating.

. To minimize conducted heat gain, light colored building material and cool roof
can be used.

. Traditional passive buildings in hot climates use small openings to prevent

excessive sun light and night ventilation to cool the mass.
. Long narrow building floorplans promote cross ventilation.

. Sunny protected outdoor spaces such as courtyards and verandas can extend

living areas in hot climate.

. Plantation provides thermal control; however, trees should not be planted in
front of passive solar windows. They can be planted beyond 45 degrees from each

corner.

Figure 3.8 illustrates the energy simulation data is taken from the EnergyPlus software
databases. Because the main focus is reducing the cooling energy demand, it is
expected that the data of Antalya gives similar results to the case in Alanya. The
simulation is run for the three months, i.e. June, July, and August which have the

highest mean temperature values.
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Site Data - Untitled, Building 1
EnergyPlus Output 1 Jun - 31 Aug, Monthly Evaluation

3 | — e —
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Jun Jul Aug
Month

Outside Dry-Bulb Temperature (°C) 25,80 29,22 28,76
Outside Dew-Point Temperature (°C) 15.54 18,14 18,98
Wind Speed (m/s) 299 2,90 268

Wind Direction (°) 198,85 201,95 200,10

Solar Altitude (°) 17.16 15,87 10,44

Solar Azimuth (%) 184,39 183,11 183,46

Atmospheric Pressure (Pa)x10*3 100,67 100,68 100,66

Direct Normal Solar (kWh) 238.81 271,61 241,99

Diffuse Horizontal Solar (kWh) 67,93 58,91 55,04

Figure 3.8. The weather data of Antalya taken from EnergyPlus software weather databases

3.2. Method

The objective of the study is to determine, test, select and demonstrate how bioclimatic
interventions and passive cooling strategies are effective for designing a sustainable
building. Because of that, to apply the interventions, municipality building which is
one of the most crowded buildings in Alanya is selected. Moreover, because the
building is a governmental building, the results of the study may reach to the decision
makers. In other words, some architectural decisions related with bioclimatic
interventions and traditional construction practices may be taken into consideration
while not only designing or constructing new projects but also renovating existing
building. The empirical data obtained from energy simulation may help which
architectural decisions are appropriate and applicable for Alanya, which is located in
the south of Turkey, and has a hot and humid climate. Figure 3.9 illustrates the

structure of the methodology.
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In this context, the research method adopted is clarified below:

Step 1: Determining the building as a case study and collecting necessary data, i.e.

Images and architectural drawings.

Step 2: Modelling the existing building by using Design Builder software which is an

advanced modelling tool for simulation.

Step 3: Renovating the building virtually by changing the building envelope, i.e., roof
and facades, to control the sunlight and to decrease the heat absorption by the roof,

and by rescheduling the ventilation to prevent intake of hot air in summer days.

Step 4: Making simulation of the existing model and the renovated models for the

summer days; between 1% of June and 31% of August (three months).

Step 5: Analysing and comparing the outputs of simulation with regards to

consumption of energy for cooling.

Step 6: Combination of the most effective simulation results which are taken from

different interventions.
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Determining the building

Collecting necessary data
as a case study

e Alanya Municipality Building e Architectural drawings were taken
from the municipilaty as hardcopy.

e The building was photographed by

author.

Modelling the existing building

e modelled by using Design Builder software which is an advanced modelling

tool for simulation.

Renovating the building

e by changing the building envelope, e Dby re-scheduling the ventilation to
1.e., roof and facades prevent intake hot air in summer
o to control the sunlight days.

o to decrease the heat absorption
by the roof

4

Making simulations for the summer days

e the existing model o the renovated models

Ist June- 3 1th August (three months)

4

Analysing and comparing the outputs of simulation

e with regards to consumption of energy for cooling.

4

Combination of the most effective simulation results

e The results are taken from different interventions.

Figure 3.9. The structure of the adopted methodology
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Decreasing the energy usage of the existing building for cooling is aimed by
renovations which are related with building envelope and natural ventilation. Table

3.1 shows all interventions in more detail.

Table 3.1. All interventions applied for reducing cooling energy demand prepared by Author

ROOF

R1.1 | Green roof

R1.2 | Glazing change of the skylights
R1 | R1.3 | New roof design

R1.4 | New roof design + projection

R1.5 | New roof design + glazing

R1.6 | New roof design + projection+ glazing

SHADING
R2.1 | R2.1.1 | Overhang+ Sidefins 0.50 meters
R2.1.2 | Overhang+ Sidefins 1.00 meters
R2 1R2.2 [R2.2.1 | Louvre 0.50 meters
R2.2.2 | Louvre 1.00 meters

R2.3 | R2.3.1 | Overhang+ Sidefins+ Louvre | 0.50 meters

R2.3.2 | Overhang+ Sidefins+ Louvre | 1.00 meters
GLAZING

R3 | R3.1 | ISICAM - clear double glazing

R3.2 | ISICAM K — thermal double glazing

R3.3 | ISICAM K+ — thermal triple glazing

R4 | Creating courtyard instead of atrium which is at the center of the building

R5 | Rescheduling natural ventilation as night ventilation

R6 | Courtyard + the most efficient interventions of shading and glazing+ night

ventilation

R7 | New roof design + the most efficient interventions of shading and glazing+

night ventilation
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There are five main interventions which are related with roof, shading, glazing,
courtyard and ventilation. One of the last two interventions is combination of new
designed courtyard, night ventilation and the most efficient interventions tested for
roof, shading and glazing. The other one is combination of new designed roof, night
ventilation and the most efficient interventions tested for roof, shading and glazing.

Under the roof renovation (R1), newly added green roof, changed glazing types of
skylights and newly designed roof and their combination with shading and glazing are
tested. Different types and dimensions of shading devices are tested to control the solar
gain under the shading renovation (R2). The glazing type of the existing situation are
changed and simulated under the glazing renovation (R3). Renovation 4 (R4) shows
the effects of creating courtyard instead of atrium on the cooling demand of the
building. Night ventilation is tested in the renovation 5 (R5). Renovation 6 (R6) and
renovation 7 (R7) are the combination of all efficient interventions for reducing

cooling demand.
3.2.1. Simulation Software

The 3D Model of the existing building; i.e. base case, was drawn in the DesignBuilder
software to obtain the actual energy simulation outputs. DesignBuilder software
generates the simulation outputs by using the EnergyPlus engine.

The starting point of the study is modelling the existing building for energy simulation.
After modelling the building by using DesignBuilder, the data about materials and
occupied hours of the building were arranged and these are mentioned in the following
paragraphs.

Features of the base case regarding cooling period, activity, occupancy schedule,
materials of walls and floors, and HVAC remained unchanged in the subsequent cases
where bioclimatic interventions were integrated one by one in order to isolate their
individual impacts on the cooling load. Firstly, the building was identified as generic
office building in DesignBuilder software. This means that the schedule of the
occupancy of the building is between 07:00 AM and 19:00 PM. In addition to that, the
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schedule of the cooling system is also defined as same as the schedule of occupancy.
The cooling setpoint and setback temperatures are arranged as 24 °C - 28 °C
respectively, according to ASHRAE standards. That is, the cooling system is started
when the inside air temperature is 28 °C and stopped when 24 °C. The rate of seasonal
coefficient of performance (SCOP) assigned as 4.50 because this value represents
same value of A+ air conditioner. Table 3.2 shows the relation between and SCOP
rate and the energy efficiency class label. Coefficient of performance (COP)
represents the ratio between the number of units of heat produced by the air
conditioner by using 1 unit of energy (Dasdemir & Kegebas, 2015). For instance, the
air conditioner with the COP rate 4.50 uses 1 kilowatt (kW) energy to produce 4.5 kW
of heat.

Table 3.2. The relation between energy efficiency class and SCOP value expressed by Dasdemir &
Kegebag (2015).

ENERGY EFFICIENCY CLASS SCOP
A+++ SCOP > 5,10
A++ 4,60 <SCOP < 5,10
A+ 4,00 <SCOP < 4,60
A 3,40 <SCOP < 4,00
B 3,10 < SCOP < 3,40
C 2,80 <SCOP < 3,10
D 2,50 <SCOP < 2,80
E 2,20 <SCOP < 2,50
F 1,90 <SCOP < 2,20
G SCOP < 1,90

Natural ventilation is promoted by opening windows manually at working hours.
Because of that, the operation schedule of natural ventilation is identified as the hours
between 07:00 AM and 19:00 PM at workdays. The value of air change per hour (ach)
represents the amount of air exchange for natural ventilation and heat loss. The volume
and use of space require different amount of ach. For the municipality buildings, this
amount should be determined between 4 to 10 ach (Engineering ToolBox, 2005). For

this study, ach value of natural ventilation is taken as 10.

Data about roofs, openings and walls of existing building is listed below:
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The exterior walls are composed of four layers (outermost layer to innermost layer) of
3cm thick plaster, 20cm thick brick, 5cm thick thermal insulation (Herapor) and 2cm
thick plaster. The thermal conductivity of insulation material (Herapor) is 0.047
W/mK (Acarla, 2013).

For the window, clear double glazing with 13mm air gap was used. The roof is made
of a timber structure that is covered with copper sheets; 8cm thick insulation
(conductivity 0.04W/mK; specific heat 840J/kg-k; and density 12kg/m3) was applied
on the flat surface under the pitched roof, so a cool roof system was created. The

section of the building is illustrated in Figure 3.4.

In the light of these data, the energy consumption and ventilation behavior of the
existing building are tested and simulated.

3.2.2. Bioclimatic Interventions

After the simulation of existing building, in order to reduce the energy demand for
cooling the building, seven main different renovation strategies, which are mentioned
in Table 3.1, were applied and simulated. These can be grouped according to the
ventilation schedule and three building envelope components: roofing, shading and
glazing. Six proposals for changing the roof covering and design, six proposals for
different shading strategies for the windows, three proposals for changing glazing type
of windows, one proposal for creating a courtyard one for night cooling, one for the
combination of courtyard and the other efficient interventions, and the last one
proposing the combination of newly designed roof and other efficient interventions.

