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ABSTRACT 

 

BIOCLIMATIC INTERVEN TIONS FOR REDUCING COOLING ENERGY 

DEMAND IN HOT AND HU MID 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 
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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. 
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¥Z 

 

SICAK VE NEMLĶ ĶKLĶMLERDE SOĴUTMA ENERJĶSĶ 

GEREKSĶNĶMLERĶNĶ AZALTMAK Ķ¢ĶN YAPILAN BĶYOĶKLĶMSEL 

M¦DAHALELER 

 

Dºnmez, Burak 

Y¿ksek Lisans, Yapē Bilimleri 

Tez Danēĸmanē: Prof. Dr. Soofia Tahira Elias-Ozkan 

 

 

Eyl¿l 2019, 142 sayfa 

 

Sanayi ve bilimdeki geliĸmelerle birlikte , son y¿zyēlda n¿fus da arpēcē bir ĸekilde 

artmēĸtēr. Bunun sonucu olarak, fosil yakētlara dayanan kontrols¿z enerji t¿ketimi, 

d¿nyadaki iklim deĵiĸikliĵinin temelini oluĸturmaktadēr. Aynē zamanda, mevcut 

yapēlarēn ēsētēlmasē ve soĵutulmasē iin harcanan enerji de ciddi miktarlara ulaĸmēĸtēr. 

Yapēlarda ihtiya duyulan enerji miktarē, biyoiklimsel  ºnlemler alēnarak ve bina 

performans sim¿lasyonlarē ile uygunluklarē test edilerek azaltēlabilir. Bu yºntemler 

kullanēlarak, ampirik verilerin parametrik tasarēm sim¿lasyonlarē ile toplanmasē ve 

deĵerlendirilmesi sonucunda farklē iklimlerde farklē binalardaki farklē biyoiklimsel 

m¿dahalelerin/ ºzelliklerin uygulanabilirliĵi hakkēnda ºngºr¿ler elde edilebilir. ¥rnek 

olarak, binalarēn enerji performansēna etki edecek m¿dahalelerin farklē 

kombinasyonlarēyla elde edilen tahminler, binalarēn iyileĸtirme alēĸmalarēnē optimize 

etmede yardēmcē olabilir. Bu yaklaĸēm, bina tasarēmēndaki parametrik deĵiĸikliklerin 

bina performans sim¿lasyon ēktēlarēna gºre yapēldēĵē bir tasarēm s¿reci saĵlamak iin 

hayata geirilmiĸtir. Bu alēĸmanēn amacē, sēcak ve nemli iklimde bulunan Alanya 

belediye binasēnēn, enerji performansēnēn iyileĸtirmesinde kullanēlacak en etkili pasif 

soĵutma stratejilerini belirlemek, test etmek, kararlaĸtērmak ve uygulamaktēr. Bu 

amacē gerekleĸtirmek adēna, belediye binasēna gidilip, yapēnēn mevcut fiziki ve ēsēl 



 

 

 

viii  

 

durumuyla ve yapēda kullanēlan soĵutma ekipmanlarēyla ilgili gºzlemler yapēlmēĸtēr. 

DesignBuilder yazēlēmē ile binayē modellemek ve enerji performansēnē sim¿le etmek 

amacēyla, yapēyla ilgili bilgiler ve mimari izimler toplanmēĸtēr. ¥ncelikle, uygun 

biyoiklimsel m¿dahaleler ayrē ayrē yapēya entegre edilip, etkilerini gºzlemlemek iin 

sim¿le edilmiĸtir; ve son olarak da, en verimli sonucu veren m¿dahaleler, yapēda 

kullanēlan soĵutma enerjisini azaltmadaki etiklerini test etmek iin bir araya 

getirilmiĸlerdir. Soĵutma enerjisi talebini azaltmak iin kullanēlan biyoiklimsel 

m¿dahalelerin, binanēn soĵutulmasē iin gereken enerjide %70,23 tasarruf saĵladēklarē 

tespit edilmiĸtir. 

