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Abstract  The need for energy with changing living conditions is greater than ever. Increasing with the modern 

development movement, the urbanization and world population are growing rapidly. The fact that fossil-based fuels will soon 

be depleted led the countries to produce renewable energy whose source is found in nature. Furthermore, the damage to the 

environment in the production and consumption of these fuels has become irreversible. It has become difficult to leave a 

sustainable world for future generations. Therefore, there is a need for renewable energy resources with less impact on the 

needed biological environment. In this context, the key concepts and components were explained and the principles of 

benefiting from the solar and wind systems actively and passively were clarified, and applied systems were examined. As a 

result of these studies, the current solar and wind capacities in Turkey and abroad, in addition to the development of rainwater 

collection systems, application methods and incentives granted were explained with graphics. The data obtained from the 

researches and the samples regarding the use of renewable energy sources in Turkey and abroad were examined. Based on 

these examples, it was aimed to contribute to the design process by providing a housing sample which has an 

environment-friendly architectural design and low carbon emission to reduce the dependence of the country's economy on the 

foreign countries and to provide added value.  
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1. Introduction  

In today's world, the energy requirement has been 

continuously increasing with the technological 

developments started with the industrial revolution. The raw 

material used for supplying the increasing energy 

requirement has started to exhaust. The insensible use and 

processing of the raw material have started to damage the 

natural environment. The increase in the world's population 

brings along the rapid settlement. The devastation and 

destruction of forested land lead to the rising of seasonal 

temperatures, the melting of icebergs, the increasing of 

natural disasters, the disruption of the balance of nature and, 

to the global climate change. For the sustainability of the 

progress of the countries, the used energy should be of high 

quality, continuous, cheap and environment-friendly. The 

fact that the fossil fuels used as energy resources cause 

environmental pollution and that these fuels may deplete 

have increased the tendency towards renewable clean 

energy sources.  
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The importance of energy-efficient designs is increasing 

day by day because of the use of nonrenewable fossil-based 

fuels in the building sector as in other sectors. Nowadays, 

wind and solar energy have increasingly become among the 

renewable energy sources used in the field of architecture.  

Wind and solar energy, which are utilized as passive and 

active systems in buildings, are used especially in designs in 

Europe, USA and Dubai. Although the renewable energy 

potential of Turkey is in a considerable amount, it has not 

been benefiting from wind energy adequately. Renewable 

energy systems are used in many developed countries and 

Turkey's renewable energy potential is quite high compared 

to numerous other countries. Under these circumstances, in 

Turkey, the necessity of the use of wind and solar energy, 

which are the primary renewable energy resources, is 

inevitable. Especially in the building sector where a large 

part of the energy is consumed, the use of wind energy 

should increase with the developing technologies.  

1.1. Aim and Scope 

The purpose of this study is to ensure the sustainability of 

energy resources in nature by using renewable energy 

resources; to emphasize the importance of the use of these 

resources. In this context, (i) to explain the principles of 

active and passive utilization of solar and wind energy 

among renewable energy resources in buildings; (ii) in 

addition to these systems, to investigate the use of rainwater 
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collection systems on wooden, inclined and green roofs;  

(iii) to investigate the integration of these systems with 

buildings and, their usage, in order to provide added value 

to the existing buildings and the buildings to be made, by 

the examples from abroad and Turkey. For this purpose, 

heating, cooling, lighting, storage, direct electrical energy 

production processes are examined. Natural ventilation, 

cooling, direct electrical energy production and water 

pumping operations by utilizing wind and solar energy in 

passive and active system are investigated; Rainwater 

collection systems are scrutinized. The effective use of 

these systems in buildings and its importance will be 

emphasized. Pendik region has been selected as the study 

area.  

The main hypothesis of the study is that the on-site 

production of energy is economical in the long term. Turkey 

will quickly start the ecological sustainability practices 

within the EU integration process. These are valid concepts 

in accordance with the world green life principles, Turkey 

must take part in these activities.  