These strategies and their impacts are explained in detail below.
3.2.2.1. Renovation Strategy 1 (R1)

The first main strategy is about changing the roof design and roof covering. There are

six interventions are tested for roof.
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Green Roof (R1.1)

The first strategy is about changing roof coverings. It is aimed at decreasing the energy
consumption for cooling by applying a green roof instead of the existing roof. Figure
3.10 illustrates the section drawing of the proposed roof.
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Figure 3.10. Section of the proposed green roof for R1.1

The roof layers of the renovated model are illustrated in Figure 3.11 and they are listed

below (outermost layer to innermost layer):

e Plants — (height of plants are 10cm)

e Vegetational soil — 20cm (conductivity (W/m-k) = 0.3; specific heat (J/kg-k) =
1000; density (kg/m3) =1000)

e Drainage board

e Protection mat

e Thermal insulation — 8cm (same features with existing one)

o Geotextile

e Waterproof membrane

e Geotextile

¢ Sloping concrete — 10cm

e Reinforced concrete slab

63



il !‘ \\H =

Figure 3.11. The layers of the proposed green roof

Glazing change of the skylights (R1.2)

For the second renovation, the material of the skylights is changed. In existing
situation, itis 4 mm polycarbonate sheeting. For the simulation, thermal properties of
the existing material are determined in DesignBuilder. The thermal properties are
listed in Table 3.3. The exact thermal values of the existing material -polycarbonate-
is not known so the values of the materials are taken from makrolon of Sheffield

Plastics. It is assumed that the values of these materials are similar.

Table 3.3. Thermal properties of 4 mm polycarbonate used in existing building.

Properties Existing Building
Total solar transmittance 0.849
Direct solar transmittance 0.808
Light transmittance 0.885
U-value (1SO 10292/ EN 673) (W/m2-K) 5.392
U-value (1SO 15099/ NFRC) (W/m2-K) 5.452
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To control the daylight coming in from the skylight, new glazing is assigned instead
of existing ones, from ISICAM systems, which offer solutions for thermal control in
living areas. The section of the skylights is illustrated in Figure 3.12. When
researching the products of ISICAM, it is claimed that K series is produced with
Sisecam Solar Low-E Glass with high quality heat and solar control coating.
Moreover, it also claimed that K series provide maximum thermal insulation and solar
control so energy consumption for cooling and heating is reduced. Therefore, this
material available in Turkey for thermal control and has been selected for proposed
renovation in R1.2. The properties of the ISICAM K are listed in Table 3.4.

ISICAM K is a double-glazing window composed of Sisecam Solar Low-E glazing at
outer layer, 12mm air gap, and Sisecam clear glazing at inner layer. To investigate the
performance of the window system composed of different glazing and air gaps, the

performance calculator can be operated from Sisecam Diizcam website.

Table 3.4. Thermal properties of ISICAM K series glazing which is calculated in performance
calculator of Sisecam Diizcam website linked from http://www.sisecamduzcam.com/tr/faaliyet-

alanlarimiz/mimari-camlar/performans-hesaplayici

Properties ISICAM K
Total solar transmittance 0.410
Light transmittance 0.720
U-value (ISO 15099/ NFRC) (W/m2-K) 1.600
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Figure 3.12. The section of the proposed skylights
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New roof design (R1.3)

For the third renovation proposal regarding the roof, to control the sunlight and
promote the natural ventilation, a new roof design is proposed. The last three
interventions about roof are also generated with this design. Figure 3.13 and 3.14
present the 3D images, taken from DesignBuilder, and show the existing skylights and
proposed roof design. The layers of the proposed roof are listed as (outmost layer to
innermost layer): white plaster (2 cm- to protect from overheating), thermal insulation
(8 cm- same features with existing one), reinforced concrete slab (15 cm) and plaster
(2 cm).

Figure 3.13. 3D view of the existing skylights drawn in DesignBuilder
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Figure 3.14. 3D view of the new roof drawn in DesignBuilder

The atrium at the center of the building is overheated during the day due to the
openings of the skylights which are fixed —and cannot be opened to exhaust the heated
air-. Therefore, when designing this proposal, it is aimed not only to prevent
overheating because of the greenhouse effect, but also to remove heated air by using
the bioclimatic principle of stack ventilation. Figure 3.15 illustrates the section of this
intervention.

_——Double-Glazing with Clear Glass Double-Glazing with Clear Glass—.._

Figure 3.15. The section of the proposed roof for Renovation 1.3
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New roof design + projection (R1.4)

For this renovation, the slab of the new flat roof is extended by 1 meter from each
edge. To observe the effects of 1-meter projections on cooling demand, and to
compare the results of proposed roof and this intervention, they are simulated

individually. Figure 3.16 shows the section of this intervention.

_~—1 m Projection of the Roof 1 m Projection of the Roof —_

J

—Double-Glazing with Clear Glass Double-Glazing with Clear Glass—

Figure 3.16. The section of the proposed roof for Renovation 1.4

New roof design + glazing (R1.5)

The proposed renovated roof (R1.3) is improved by changing the glazing type. Double
glazing with clear glass is used in existing situation. For this renovation, ISICAM K,
which is examined in detail in terms of energy performance, is used instead of clear
double-glazed windows. Figure 3.17 shows the section of Renovation 1.5. In short, it

Is tried to improve Renovation 1.4 in terms of thermal performance.
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Figure 3.17. The section of the proposed roof for Renovation 1.5
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New roof design + projection + glazing (R1.6)

The last intervention on the roof design is the combination of R1.4 and R1.5. In other
words, 1-meter projection and ISICAM K series glazing are added to this new roof
design. All of these six interventions applied on the roof are simulated and compared,

and the most efficient one is selected for the renovation.

The section of this intervention is illustrated in Figure 3.18.

1 m Projection of the Roof 1 m Projection of the Roof

=

ISICAM K ISICAM K

Figure 3.18. The section of the proposed roof for Renovation 1.6

3.2.2.2. Renovation Strategy 2 (R2)

In this main strategy, the interventions show how different types and dimensions of
shadings are effective to reduce energy consumption for cooling. In Figure 3.19, the
types of shadings are illustrated. In the following six interventions, three different
types of shading devices, whose dimensions are 0.50 meters and 1-meter, are tested.
In this way, the effects of different types of shading and their dimensions can be tested

individually.
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Louvres Overhang Sidefins

Figure 3.19. Shading devices which are used for renovation strategies

Because the existing building was oriented through the south-east direction, overhangs
and sidefins are used together to control the sunlight. That is, the building cannot gain
solar light from south, east or west, directly. Therefore, the combination of the shading
is used. The combination of overhang and sidefins, louvres type shading, and the
combination of these three shading is tested. These interventions are explained in more

detail below.
Overhang + sidefins (R2.1)

To control the solar gain and to prevent direct solar light, firstly, overhang and sidefins
shading types are used together. Moreover, two different dimensions of these shadings
are also tested. The building is located at an angle of 22°. Therefore, these are applied
on southeast, northeast and southwest facades of the building. In Figure 3.20, the
orientation of the building can be seen.

Figure 3.20. The orientation of the building
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In this section, two shadings with different depth are examined. The first one, which

has 0.50 meters depth, is shown in Figure 3.21.

| ]
overhan g . -50cm [
sidefin—_
overhang —
sidefin

Figure 3.21. The section of the proposed shading devices for Renovation 2.1.1
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The other intervention has 1-meter deep shading devices. It is illustrated in Figure
3.22.

000

100 cm i

overhang

sidefin

overhang

sidefin

S,

Figure 3.22. The section of the proposed shading devices for Renovation 2.1.2

The materials of the shadings are determined as wood panels with 4 cm thickness.
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Louvre (R2.2)

The second intervention about shading is using louvre type shading device. In this
intervention, shadings are applied in two different dimensions to test and compare the
energy performance for cooling. Figure 3.23 and 3.24 show the sections of louvre type

shadings with different lengths of projections which are 50 cm and 100 cm.

The properties of these two shadings are demonstrated in Figure 3.23 and 3.24. These
shadings are mentioned in DesignBuilder software as 0.5 m and 1 m projection louvre.

Blade depth is changed in these situations, but the other parameters remain the same.

Edit local shading device - 0.5m projection Louvre

Local shading Data

General || Louvres || Sidefins | Overhangs

Louvre Blade Geometry 9 || | Louvres A
Louvres Enter details on the louvres, if fitted.
Number of blades 4
Vertical spacing (m) 0,300
Angle (%) 15,000 “ertical offset from top of
. window — f-——-——--
Distance from window (.. 0.300 E _______

Blade depth {m) 0,200 | Wertical spacing

1
____________ /
Vertical offset from win... 0.000 $ /:

» 1

Horizontal window overl... 0,000 ||7|  —S===mmmmmmmmo- )
! Wilindow

Distance from —=

.
window 1

E

1

Side Elevation
& Locked Library data [ Help Cancel 0K

Figure 3.23. Model data of 0.5m projection louvre
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Edit local shading device - 1.0m projection Louvre

Local shading Data

General || Louvres || Sidefins | Overhangs

Louvre Blade Geometry
Louvres

Louvres

Enter details on the louvres, if fitted.

Number of blades 4
Vertical spacing (m) 0.300
Angle (%) 15.000 “ertical offset from top of
window -
Distance from window (m) 0.300 I _______
Blade depth (m) 0,700 ~| Wertical spacing /?
Vertical offset from wind... 0.000 J ﬁ /
Horizontal window overla.. 0.000 ||| ======-=- ;?;.'/; i
| Louvre blades - /
|
Blade depth /
Angle |
(]
Distance from ﬁ:‘ &
window !
i
1
Side Elevation %

& Locked Library data Help [ | Cancel oK

Figure 3.24. Model data of 1.0m projection louvre

Figure 3.23 and 3.24 helps to demonstrate the parameters of louvre type shading.
These parameters can be arranged according to the demand of designers. After the
model data is determined as in figures above, these two are applied and simulated to
calculate the effects on the cooling demand of building. Moreover, Figure 3.25 shows
the section drawings of these interventions.
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Renovation 2.3.1 Renovation 2.3.2

Figure 3.25. The section drawings of Renovation 2.2.1 (blade depth 0.20m) and Renovation 2.2.2
(blade depth 0.70m)

Overhang + sidefins + louvre (R2.3)

In this intervention, three different types of shading are combined to obtain maximum

sunlight control. There are also two different projections with different lengths for
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testing. Figure 3.26 illustrates these two interventions with two projections, which are

the combination of three different shading types.