 

 

Anahtar Kelimeler: Biyoiklimsel M¿dahaleler, Sēcak ve Nemli Ķklimlerdeki Pasif 

Soĵutma Stratejileri, Enerji Sim¿lasyonu, S¿rd¿r¿lebilir Tasarēm, Alanya 
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CHAPTER 1  

 

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

below:  

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

improving thermal comfort in existing buildings? 

¶ How can an existing building be renovated by considering these bioclimatic 

interventions?  

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

¶ How can natural ventilation and passive cooling be provided in hot and humid 

climate? 

¶ How can natural ventilation and passive cooling strategies be integrated easily and 

effectively in existing buildings? 

¶ 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.  
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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. 
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CHAPTER 2  

 

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 earthôs 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 
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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, 

peopleôs 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.  
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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: 

¶ Natural Environment: Orientation, climate, light, natural ventilation, energy, 

water.  

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

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

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

 

 

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.  

¶ Energy is very critical for economic and security reasons for nations and people.  
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¶ Every person is responsible for reducing energy usage because it affects the whole, 

like the inductive method.  

¶ 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 

(Bragana, 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). Bragana 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: 

¶ Orientation and configuration of buildings according to the context 

¶ Window design for solar gain 

¶ Designing microclimates and landscape responsively  
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¶ Window design for gaining effective daylighting 

¶ Water management not only for consumersô usage also for landscape and close 

environment 

¶ Choosing durable and local materials 

¶ 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: 

¶ Building layout 

¶ Orientation of main rooms and windows 

¶ Window size, location, and details 

¶ Shading devices for windows  

¶ Color of the buildingôs envelope 

¶ 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).  
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Figure 2.2 shows the comparison of conventional water allocation and appropriation 

of water in a sustainable building. 

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

(2010) 

 

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 
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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 ógreen 

buildingô 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 buildingôs 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 

 

 

Site Planning 

¶ 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 

vegetation 

¶ Designing the surrounding of the building to eliminate the 

noise and pollution 

 

Building Form 

& 

Building Envelope 

Designing the form and the facades, 

¶ 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 óbio-climaticô means óof, or pertaining to, the relationship between living 

things and climateô (Merriam-Webster Dictionary). It was first used in terms of design 

in the early sixties by Victor Olgyay in his famous book óDesign with climate: 

bioclimatic approach to architectural regionalismô; 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, & 

Garc²a-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).  

 

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 Mart²n (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 óbioclimatic designô 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) 
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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-Gonz§lez, Andr®s-Chicote, Garc²a-Ib§¶ez, 

Velasco-G·mez, & Rey-Mart²nez, 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 & Mart²n, 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). 
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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 siteôs 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: 



 

 

 

25 

 

¶ Enhance daylighting by: 

o Controlling glare 

o Using light shelves 

o Increasing the use of daylight  

o Using shades for glazing 

o Using high performance glazing 

¶ Augmenting natural ventilation by: 

o Increasing interior air movement 

o Using natural ventilation 

o Using fans 

o Re-designing the building according to stack effect principle 

o Creating atria 

o Thermal chimneys 

¶ Building envelope optimization by: 

o Insulating roof, walls and ground 

o Using local materials for insulation 

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 

are described in detail below: 

¶ Building structure: Re-use, local and long-life materials may be selected.  

¶ 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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¶ Daylight: Openings may be designed regarding efficient daylight usage. 

¶ Heating: Building plan and faade may be designed to use maximum solar gain. 

¶ Cooling: Faade 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 

¶ Optimally orientated 

¶ Use fresh air 

¶ Daylight 

¶ Solar-heated 

¶ Naturally ventilated 

¶ Highly shaded 

¶ Well insulated 

¶ Deep plan 

¶ Glass faades 

¶ 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). 

 

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 1970ôs. 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).  

 

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). 

 

 

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 ÜC to 40 ÜC. 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.  




































































































































































































