1.2. Methodology  

The main material of the study is the investigation of 

renewable energy sources and sustainability. Research 

techniques used in this study can be listed as follows:  

Literature research: It was conducted for collecting 

information. It is to reach written, drawn and visual sources 

and to reach previous studies and publications. A research 

method from general to specific is used.  

Field studies: The structural elements and applications 

concerning the subject of the study were observed on site by 

visiting the construction sites in the area.  

Evaluation of the information: The data obtained in the 

research were expressed in tables and graphs. 

2. The Concept of Energy and 
Sustainability  

2.1. Concept of Energy  

Energy use is one of the leading elements of the social 

development of countries. Energy resources are the most 

important vital inputs of our daily lives, energy, and 

industrial products are the most important vital inputs of our 

production. For this reason, those who undertake the 

governing of the country and the energy field have to supply 

the energy needed by the society and the economy in an 

uninterrupted, reliable, timely, clean and inexpensive ways 

and to provide them with the most affordable prices and to 

diversify these sources in terms of energy supply security. 

Energy continues to be one of the biggest economic 

problems in terms of Turkey. This can be explained by 

giving several important figures. Turkey imports more than 

70% of the energy it uses. Energy used in Turkey is 

distributed approximately equal in buildings, industry, and 

transportation and this is roughly one-third of the total 

energy consumption. For example, according to information 

of the World Energy Agency, the energy used in buildings in 

Turkey is around 27% of total energy in 2007, in addition, 

the use of energy in buildings in 2020 is estimated to be 

twice as high as 2007 values. In 2011 this amount is more 

than $20 billion according to IZODER data. It is estimated to 

be up to $25 billion in 2012. Three-fourths of this is also the 

funds to be exported. Energy savings in old buildings can 

reach up to 50%. At the same time, the use of innovative 

energy applications and the importance of energy savings in 

all new buildings will be important, as it will reduce the 

energy use required in the future. From this point of view, it 

is clear to what extent the applications to be made in 

buildings will reach an economic dimension. Of course, the 

construction and the use of these buildings in harmony with 

the environment will also make them economic in the long 

term. Basically, the concepts of 'green building' should be 

considered as the name given to the buildings that emerged at 

the end of these rational practices and it should be 

understood that the concept of 'green building' is a 

contribution to the whole country. [1]  

 

Figure 2.1.  The distribution of electrical energy production in Turkey by 

the sources in 2017 [URL1 [2] 

2.1.1. Energy efficiency  

Due to the deterioration of the ecological balance, the 

depletion of fossil resources in the near future, and excess 

consumption, energy efficiency should be given importance. 

Energy efficiency is the minimization of the amount of 

consumed energy without reducing the quantity and quality 

of production and without hampering the economic 

development and social wellbeing. It is the whole of the 

measures that increase efficiencies such as prevention of 

energy loss, recycling, and evaluation of waste or decreasing 

energy demand without reducing production of advanced 

technology, more efficient energy resources, advanced 

industrial processes, energy gains. [3] 

Due to the fact that the energy resources to be used as an 

alternative to fossil energy sources are not yet economical, 

the inadequate domestic resources and importing them, the 

increase in consumer prices in response to the continuous 
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increase in energy consumption raise the importance of 

energy efficiency in Turkey. It is required to give importance 

to savings and long-term use by reducing consumption.  

Energy consumption in industrialized countries comes 

from industry, transportation, and construction sector, 

respectively. For this reason, it is necessary to use the  

energy effectively before construction, construction, and 

post-production phases of designing the building. In our 

country, 62% of the total final energy consumption in the 

industry and service sectors in 2017 was consumed in the 

manufacturing industry, 20.8% in transportation and storage 

sector, and 3.8% in the wholesale and retail trade sector. 