Overhang\—so cm-— overhang_\—mo cm

|Ouvre\ |ouvre\ /

sidefin—_ sidefin—_

‘\\\\(\\

overhang— | overhang—-

louvre—_ louvre | T

sidefin—_ sidefin—_

.\\\\(\\

Renovation 2.3.1 Renovation 2.3.2

Figure 3.26. The section drawings of Renovation 2.3.1 and Renovation 2.3.2

76



3.2.2.3. Renovation Strategy 3 (R3)

This renovation strategy is about observing the effects of glazing types on energy
consumption. In this strategy, two different types of ISICAM series are used instead
of existing glazing. In addition to that, to obtain the actual data after the simulations,
and to test the energy performance of the existing clear double glazing, ISICAM clear
double glazing is also simulated. In other words, to achieve reliable comparisons, it is
checked whether the thermal behaviours of existing windows and clear double glazing
of ISICAM series are similar or not.

In this section, three types of glazing, which are ISICAM clear double glazing,
ISICAM K, and ISICAM K+, are examined to reduce the cooling demand of building.

ISICAM- clear double glazing (R3.1)

In first intervention, the existing glazing type is changed with ISICAM clear double
glazing as mentioned above. The aim of this renovation is to test the similarities in the
thermal behavior of existing glazing and the intervention. Table 3.5 below gives
information on the existing and renovated glazing types; while Table 3.6 lists the

various glazing properties.

Table 3.5. Glazing types

Glazing Layers Existing Building R3.1
Outermost pane Clear 4mm Sisecam Clear 4mm
Air Gap 12mm Air 12mm Air
Innermost pane Clear 4mm Sisecam Clear 4mm

77



Table 3.6. Glazing properties

Properties Existing Building R3.1

Total solar transmittance 0,742 0,740
Light transmittance 0,801 0,820
U-value(W/m2K) 2,725 2,900

ISICAM K- thermal double glazing (R3.2)

In this section, ISICAM K series glazing types, which are double glazing window
composed of Sisecam Solar Low-E glazing at outer layer, 12mm air gap, and Sisecam
clear glazing at inner layer, are used for windows to increase the thermal performance
of the building. Glazing types are listed in Table 3.7, while glazing properties are given

in Table 3.8.
Table 3.7. Glazing types
Glazing Layers Existing Building R3.2
Outermost pane Clear 4mm Sisecam Solar Low-E 4mm
Air Gap 12mm Air 12mm Air
Innermost pane Clear 4mm Sisecam Clear 4mm

Table 3.8. Glazing properties

Properties Existing Building R3.2

Total solar transmittance 0.742 0.410
Light transmittance 0.801 0.720
U-value(W/m?K) 2.725 1.600
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ISICAM K+ - thermal triple glazing (R3.3)

Triple glazed windows have better thermal performances, so to improve the thermal

performance of the building, the existing windows are changed with triple glazed ones.

While Table 3.9 shows the glazing types, glazing properties can be seen in Table 3.10.

Table 3.9. Glazing types

Glazing Layers Existing Building R3.3
Sisecam Solar Low-E
Outermost pane Clear 4mm 4mm
Air Gap - 16mm Air
Pane 2 - Sisecam Clear 4mm
Air Gap 12mm Air 16mm Air

Sisecam Solar Low-E
Innermost pane Clear 4mm 4mm

Table 3.10. Glazing properties

Properties Existing Building R3.3

Total solar transmittance 0.742 0.330
Light transmittance 0.801 0.640
U-value(W/m?K) 2.725 0.700

While triple glazed windows have great advantages because of their thermal
performances, there are also some disadvantages. In other words, triple glazed
windows improve the thermal comfort more than double glazed ones for the spaces
which are close to the windows. However, they are expensive, and they require
stronger hinges and frames (Portatec, 2018). In the lights of the information above,

the interventions are applied and then, the simulations are run.
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3.2.2.4. Renovation Strategy 4 (R4)

In this intervention, the courtyard is created instead of the atrium at the center of the
building. That is, the atrium space redesigned as an open-air courtyard. Courtyards
have been used for centuries for social and cultural interactions, and environmental
benefits (Almhafdy et al., 2013a). Huang et al. (2014) claims that courtyards have a
great potential to passively cool the buildings. Therefore, reducing the cooling demand

of the building is aimed at while applying this bioclimatic intervention.

While creating the courtyard, the area of the space, which is required to cool, is
decreased. In addition to that, cross ventilation is promoted. Moreover, overheating
which is caused by fixed skylights can be prevented by creating courtyard at the center
of the building. Finally, by using 20x40 cm wooden purlins at the roof, it is tried to
prevent courtyard from direct solar light. Figure 3.27 demonstrates the section
drawing of the intervention while Figure 3.28 shows the image taken from 3D Model

drawn in DesignBuilder.

«

10
j IR R R RREREREROEDRQ
peo =T Unoccpie HArea[ Unc}ccup"ed Afea | [T
T 1 I
il | Office Area Office Area
t‘o 3rd FLOOR I_l
i Office Area Office Area
é 2nd FLOOR I Courtyard
L—’ | 5 222 —1 =
5o | Office Area Office Area
300 1st FLOOR
%) Z i % 7
2 Office Area Office Area
+1.80
v GROUND FLOOR
+1.20 T
v
1 17
¥ 2 3
Storage Storage Storage Storage I

& BASEMENT FLOOR -
e e 5 5 = I > 1 2 z = -
g 2 : : ]
3.00 |
-

Figure 3.27. The section drawings of the propose courtyard for Renovation 4
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Figure 3.28. 3D Model of Renovation 4 produced in DesignBuilder

3.2.2.5. Renovation Strategy 5 (R5)

In renovation strategy 5, night ventilation is promoted as the next important
bioclimatic intervention. This issue is examined in literature review chapter and
according to the studies, it is one of the most efficient strategies for hot and humid
climates. The reason why night ventilation is quite efficient for passive cooling is that
the outside temperature in hot and humid climates is always higher than thermal
comfort range in daytime. In existing case, natural ventilation is promoted manually
and there is no other system serving to it. Because of these reasons, the schedule of
natural ventilation is rearranged according to the outside dry-bulb temperature. Figure
3.29 and 3.30 demonstrate the dry-bulb temperature of Antalya hourly. These figures
are taken from Climate Consultant software. While arranging the new schedule, these

data are used as guidelines.
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Figure 3.29. Daily Dry Bulb Temperature of Alanya
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Figure 3.30. Monthly Dry Bulb Temperature of Alanya




From the figures (Figure 3.29 and 3.30), it can be understood that the outside dry bulb
temperature never become less than the thermal comfort requirements during the
office hours of the municipality. Because of that, when promoting natural ventilation
in daytime, the fresh but warmer air coming from outside can raise the temperature
inside. For the simulation of existing situation, the schedule of natural ventilation is
specified between the hours 07:00 am and 07:00 pm. This situation causes increasing
energy demand for cooling. Therefore, the arrangement of schedule of natural
ventilation can help to decrease cooling energy demand. New schedule of natural
ventilation is generated from the figures above. It can be seen that outside dry bulb
temperature decreases under the thermal discomfort value between the hours 11:00
pm and 07:00 am. For this reason, the schedule of natural ventilation is arranged

between these hours. Consequently, night ventilation is promoted.
3.2.2.6. Renovation Strategy 6 (R6)

Five main bioclimatic interventions up to now are applied and tested individually. For
the last two interventions, the most efficient ones in terms of energy performance are

combined for optimization of the building in the matter of cooling energy demand.
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Figure 3.31. The section drawing of the combined interventions for Renovation 6
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The proposed courtyard and a new roof design proposal are used for both of last two
strategies. In renovation strategy 6, in addition to the proposed courtyard, ISICAM K
series glazing types are used instead of existing ones. Moreover, the combination of
overhang, sidefins, and louvre type shadings are applied to the windows. Lastly, night
ventilation is introduced in the building. In short, in this strategy, the interventions
which are R2.3.2, R 3.2, R4, and R5 are combined and simulated concurrently. Figure

3.31 illustrates the section drawing of this intervention.
3.2.2.7. Renovation Strategy 7 (R7)

The last intervention is the combination of new roof design and other strategies. In
other words, R1.6, R2.3.2, R3.2, and R5 are applied and simulated. Figure 3.32 shows

the section drawing of this intervention.
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Figure 3.32. The section drawing of Renovation 7 (Drawn by Author)
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CHAPTER 4

RESULTS AND DISCUSSIONS

Simulation results of each renovation strategy are presented in this chapter. The results
of each strategy mentioned in method section above are examined in different sections.
Thereby, it can be seen that how these interventions are effective for decreasing
cooling demand for the existing building in hot and humid climate.

4.1. Simulation Results of Existing Building

The building was modeled as it exists with the characteristics given in the previous
section and then simulated to determine its cooling energy consumption during the
three hottest months; i.e. the days between 1st June to 31th August. The amount of
electric energy consumed to cool it was found to be 122024.84 kWh as can be seen in
Table 4.1. In order to reduce the energy demand for cooling the building, nineteen
different renovations strategies were applied and simulated. These are grouped as

seven main strategy. The impacts of these strategies are explained in detail below.

Table 4.1. Cooling energy consumption in existing building

Cooling Energy Consumption in
Summer month Existing Building (kWh)
June 32689.14
July 43294.70
August 46041.00
TOTAL 122024.84
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4.2. Simulation Results of Existing Building

In this section, the results of the energy simulation for the six proposed interventions
for the roof are given separately. The results obtained for each intervention with regard
to the energy consumption are also compared individually with the base case data.

4.2.1. Bioclimatic Interventions

The first strategy about the roof is about changing roof coverings. It is aimed at
decreasing the energy consumption for cooling by applying a green roof instead of the

existing roof. Table 4.2 shows the energy consumption for both monthly and total

cooling.
Table 4.2. Cooling energy consumption in R.1.1
Cooling Energy Reduction in
Consumption for R.1.1 Consumption (%)
Summer month (kWh)
June 32536.95 0.47
July 42784.98 1.18
August 45562.39 1.04
TOTAL 120884.32 0.93

The simulation results for the building in terms of total energy consumption for
cooling show that 120884.32 kWh are consumed. Hence, by applying this strategy,
the energy demand of the building was decreased by 1140.52 kWh for three months.

That is, 0.93% energy conservation was achieved.

4.2.2. Simulation Results of R.1.2

The second strategy about the roof is about changing glazing of the skylights. By
changing the existing glazing with ISICAM K series glazing, this intervention is

simulated. Table 4.3 shows the energy consumption of this strategy for cooling.
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Table 4.3. Energy consumption of R.1.2

Cooling Energy Reduction in
Consumption for R.1.2 Consumption (%o)
Summer month (kWh)
June 30906.01 5.45
July 41427.16 4.31
August 44121.36 4.17
TOTAL 116454.53 4.56

It is simulated that 116454.54 kWh energy are consumed for the cooling. As a
consequence, total energy consumption was decreased by 5570.31 kWh at the days
between 1st June- 31th August by applying R.1.2 strategy. In other words, 4.56%

energy conservation was achieved.
4.2.3. Simulation Results of R.1.3

For the Renovation 1.3, roof is redesigned to control the direct sunlight and promote
the natural ventilation. By this way, the design is simulated. Hence, 8853.32 kWh
energy was saved for three months as it can be seen in Table 4.4. Hereby, energy

consumption was decreased by 7.26%.

Table 4.4. Energy consumption of R.1.3

Cooling Energy Reduction in
Consumption for R.1.3 Consumption (%)
Summer month (kWh)
June 29868.84 8.63
July 40283.37 6.96
August 43019.31 6.56
TOTAL 113171.52 7.26

4.2.4. Simulation Results of R.1.4

Renovation 1.4 was applied to the flat roof of the new design with the 1-meter

projection in each direction.
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Table 4.5. Energy consumption of R.1.4

Cooling Energy Reduction in
Consumption for R.1.4 Consumption (%o)
Summer month (kWh)
June 29601.48 9.45
July 39995.43 7.62
August 42687.13 7.26
TOTAL 112284.04 7.98

When obtaining the simulation results of this intervention, it can be seen that 9740.80
kWh energy was saved for three months. Table 4.5 demonstrates monthly and total

energy consumptions. In this way, energy consumption was decreased by 7.98%.
4.2.5. Simulation Results of R.1.5

In the Renovation 1.5, the existing glazing types were changed with ISICAM K

glazing types in the new roof design. Table 4.6 shows the simulation results.

Table 4.6. Energy consumption of R.1.5

Cooling Energy Reduction in
Consumption for R.1.5 Consumption (%)
Summer month (kWh)
June 29602.01 9.44
July 40034.06 7.53
August 42742.24 7.16
TOTAL 112378.31 7.91

By applying this strategy, 9646.53 kWh energy for cooling was saved. In other words,

there is a decrease by 7.91%.
4.2.6. Simulation Results of R.1.6

The last strategy of the roof is the combination of new glazing system, 1-meter
projection and new roof design. Table 4.7 illustrates the monthly energy consumption
for cooling.
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Table 4.7. Energy consumption of R.1.6

Cooling Energy Reduction in
Consumption for R.1.6 Consumption (%o)
Summer month (kWh)
June 29459.72 9.88
July 39875.94 7.90
August 42578.63 7.52
TOTAL 111914.29 8.29

This strategy saves 10110.55 kWh energy. Moreover, it is achieved that 8.29% energy
was saved by applying this strategy.

4.3. Simulation Results of R.2

The results of the energy analysis about six different shading types are given in this
section. They are gathered three different sub-headings which are R2.1, R2.2, R2.3

because three different type of shadings are applied.
4.3.1. Simulation Results of R.2.1.1

For the first strategy about shading, 0.5 meters length overhang and sidefins type
shading are applied for the windows. The results of this intervention can be seen in
Table 4.8.

Table 4.8. Energy consumption of R.2.1.1

Cooling Energy
Consumption for R.2.1.1

Reduction in
Consumption (%o)

Summer month (kWh)
June 31237.50 4.44
July 41794.29 3.59
August 44517.56 3.31
TOTAL 117549.35 3.67

When applying this intervention, 4475.49 kWh energy was saved. That is, %3.67

energy saving was achieved.
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4.3.2. Simulation Results of R.2.1.2

In this strategy, 1-meter length shadings which are overhang and sidefins are used and

simulated. Table 4.9 shows the monthly and total energy consumption results.

Table 4.9. Energy consumption of R.2.1.2

Cooling Energy
Consumption for R.2.1.2

Reduction in
Consumption (%o)

Summer month (kWh)
June 30310.40 7.28
July 40808.55 5.74
August 43458.56 5.61

TOTAL

114577.51

6.10

In the light of this data, the energy demand of the building was reduced to 114577.51

kwWh. Hence, energy consumption was decreased by 7447.33 kWh by using this

strategy; i.e. 6.10% energy conservation was achieved for three summer months.

4.3.3. Simulation Results of R.2.2.1

Louvre type shadings with 0.5 meters length are applied for the windows in this

strategy. The simulation results can be seen in Table 4.10.

Table 4.10. Energy consumption of R.2.2.1

Cooling Energy
Consumption for R.2.2.1

Reduction in
Consumption (%o)

Summer month (kWh)
June 31087.16 4.90
July 41608.80 3.89
August 44067.43 4.29
TOTAL 116763.39 4.31

As aresult, energy demand for consumption was decreased by 5261.45 kWh by using

this strategy. In other words, this value represents the decrease of energy usage by

%4.31.
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4.3.4. Simulation Results of R.2.2.2

In this strategy, unlike the previous one, the lengths of louvre type shadings were

increased to 1 meter. The energy demand of this strategy can be seen in Table 4.11.

Table 4.11. Energy consumption of R.2.2.2

Cooling Energy
Consumption for R.2.2.2

Reduction in
Consumption (%o)

Summer month (kWh)
June 31087.16 4.90
July 41608.80 3.89
August 44067.43 4.29
TOTAL 116763.39 4.31

When applying this intervention, 8746.09 kWh energy was saved. That is, %7.17

energy saving was achieved.

4.3.5. Simulation Results of R.2.3.1

The combination of three shading types with 0.5 meters length are applied in this

strategy. Table 4.12 illustrates the energy consumption of renovated building.

Table 4.12. Energy consumption of R.2.3.1

Cooling Energy
Consumption for R.2.3.1

Reduction in
Consumption (%0o)

Summer month (kWh)
June 30093.06 7.94
July 40580.14 6.27
August 43052.17 6.49
TOTAL 113725.37 6.80

The energy demand of the building was reduced to 113725.37 kwWh. Therefore, when

applying this strategy, energy consumption was decreased by 8299.47 kWh by using

this strategy. Hence, 6.80% energy conservation was achieved.
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4.3.6. Simulation Results of R.2.3.2

The last strategy about shadings is the combination of three shading types with 1-

meter length. Table 4.13 shows the energy simulation results.

Table 4.13. Energy consumption of R.2.3.2

Cooling Energy Reduction in
Consumption for R.2.3.2 | Consumption (%)
Summer month (kWh)
June 29233.61 10.57
July 39722.03 8.25
August 42163.63 8.42
TOTAL 111119.27 8.94

In the light of this data, the energy demand of the building was reduced to 111119.27
kWh. Hence, energy consumption was decreased by 10905.57 kWh by using this

strategy; i.e. 8.94% energy conservation was achieved for three summer months.

4.4. Simulation Results of R.3

To observe the effects of glazing types on energy demand of the building, the energy

simulation results of three different glazing is tested in this chapter.

4.4.1. Simulation Results of R.3.1

To make the comparisons between ISICAM glazing series and the existing window
glazing more reliable, firstly, clear double glazing from ISICAM was tested as the
glazing materials of the building. The results of the simulation can be seen in Table
4.14.
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Table 4.14. Energy consumption of R.3.1

Cooling Energy Reduction in
Consumption for R.3.1 Consumption (%o)
Summer month (kWh)
June 32692.46 0.01
July 43282.32 0.02
August 46019.72 0.04
TOTAL 121994.50 0.02

After the simulation, the difference of the energy demand between the ISICAM clear
double glazing and existing glazing is obtained as 30.34 kWh; i.e. %0.02 energy
consumption change is occurred. Because of that, it can be said that the thermal

behavior of these two glazing types are similar.
4.4.2. Simulation Results of R.3.2

In this strategy, ISICAM K series glazing types are applied and tested. The energy

consumption results for cooling are given in Table 4.15.

Table 4.15. Energy consumption of R.3.2

Cooling Energy Reduction in
Consumption for R.3.2 Consumption (%0o)
Summer month (kWh)
June 30136.61 7.81
July 40462.53 6.54
August 43063.12 6.47
TOTAL 113662.26 6.85

By this strategy, 8362.58 kWh energy was saved. This means that %6.85 energy

conservation was achieved.
4.4.3. Simulation Results of R.3.3

ISICAM K+ thermal triple glazed windows are applied instead of existing ones in this

strategy. The results of these strategies can be seen in Table 4.16.
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Table 4.16. Energy consumption of R.3.3

Cooling Energy Reduction in
Consumption for R.3.2 Consumption (%o)
Summer month (kWh)
June 29475.21 9.83
July 39629.23 8.47
August 42222.52 8.29
TOTAL 111326.96 8.77

The energy demand of the building was reduced to 111326.96 kWh. Hence, energy
consumption was decreased by 10697.88 kWh by using this strategy; i.e. 8.77%

energy conservation was achieved for three summer months.
4.5. Simulation Results of R.4

In this strategy, the courtyard is designed instead of the atrium. Table 4.17 shows the

results of the simulation.

Table 4.17. Energy consumption of R.4

Cooling Energy Reduction in
Consumption for R.4 Consumption (%)
Summer month (kWh)
June 28578.53 12.57
July 37840.96 12.60
August 40595.28 11.83
TOTAL 107014.77 12.30

The results show that the energy demand was decreased to 107014.77 kWh. Therefore,
15010.07 kWh energy was saved. By this way, energy consumption was reduced by
%12.30.

4.6. Simulation Results of R.5

In renovation strategy 5, night ventilation is promoted. Table 4.18 shows the results
of the simulation.
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Table 4.18. Energy consumption of R.5

Cooling Energy
Consumption for R.5

Reduction in
Consumption (%o)

Summer month (kWh)
June 16024.08 50.98
July 19324.47 55.37
August 20506.65 55.46
TOTAL 55855.20 54.23

In the light of this data, the energy demand of the building was decreased to 55855.20

kwWh. Hence, energy consumption was decreased by 66169.64 kWh by using this

strategy; i.e. 54.23% energy conservation was achieved for three summer months.

4.7. Simulation Results of R.6

In this strategy, R2.3.2, R 3.2, R4, and R5 are combined together because of their high

percentage energy saving. The results of the renovation 6 can be seen in Table 4.109.

Table 4.19. Energy consumption of R.6

Cooling Energy
Consumption for R.6

Reduction in
Consumption (%o)

Summer month (kWh)
June 10415.78 68.14
July 13059.69 69.84
August 14103.20 69.37
TOTAL 37578.67 69.20

By applying renovation 6, the total energy demand for summer months was decreased
to 37578.67 kWh. That is, 84446.17 kWh energy was saved. In other words, the

energy consumption for cooling was reduced by %69.20.
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4.8. Simulation Results of R.7

In this strategy, R1.6, R2.3.2, R3.2, and R5 are applied and simulated to reduce energy
demand of the existing building. Table 4.20 demonstrates the results of the renovation
1.

Table 4.20. Energy consumption of R.7

Cooling Energy Reduction in
Consumption for R.7 Consumption (%o)
Summer month (kWh)
June 9947.46 69.57
July 12635.78 70.81
August 13742.65 70.15
TOTAL 36325.89 70.23

When considering this strategy and the simulation results, the total energy demand
was decreased to 36325.89 kWh for summer months. Hence, energy demand was

reduced by 85698.95 kWh. In other words, %70.23 energy saving was achieved.
4.9. Evaluation of All Strategies

While evaluating the results of all strategies explained in detail above, firstly, the
strategies are compared among themselves. In other words, there are several
interventions in the section of roof, shading and glazing, so they are evaluated
individually. Then, the most efficient ones of them and the other strategies are

presented all together.

Hence, six roof strategies are compared firstly. Then, six shading strategies are
evaluated. After that, three glazing strategies are examined. Lastly, seven different

strategies are evaluated and discussed.

Firstly, the data of six strategies belonging to the roof is presented in Table 4.21 below.

96



Table 4.21. Three months energy simulation results of existing building and roof renovations.

Cooling Energy Consumption for Roof Strategies (1st June- 31st August)
Energy Demand | Reduction in
Strategies About Roof in (kwh) Demand (%)
Existing building 122024.84 -
Green roof (R1.1) 120884.32 0.93
Glazing change of the skylights (R1.2) 116454.53 4.56
New roof design (R1.3) 113171.52 7.26
New roof design + projection (R1.4) 112284.04 7.98
New roof design + glazing (R1.5) 112378.31 7.91
New roof design +projection+ glazing (R1.6) 111914.29 8.29

As shown in the Table 4.21, most efficient strategy is Renovation 1.6 which is
composed of the new roof proposal with 1-meter eaves and ISICAM K series glazing
type. Green roof instead of copper covered roof provides 0.93% decrease for energy
consumption. The main reason why the lower value belongs to green roof is that the
existing roof system is an insulated cool roof, so it is already a good application for
preventing the roof from overheating. For this case, green roof also provides decreased
consumption. The reason why the new roof proposal is the most effective for energy
saving is not only preventing the atrium from direct sun light, but also enabling for

hot air release from the roof.

Secondly, the energy demand of shading strategies which are in different lengths and

types are presented in Table 4.22.
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Table 4.22. Three months energy simulation results of existing building and shading renovations.

Cooling Energy Consumption for the Strategies about Shading Devices
(1st June- 31st August)
Energy Demand | Reduction in
Strategies About Shading Devices in (kwh) Demand (%)
Existing Building 122024.84 -
Overhang+ sidefins 0.50 meters (R2.1.1) 117549.35 3.67
Overhang+ sidefins 1.00 meters (R2.1.2) 114577.51 6.10
Louvre 0.50 meters (R2.2.1) 116763.39 4.31
Louvre 1.00 meters (R2.2.2) 113278.75 7.17
Overhang+ sidefins+ louvre 0.50 m (R2.3.1) 113725.37 6.80
Overhang+ sidefins+ louvre 1.00 m (R2.3.2) 111119.27 8.94

When analyzing Table 4.22, it can be said that for shading devices, louvre type is more
efficient than combination of the shadings types which are overhang and sidefins
because it decreases the penetration of daylight to inside. Because of that, when these
three types of shadings are applied together to windows, the best outcome is achieved.
In addition to that, it can be understood that the length of the shadings has important
role for sunlight control. However, to ensure that the view does not become obstructed,
maximum 1-meter length of shadings have been tested. As a result, while 0.50-meter
shading devices provide 3.67 to 6.80% energy conservation, 1-meter shading depth
help to reduce energy consumption from 6.10 to 8.94%.

Thirdly, thermal behaviors of three different glazing types are compared in Table 4.23

below.
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Table 4.23. Three months energy simulation results of existing building and different glazing types

tested.

Cooling Energy Consumption for Glazing Strategies (1st June- 31st August)

Energy Demand

Reduction in

Strategies About Glazing in (kWh) Demand (%)
Existing Building 122024.84 -
ISICAM clear double glazing (R3.1) 121994.50 0.02
ISICAM K thermal double glazing (R3.2) 113662.26 6.85
ISICAM K+ thermal triple glazing (R3.3) 111326.96 8.77

Using ISICAM thermal glazing types instead of clear glazing causes 6.85 to 8.77%

reduction in energy consumption. As mentioned before, R3.1 is simulated for testing

the similarities between the existing glazing type and ISICAM clear double-glazing

type. The results show that they are acting very similar so it can be said that the

simulation outputs of other ISICAM glazing types can be compared with the existing

situation.

The data based on simulations carried out to determine the energy consumption for

cooling the existing building as well as for each energy saving strategy is presented in

Table 4.24 below.
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Table 4.24. Three months energy simulation results of existing building and all renovations.

Cooling Energy Consumption for All Strategies (1st June- 31st August)
Energy Demand | Reduction in
Strategies in (kwh) Demand (%)
Existing Building (Base case) 122024.84 -
New roof design +projection+ glazing (R1.6) 111914.29 8.29
Overhang+ sidefins+ louvre 1.00 m (R2.3.2) 111119.27 8.94
ISICAM K thermal double glazing (R3.2) 113662.26 6.85
Courtyard (R4) 107014.77 12.30
Night cooling (R5) 55855.20 54.23
Combination of R4+ R2.3.2+ R3.2+ R5 (R6) 37578.67 69.20
Combination of R1.6+ R2.3.2+ R3.2+ R5 (R7) 36325.89 70.23

From the table above it can be seen that decreasing energy consumption for cooling
was achieved by each intervention individually and in combination too. In Figure 4.1,
the graph shows the simulation outputs to compare total energy consumption of

existing building and renovations.

Total Energy Consumption for Cooling
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Existing R3.2 R1.6 R2.3.2 R4 R5 R6 R7

Figure 4.1. Total energy consumption of all situations
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When analyzing Figure 4.1, it can be said that rescheduling the natural ventilation is
the most effective intervention for decreasing the energy consumption in this study.
The reason is that the weather of Alanya in summer is extremely hot and humid. In
other words, dry bulb temperature of outside is always higher than thermal comfort
range in summer months in working hours of municipality. Because of that, it can be
understood that promoting the natural ventilation when the value of outside
temperature is in the thermal comfort range is the best individual way for this study.
Moreover, controlling the sunlight and preserving the building from overheating help
to decrease energy consumption for cooling. When these strategies are applied
together as in R6 and R7, the reduction in energy consumption as compared to the
existing building case as low as 69.20 and 70.23%, respectively. As a result, when the
roof was redesigned, the glazing types were changed, shading devices were used, and
finally the night ventilation was promoted, the greatest amount of decrease (i.e.
70.23%) in the energy demand was achieved.
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CHAPTER 5

CONCLUSION

During the past few decades, when the effects of climate change started to be felt, the
terms sustainable design and passive design started to gain popularity in the realm of
architectural design (Watson, 1989). It is a widely accepted fact that climate change
Is the result of increasing greenhouse gas emissions in the atmosphere, which are
produced by the increasing consumption of fossil fuels. This state of affairs is
manifesting itself in the form of global warming; hence, there is need to decrease
energy consumption or change the type of energy resources to mitigate the risks of
global warming (Xu, Huang, Liu, & Zhang, 2016).

While economic and social consciousness are increasing, people’s demand for thermal
comfort has also been increased. The main effect which causes increasing energy
consumption is also the effort of providing thermal comfort that is for space heating

in winter and space cooling in summer (Li, Yang, & Lam, 2012).

Energy consumption issue should also be addressed by renovating existing building
to environmentally conscious one by employing bioclimatic strategies. The aim of this
research was to implement the most effective interventions and observe changes in
selected building by using energy simulation program and applying sustainable

bioclimatic principles.

As a case study, the Alanya Municipality Building was selected for renovation. The
reason why Alanya was chosen is the city’s hot and humid climate, where energy use
for cooling is extremely high. Moreover, the motivation behind choosing municipality
building was to present outputs and reports to the decision makers and to demonstrate

to them the role of architects in reducing the energy consumption.
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For hot and humid climates, controlling sunlight and preventing the building from
overheating are the key strategies for cooling. In addition to that, organizing the
natural ventilation especially night ventilation and stack ventilation is highly effective
for obtaining thermal comfort with less energy consumption. Therefore, the
renovations were designed to apply the bioclimatic interventions which are about

promoting these ventilation strategies, and reducing the heat gains.

In this study, the renovation methods were applied not only individually but also in
combination. By this way, it is tested that when parameters change, the energy
behavior of the building was affected by these changes. In short, in this research, these
interventions were examined individually, and then they were combined to obtain the
most effective proposal for the existing building which is located in hot and humid

climate.

As a conclusion, this study demonstrates how the bioclimatic interventions that have
traditionally been used for many years, namely basic architectural design decisions,
which are environmentally conscious, and contextually effective in reducing the
cooling energy of the existing buildings. In order to achieve the effects of these
interventions, numerical data and predictions about building performance should be
generated. Because of that, this aim was achieved by testing and simulating the

existing building by using energy simulation software.
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APPENDICES

A. SIMULATION SETTINGS

In this section, the settings of the simulation software are presented. Firstly, activity
tab of the software is demonstrated. In the software, the tabs about activity,
construction, opening, and HVAC have the key properties and settings for the
simulation. The settings in these tabs affect the results directly, and also, they provide
arranging the parameters of existing situation and different interventions applied for
reducing the cooling demand of the building. Moreover, the model option tab is also
illustrated in this section. The settings in this tab provide determining the HVAC
setting whether it is simple or detailed. In addition to that, natural ventilation setting
in this tab specifies whether it is scheduled and calculated. These settings should be

arranged according to the building behavior.

Firstly, the settings in activity tab are presented. These settings are about the building
usage and general properties of building. In other words, the settings in this tab is
about the density of occupancy, the activity schedule of the building, and
environmental control. Environmental control settings provide controlling of the
setback temperatures for cooling, heating, and natural ventilation. Because of that,

these settings remain same for all renovation strategies.

Secondly, construction tab shows the all material properties for the walls, slabs, floors,
and roof of the building. That is, when changing the materials, the settings in this tab
should be changed. In the opening tab, the material properties of glazing which is used
for windows, skylights, and doors can be arranged. The properties of the frames and
dividers of the windows, skylights, and doors are also assigned in this tab. Moreover,
the aperture properties of openings can be specified in this tab when the natural
ventilation of the model is determined as calculated. However, in this study, natural
ventilation is assigned as scheduled. In addition to that, shading devices can be added

in this tab. Lastly, in HVAC tab, templates can be selected. Nevertheless, the settings
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of these templates can be changed. The properties of mechanical ventilation, heating,
cooling, and natural ventilation can be set in this tab.

In short, the settings of the renovation strategies, and the existing building are
presented in this section. In other words, this section shows the material properties of
roof, and window glazing. In addition to that, the properties of shading devices, and

the schedules of natural ventilation are presented in detail below.
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Equipment

Gain (Wim2) 11.77
Schedule Office_OpenOff_Equip
Radiant fraction 0.200

o Miscellaneous
O0n
« Catering

Oon

% Process

Figure A.1. Data of activity tab which was used for all simulations
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Edit activity template - Generic Office Area

Activity templates Data
| General | AllGains | Occupancy | OtherGains | DHW | Environmental control |

vVEZ+aE 4>

Density (people/m2) 0.1110

. Schedules ¥ o
Lstent fraction. 05000 Office. OpenOff_Cool ~
Metabolic Hea Office_OpenOff_Equip

‘ Metabolic rate Light office work/StandingMalking Ofice_OpenOf_Heel

Office_OpenOff_Light

Metabolic factor {0 85 for women. 0.75 children) 0.90 Ofice_OpenOff_Occ

Office_Plant_Cool
ona 700 = Office_Plant_Equip
Office_Plant_Heat
T T T ' ' ' T
Ofat 1900 5 0123456789 101112131415161718192021222324 Office_Plant_Light
Office_Plant_Occ
Days / week 5 = Office_Reception_Cool
Ofice_Reception_Equip
Office_OpenOff_Oco | | St <
Data Report (Not Editable) ¥
General

Office_OpenOff_Occ

Building: OFFICE Area: OPEN PLAN OFFICE
Source UK NCM
Category Offices / Work
‘& Region General
Schedule type 2-Compact Sc

Profiles =

Schedule:Compact.

For: Weekdays SummerDesignDay.

Until: 07:00. 0.

Until: 08:00, 0.25.

Until: 09:00,06.

Until: 12:00. 1.

Until: 14:00, 0.76.

Unfil- 17:00 1 -

& Locked Library data Hop || Concel ek

€ Construction Template

GpTemplate Project construction template
= _Construction
<yExternal walls Alanya Municipality Wall
<yBelow grade walls Alanya basement wall
<pFlat roof AlanyaRoof
=y Pitched roof (occupied) Alanya pitched roof
<yPitched roof (unoccupied) Alanya Project unoccupied pitched roof
<yInternal partitions Alanya Project partition
Semi-Exposed
=pSemi-exposed walls Project semi-exposed wall
“pSemi-exposed ceiling Project semi-exposed ceiling
“pSemi-exposed floor Project semi-exposed floor
Floors v
=pGround floor Alanya Project ground floor
<pBasement ground floor Alanya Project basement ground floor
<yExternal floor Alanya Project external floor
<ylInternal floor Alanya Project internal floor
Sub-Surfaces
Internal Thermal Mass
Component
Geometry. Areas and Volumes
Surf;
Linear Thermal Bridging at Junctions
Airtights
Model infiltration
Constant rate (ac/h) 0.300
(4 Schedule On 24{7

Delta T and Wind Speed Coefficients

Figure A.3. Construction materials which were used for all strategies except for green roof
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¢ Construction Template

GpTemplate Project construction template
= Construction

<yExternal walls Alanya Municipality Wall

<yBelow grade walls Alanya basement wall

<pFlat roof GreenRoof

=yPitched roof (occupied) Alanya pitched roof

=y Pitched roof {unoccupied) Alanya Project unoccupied pitched roof

<yInternal partitions Alanya Project partition

Semi-Exposed
“pSemi-exposed walls Project semi-exposed wall
“pSemi-exposed ceiling Project semi-exposed ceiling
“pSemi-exposed floor Project semi-exposed floor

Floors
=3pGround floor Alanya Project ground floor
<yBasement ground floor Alanya Project basement ground floor
<yExternal floor Alanya Project external floor

<ylInternal floor Alanya Project internal floor
Sub-Surfaces
Internal Thermal M
Component Bl

Constant rate {(ac/h) 0.300
Schedule On 2417

Figure A.4. Construction materials which were used for green roof strategy (R1.1)
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r Glazing Template
@ Template

n BExternal Windows

Double glazing. clear. no shading

mGlazing type
@Layout

Dbl Cir 4mm{12mm Air
Preferred height 1.5m. 30% glazed

Type
Window to wall %6

Window height {m)
Window spacing {m)
Sill height (m)

oveal

Frame and Dividers

3-Preferred height -
30,00
1.50

5.00
0.80

Has a frame/dividers?
~3Construction

Frame and Dividers
Has a frame/dividers?
“3Construction
Horizontal dividers
Vertical dividers
Frame width {m)
Divider width (m)

<yligh ts

Aluminium window frame (with thermal break)

Sgl Cir 4mm
No glazing

Aluminium window frame (no break)
1

1

0,0400

0.0200

4mm Polycarbonate
No roof glazing

Figure A.5. Properties about the openings of existing building
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¢ Glazing Template

GeTemplate
w External Windows
X Internal Windows

Double glazing. clear. no shading

% Sloped Roof Windows/Skylights
(P Glazing type ISICAM K Dbl Cir 4mm{12mm Air
@ Layout No roof glazing

ns

Free Aperture »|

Figure A.6. Opening properties of the renovated roof glazing for the renovation (R1.2)

Figure A.7 illustrates the properties for the shading renovation (R.2.3.2) in opening
tab of the simulation software. The settings of other renovations about the shadings

are applied like this way.

€ Glazing Template
GpTemplate Double glazing, clear. 1m shading

n External Windows

[77/Glazing type| Dbl Clr 4mmj12mm Air

@ Layout Preferred height 1.5m. 30% glazed

Dimensions v
Type 3-Preferred height -
Window to wall 24 30.00
Window height (m) 1,60
Window spacing (m) 5,00

Sill height (m) 0,80
Reveal
and Dividers
Shading
O Window shading
Local shading
=Type Louvre. 1.0m + 1m overhangs and sidefins
Airflow Control Windows
Free Aperture
& Internal Windows

% Sloped Roof Windows/Skylights
o

Figure A.7. Opening properties of the shadings for the renovation (R2.3.2)
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¢ Glazing Template

GeTemplate Double glazing. clear, no shading
n External Windows

(mGlazing type ISICAM NORMAL Dbl CIr 4mmj12mm Air

@dLayout Preferred height 1.5m. 30% glazed

Dimensions v
Type 3-Preferred height -
Window to wall %4 30,00
Window height {m) 1.50
Window spacing (m}) 5.00

Sill height {m) 0.80

Figure A.8. Opening properties of the first glazing strategy (R3.1)

Template Double glazing. clear. no shading

(7 Glazing type ISICAM K Dbl Cir 4mmj12mm Air
@Layout No roof glazing

Free

1S »

Figure A.9. Opening properties of the renovation about glazing (R3.2)
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& Glazing Template

GpTemplate Triple glazing, clear, no shading
n External Windows

@ Glazing type ISICAM K+ Triple

@Layout Preferred height 1.5m. 30% glazed

Dimensions
Type 3-Preferred height i
Window to wall %4 30.00
Window height {m) 1.50
Window spacing (m) 5,00
Sill height (m) 0,80

Figure A.10. Opening properties of the triple glazed windows (R3.3)
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W

SISECAM

P

DUZCAM

Performans Hesaplayici

Isicam® Sistemleri

DI$ CAM : Sisecam Renksiz Diizcam
4 mm Renksiz

BOSLUK : 12 mm Ara Bosluk (Hava)

iC CAM . Sisecam Renksiz Diizcam

4 mm Renksiz

Giin Isi1g1 Gegirgenligi : %82
Gun Isig1 Degerleri (EN 410) Giin Isig1 Disa Yansitma %15
Giin Isig1 ige Yansitma : %15
Giines Enerjisi Direkt Gegirgenligi : %74
Giines Enerjisi Disa Yansitma : %13
Gilines Enerjisi Sogurma : %13
Gunes Enerjisi Degerleri (EN 410)  Giines Enerjisi Toplam Gegirgenligi b
(Solar Faktor / g)
Golgeleme Katsayisi : 0,90
UV Gegirgenlik : %53
Isi Gegirgenlik Katsayisi (EN 673) U Degeri Wi(m?K) 129
Gurdltd Yalittim Degeri (EN 12758) Rw (C; Ctr) dB 1 29(-1;4)
Bu Unite ile;
- Isi Kontroli

saglanmaktadir.

"Gun Isig" ve "Giines Enerjisi" degerleri, EN 410 standartlarina uygun olarak laboratuvar ortaminda élglilmis spektral veriler kullanilarak hesaplanmistir.

Ist gegirgenlik katsayisi olan U degeri EN 673 standardina uygun olarak hesaplanmistir. U de@eri hesabinda kullanilan yayinim (emisivite) degerleri, laboratuar ortaminda
EN 12898'e uygun olarak élglilmustir.

Potansiyel isil kiriima riskleri veya ilgili yapi yonetmelikleri nedeniyle 1sil islem gérmiis cam riinlerinin kullanilmasi gerekebilir. Bu dokiimanda isil kirilma risklerine yonelik
herhangi bir hesaplama bulunmamaktadir. Bu konu ile ilgili sorulariniz igin lutfen Trakya Cam Sanayii A.S. ile irtibat kurunuz.

Cam kombinasyonunun &zellikleri, teknik ve diger veriler, bu belgenin olusturdugu tarih itibari ile gegerlidir ve dokiimanin icerdigi bilgiler herhangi bir uyariya gerek
olmaksizin Trakya Cam Sanayii A.$. tarafindan degistirilebilir.

Bu dokiiman bilgilendirme amaglidir. Dékiimanda verilen degerler ile fiili degerler arasinda, kullanim yerindeki kosullara bagh olarak farkliliklar olusabilir. Bu farklardan
dolayi Trakya Cam Sanayii A.S. higbir sekilde sorumiu tutulamaz.

Figure A.11. Thermal properties of clear double-glazed window which were used for R.3.1 calculated
from http://www.sisecamduzcam.com/tr/faaliyet-alanlarimiz/mimari-camlar/performans-hesaplayici
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W

SISECAM

P

DUZCAM

Performans Hesaplayici

Isicam® Sistemleri

DI$ CAM : Sisecam Solar Low-E Cam
4 mm Nétral (2. Yiizey)

BOSLUK : 12 mm Ara Bosluk (Hava)

iC CAM . Sisecam Renksiz Diizcam

4 mm Renksiz

Giin Isi1g1 Gegirgenligi : %72
Gun Isig1 Degerleri (EN 410) Giin Isig1 Disa Yansitma %10
Giin Isig1 ige Yansitma D %11
Giines Enerjisi Direkt Gegirgenligi t %41
Giines Enerjisi Disa Yansitma : %29
Gilines Enerjisi Sogurma t %31
Gunes Enerjisi Degerleri (EN 410)  Giines Enerjisi Toplam Gegirgenligi head
(Solar Faktor / g)
Golgeleme Katsayisi : 0,50
UV Gegirgenlik : %10
Isi Gegirgenlik Katsayisi (EN 673) U Degeri W/(mK) : 18
Gurdltd Yalittim Degeri (EN 12758) Rw (C; Ctr) dB 129 (-1;4)

Bu Unite ile;
- Isi ve Giines Kontrolii
saglanmaktadir.

"Gun Isig" ve "Giines Enerjisi" degerleri, EN 410 standartlarina uygun olarak laboratuvar ortaminda élgiilmis spektral veriler kullanilarak hesaplanmistir.

Ist gegirgenlik katsayisi olan U degeri EN 673 standardina uygun olarak hesaplanmistir. U de@eri hesabinda kullanilan yayinim (emisivite) degerleri, laboratuar ortaminda
EN 12898'e uygun olarak élglilmustir.

Potansiyel isil kiriima riskleri veya ilgili yapi yonetmelikleri nedeniyle 1sil islem gérmiis cam Griinlerinin kullanilmasi gerekebilir. Bu dokiimanda isil kirilma risklerine yonelik
herhangi bir hesaplama bulunmamaktadir. Bu konu ile ilgili sorulariniz igin lutfen Trakya Cam Sanayii A.S. ile irtibat kurunuz.

Cam kombinasyonunun &zellikleri, teknik ve diger veriler, bu belgenin olusturdugu tarih itibari ile gegerlidir ve dokiimanin icerdigi bilgiler herhangi bir uyariya gerek
olmaksizin Trakya Cam Sanayii A.S. tarafindan degistirilebilir.

Bu dokiiman bilgilendirme amaglidir. Dékiimanda verilen degerler ile fiili degerler arasinda, kullanim yerindeki kosullara bagh olarak farkliliklar olusabilir. Bu farklardan
dolayi Trakya Cam Sanayii A.S. higbir sekilde sorumiu tutulamaz.

Figure A.12. Thermal properties of thermal double-glazed window which were used for R.3.2
calculated from http://www.sisecamduzcam.com/tr/faaliyet-alanlarimiz/mimari-camlar/performans-
hesaplayici
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AL

SISECAM
pUzcAm

Performans Hesaplayici

Isicam® Sistemleri

DI$ CAM : Sisecam Solar Low-E Cam
4 mm Notral (2. Yiizey)
1. BOSLUK : 16 mm Ara Bosluk (Hava)

ORTA CAM . Sisecam Renksiz Diizcam
4 mm Renksiz

2. BOSLUK : 16 mm Ara Bosluk (Hava)
ic cAMm : Sisecam Low-E Cam
4 mm Nétral (5. Yiizey)

Giin Isig1 Gegirgenligi 1 %64
Gun Isigi Degerleri (EN 410) Giin Isig1 Disa Yansitma T %12
Giin Isig1 Ige Yansitma : %14
Gilines Enerijisi Direkt Gegirgenligi : %33
Giines Enerjisi Disa Yansitma : %31
Giines Enerjisi Sogurma : %37
Gunes Enerjisi Degerleri (EN 410)  Giines Enerjisi Toplam Gegirgenligi
i . %39
(Solar Faktor / g)
Golgeleme Katsayisi : 045
UV Gegirgenlik : %56
Isi Gegirgenlik Katsayisi (EN 673) U Degeri W/(m?K) 107
Gurultd Yalitim Degeri (EN 12758) Rw (C; Ctr) dB 1 35(-1;-6)

Bu lnite ile;
- Isi ve Giines Kontrolii
saglanmaktadir.

"Gn Isig1" ve "Glines Enerjisi" degerleri, EN 410 standartiarina uygun olarak laboratuvar ortaminda &lgiimiis spektral veriler kullanilarak hesaplanmistir.

Is1 gegirgenlik katsayisi olan U degeri EN 673 standardina uygun olarak hesaplanmistir. U degeri hesabinda kullanilan yayinim (emisivite) degerleri, laboratuar ortaminda
EN 12898'e uygun olarak élgulmustlr.

Potansiyel 1sil kirilma riskleri veya ilgili yapi yonetmelikleri nedeniyle isil islem gérmus cam Grtnlerinin kullaniimasi gerekebilir. Bu dokiimanda isil kirilma risklerine yonelik
herhangi bir hesaplama bulunmamaktadir. Bu konu ile ilgili sorulariniz igin litfen Trakya Cam Sanayii A.S. ile irtibat kurunuz. Isil kirilma risklerine karsi ortadaki dizcamin
temperli olarak kullaniimasi veya disiik demirli diizcam olmasi dnerilmektedir.

Cam kombinasyonunun 6zellikleri, teknik ve diger veriler, bu belgenin olusturdugu tarih itibari ile gegerlidir ve dokiimanin igerdigi bilgiler herhangi bir uyariya gerek
olmaksizin Trakya Cam Sanayii A.$. tarafindan degistirilebilir.

Bu dokiiman bilgilendirme amaglidir. Dokiimanda verilen degerler ile fiili degerler arasinda, kullanim yerindeki kosullara bagl olarak farkliliklar olusabilir. Bu farklardan
dolayi Trakya Cam Sanayii A.S. higbir sekilde sorumlu tutulamaz.

Figure A.13. Thermal properties of thermal triple glazed window which were used for R.3.3
calculated from http://www.sisecamduzcam.com/tr/faaliyet-alanlarimiz/mimari-camlar/performans-
hesaplayici
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€ HVAC Template

| Template Radiator heating. Boiler HW. Nat Vent

(% Mechanical Ventilation
O0n

\ Heating ¥
[ Heated

2 Cooling
Cooled
[E]Cooling system Default
Fuel 1-Electricity from grid -
Cooling system seasonal CoP 45600

Office_OpenOff_Cool

[ Humidification
O Dehumidification
On
# DHW Template Project DHW
Type 4-Instantaneous hot water only -
DHW CoP 0.,8500
Fuel 1-Electricity from grid -
\Water Temperatures
Delivery temperature {°C) 65.00
Mains supply temperature (°C) 10.00
Operation %
Schedule Office_OpenOff_Occ
Natural Ventilation
On
QOutside air definition method 1-By zone -
Qutside air (ac/h) 10.000

Operation
Schedule Office_OpenOff_QOcc
Outdoor Temperature Limits
Delta T Limits
O Delta T limit control

Mixed Mode Zo
Tube

Figure A.14. HVAC settings of existing situation
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& HVAC Template

ijTemplate Radiator heating. Boiler HW, Nat Vent
(2 Mechanical Ventilation

O0n
\ Heating

Cooled
[E]Cooling system Default
Fuel 1-Electricity from grid -

Cooling system seasonal CoP 4600

Office_OpenOff_Cool

% DHW Template Project DHW
Type 4-Instantaneous hot water only -
DHw CoP 0,8500
Fuel 1-Electricity from grid -
Water Temperatures 2
Delivery temperature (°C) 65.00
Mains supply temperature {*C) 10.00

Operation

Schedule Office_OpenOff_Occ
Jentilation
Qutside air definition method 1-By zone -
QOutside air {ac/h) 10.000

Operation
Schedule Summer night cooling work days (Northern Hemisphere)
QOutdoor Temperature Limits
Delta T Limits
1 Speed Coeffic
Mixed Mode Zone Equipment
[ Mixed mode on

RitEarth Tube

i Air Temperature Distribution

Figure A.15. HVAC settings of night ventilation strategy (R5)
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B. ENERGY CONSUMPTION RESULTS

Fuel Breakdown - Untitled, Building 1
EnergyPlus Output 1Jun - 31 Aug, Monthly Evaluation
— T o Cooling (Electricdy) (kWh) tnicity) (KWh)
45000
40000 -}
35000 -} -
30000 -}
é 25000 -} 1
3
I
20000 -} — —
15000
10000
5000 -
0
. Jun Jul Aug
Room Electricity (kWh) 1418563 13681,28 14808.83
Lighting (kWh) 20674,18 1973444 21613,92
Cooling (Electricity) (kWh) 32689.14 43294.70 46041.00
DHW (Electricity) (kWh) 1428,16 1363,24 149307
Figure A.16. Energy consumption results of existing situation
Fuel Breakdown - Untitled, Building 1
EnergyPlus Output 1Jun - 31 Aug, Monthly Evaluation
o Room Electricity (kWh o Cooling (Electricty) (kWh) essssss DHW (Electnicity) (kWh)
45000 |
40000 |
35000 |
30000 |
é 25000 -|
3
Ire
20000 -}
15000 -+
10000 -+ !
5000 -+
0
Month Jun Jul Aug
Room Electricity (kWh) 14185.63 13681,28 14808.83
Lighting (kWh) 20674,18 1973444 21613,92
Cooling (Electricity) (kWh) 32536.95 42784,98 4556239
DHW (Electricity) (kWh) 1428,16 1363,24 1493,07

Figure A.17. Energy consumption results of R1.1
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EnergyPlus Output

45000 -+

Fuel Breakdown - Untitled, Building 1
1.Jun - 31 Aug, Monthly

w— Room Electricity (\Wh) === Lighting (kWh) s Cooling (Electriciy) (kWh)

— DHW {

Evaluation

40000

35000

25000

Fuel (kKWh)

20000 -+

15000

10000 -+

5000

0
Month

Jun

Jul

Aug

Room Electricity (kWh)
Lighting (kwWh)

Cooling (Electricity) (kWh)
DHW (Electricity) (KWh)

1418563
2067418
30906.01

1428,16

13681,28
1973444
4142716

1363.24

14808.83
21613,92
4412136

1493,07

Figure A.18. Energy consumption results of R1.2

EnergyPlus Output

35000 -+

Fuel Breakdown - Untitled, Building 1
1.Jun - 31 Aug, Monthly

——— Lighting (KWh) _ s _Cooling (Electricity) (KWh)

w— DHW (Elecriciy) (KWh)

Evaluation

25000

Fuel (kWn)

20000

15000

10000 -+

o
Month

Jun

Jul

Aug

Room Electricity (kWh)
Lighting (kWh)

Cooling (Electricity) (kWh)
DHW (Electricity) (kWh)

1418563
2067418
29868.84

1428,16

13681,28
1973444
40283,37

1363.24

1480883
21613,92
43019.31

1493,07

Figure A.19. Energy consumption results of R1.3
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Fuel Breakdown - Untitled, Building 1

EnergyPlus Output 1Jun - 31 Aug, Monthly Evaluation
s Room Electncity (kWh) ting (kWh) e Cooling (Electricty) (kWh) — OHW ( wcity) (kWh
40000 -}
35000 -+
30000 -+
25000 -
3
T
& 20000 -} — =
15000 -+
10000
5000
0
Month Jun Jul Aug
Room Electricity (kWh) 1418563 13681.28 14808.83
Lighting (kWh) 2067418 19734, 44 21613,92
Cooling (Electricity) (kWh) 29601.48 3999543 42687.13
DHW (Electricity) (kWh) 1428,16 1363.24 1493,07
Figure A.20. Energy consumption results of R1.4
Fuel Breakdown - Untitled, Building 1
EnergyPlus Output 1.Jun - 31 Aug, Monthly Evaluation
o Room Electrcty (kWh) ===== Lighting (kWh) essssss Cooling (Electricdy) (kWh) esssssm DHW (Electncity) (kWh)
40000
35000 -+ +
30000
25000 -}
g
3
u- 20000 -
15000 -+
10000 -+
5000 -+ it
0
Month Jun Jul Aug
Room Electricity (kWh) 14185.63 13681,28 14808.83
Lighting (kWh) 20674,18 1973444 21613,92
Cooling (Electricity) (kWh) 29602,01 40034,06 4274224
DHW (Electricity) (kWh) 1428,16 1363,24 1493,07

Figure A.21. Energy consumption results of R1.5
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EnergyPlus Output

40000

Fuel Breakdown - Untitled, Building 1

e Room Electrcity (kWh) ==

=== Lighting (kWh)

1Jun - 31 Aug, Monthly

— C00ling (Electricty) (KWh)

w— DHW (Electricity) (kWh)

Evaluation

35000

25000

Fuel (KWh)

20000

15000

10000

0

Month

Room Electricity (kWh)
Lighting (kwWh)

Cooling (Electricity) (kWh)
DHW (Electricity) (KWh)

Jun

Jul

Aug

1418563
2067418
29459.72

1428,16

13681,28
19734, 44
39875,94
1363.24

1480883
21613,92
42578.63

1493,07

Figure A.22. Energy consumption results of R1.6

EnergyPlus Output

45000 -+

35000 -+

| — R oom Electncity (kWh)

Fuel Breakdown - Untitled, Building 1

=== Lighting (kWh)

1.Jun - 31 Aug, Monthly

— Cooling (Eleciricty) (KWH)

wm— DHW (Electricity) (kWh)

Evaluation

25000

Fuel (kWhn)

20000

15000 -+

10000 -+

5000

0l

Month

Room Electricity (kWh)
Lighting (kWh)

Cooling (Electricity) (kWh)
DHW (Electricity) (kWh)

Jun

Jul

Aug

1418563
2067418
31237.50

1428,16

13681,28
1973444
4179429

1363.24

1480883
21613,92
44517.56

1493,07

Figure A.23. Energy consumption results of R2.1.1
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EnergyPlus Output

e Room Electrcity (kWh) ==

Fuel Breakdown - Untitled, Building 1

1Jun - 31 Aug, Monthly

— Co0ling (Electricty) (kWh)

w— DHW (Electricity) (kWh)

Evaluation

45000

35000 -+

25000

Fuel (KWh)

15000 -+

10000

5000 -+

0
Month

Jun

Jul

Aug

Room Electricity (KWh)
Lighting (kwWh)
Cooling (Electricity) (kWh)

1418563
2067418
30310.40

DHW (Electricity) (kWh)

1428,16

13681,28
19734, 44
40808,55
1363.24

1480883
21613,92
43458.56

1493,07

Figure A.24. Energy consumption results of R2.1.2

EnergyPlus Output

45000

| — R oom Electncity (kKWh)

=== Lighting (kWh)

Fuel Breakdown - Untitled, Building 1

1.Jun - 31 Aug, Monthly

— Cooling (Electricty) (KWH)

wm— DHW (Electricity) (kWh)

Evaluation

40000 -+

35000

25000

Fuel (kWh)

20000 -+

15000

10000 -+

5000

0l

Month

Room Electricity (kWh)
Lighting (kWh)

Cooling (Electricity) (kWh)
DHW (Electricity) (kWh)

Jun

Jul

Aug

14185.63
2067418
31087.16

1428,16

13681,28
1973444
41608,80

1363.24

14808.83
21613,92
4406743

1493,07

Figure A.25. Energy consumption results of R2.2.1
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EnergyPlus Output

Fuel Breakdown - Untitled, Building 1
1Jun - 31 Aug, Monthly

45000 | m—Room Elecricity (W) _ === Lighting (CWh) _ s Cooling (Eleciricy) (KWh) _ s DHVY (Eleciriciy) (KWH)

Evaluation

40000

35000 -+

25000

Fuel (KWh)

20000 -+

15000 -4

10000 -+

0
Month

Jun

Jul

Aug

Room Electricity (kWh)
Lighting (kwWh)

Cooling (Electricity) (kWh)
DHW (Electricity) (KWh)

1418563
2067418
2991455

1428,16

13681,28
1973444
40454,23

1363.24

1480883
21613,92
42909,97

1493,07

Figure A.26. Energy consumption results of R2.2.2
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Figure A.27. Energy consumption results of R2.3.1
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Figure A.28. Energy consumption results of R2.3.2
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Figure A.29. Energy consumption results of R3.1
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Fuel Breakdown - Untitled, Building 1
EnergyPlus Output 1Jun - 31 Aug, Monthly Evaluation
45000 | ===_Room Eleciricty (kW) Lighting (KWH) _ sssssms Cooling (Electricty) (KWh) s DHW (Electricy) (KWh)
40000 -+ i
35000 -|
30000
. 25000
3
& 20000
15000
10000
5000 -+
0l
Month Jun Jul Aug
Room Electricity (kWh) 1418563 13681,28 14808,83
Lighting (kWh) 2067418 1973444 21613,92
Cooling (Electricity) (kWh) 3013661 40462,53 43063,12
DHW (Electricity) (kWh) 1428,16 1363.24 1493,07
Figure A.30. Energy consumption results of R3.2
Fuel Breakdown - Untitled, Building 1
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Figure A.31. Energy consumption results of R3.3



Fuel Breakdown - Untitled, Building 1
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Figure A.32. Energy consumption results of R4
Fuel Breakdown - Untitled, Building 1
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Figure A.33. Energy consumption results of R5
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Figure A.34. Energy consumption results of R6
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Figure A.35. Energy consumption results of R7
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C. THE IMAGES OF ATRIUM AND AIR CONDITIONERS

Figure A.36. The image of atrium

A

Figure A.37. The image of atrium
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Figure A.38. The image of free-standing air conditioner

Figure A.39. The image of air conditioning units
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Figure A.40. The image of air conditioning units

139



D. FLOOR PLANS

Figure A.41. Basement Floor Plan
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Figure A.42. Ground Floor Plan
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Figure A.43. First Floor Plan
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Figure A.44. Second Floor Plan
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Figure A.45. Third Floor Plan
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