 

Figure 2.2.  Distribution of final energy consumption by sectors, 2017 [4] 

The energy used in residences corresponds to 31% of the total energy 

consumption and the electricity used corresponds to 43% of the total 

electricity consumption in Turkey. It is known that the heat losses caused by 

roof, glass, wall, and flooring in a building correspond to 60-70% of the total 

heat loss of the building. [3] 

Energy loss in buildings is caused by the use of air 

conditioning, ventilation, illumination, and electronic 

household appliances. Because this energy is obtained from 

oil, natural gas, and coal, it is necessary to use energy 

effectively in designs. To ensure energy efficiency in 

residential buildings;  

  Energy waste should be evaluated, and sustainability 

should be ensured by recycling.  

  The roof, wall, floor, and facade of the buildings must 

be insulated against energy losses.  

  Building orientation, form, and shell should be 

designed according to the current climatic conditions.  

  Passive energy systems should be used for heating, 

illumination, and cooling in the building.  

The majority of energy consumption is realized in the 

industrial sector. Providing energy from renewable 

energy sources in the industrial sector, being recyclable 

and sustainable will contribute to the national economy. 

To ensure energy efficiency in industry;  

  From where, how the raw material is provided, the 

source of the raw material should first be provided from 

domestic production.  

  Wastes must be recyclable after the use of raw 

materials.  

  In the industrial building design, it is necessary to 

provide passive energy sources according to current 

climatic conditions, directivity, lighting and thermal 

comfort.  

  The energy used in the industry must be provided from 

renewable energy sources and energy wastes must be 

recycled.  

Transportation sector comes second in terms of the size of 

energy consumed. With the realization of energy crises, 

efforts have been made in order to save money in the 

transportation sector. The development of rail, sea, and 

public transportation vehicles has been accelerated in freight 

and passenger transportation. Since the energy used in the 

transportation sector is petroleum, electrically driven railway 

and public transportation vehicles are under development. 

According to a study on energy consumption in Germany; in 

passenger transportation, while 1 unit of energy in the 

railroad, 3 units in the roadway, 5.2 units in the airway is 

consumed; it is determined that 1 unit of energy is consumed 

in the railroad and 3 units in the roadway in freight 

transportation. Approximately 20% of the energy consumed 

is used in the transportation sector in Turkey, 99% of this is 

composed of petroleum products. The transport sector in 

Turkey relies heavily on outside financial sources. The 

energy problem in the transport sector can be solved by 

long-term solutions such as urban planning, increasing the 

share of public transport. [3] 

2.1.1.1. Energy Efficient Building Design  

Energy efficient building design can be defined as 

designing to use energy efficient and productive by taking 

advantage of physical environment variables data such as 

climate, direction, and prevailing wind in the architectural 

design process. The energy efficient structure design 

requires, by creating active and passive control facilities 

suitable for the building, requires improving the performance 

of the construction issues in the subjects of heating 

cooling-ventilation-natural lighting and ensuring audit 

towards energy conservation, determining design criteria and 

making architectural designs in this context. [5] 

Energy efficient structure design includes the following 

criteria.  

  Forming and positioning of structure shell and form 

according to physical environment data,  

  In the design of the structure, using the forms that will 

control the inside air by taking it from outside and will 

distribute the controlled air, and will create a buffer 

zone between the inside and outside of the structure,  

  In order to take atmosphere conditions into the structure 

by softening, making designs that will include nature 

and green into the structure,  

  Supporting the building design to provide optimum 

utilization of solar energy and using energy efficient 

exterior systems on the structure,  

  Selecting the materials and components of the structure 

from materials that use renewable energy sources, 

energy conservative, environmentally friendly, and 

require low-maintenance,  

  It can be defined as the use of passive and active 
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systems to provide energy efficiency within the 

structure [6] 

The most important features that distinguish the energy 

efficient building design process from the traditional design 

processes are:  

  In all stages of architectural design process, production 

of all materials and components forming the structure, 

usage, maintenance, operation, and handling the air 

conditioning systems in a large spectrum up to the 

selection and management,  

  Reducing the amount and cost of energy inputs towards 

individual and social benefit without reducing the 

standard of the structure and  

  Ensuring harmony of the building environment, use of 

renewable energy sources and taking measures to 

protect the energy used.  

2.1.1.2. Energy Efficient Building Design Criteria  

The design parameters which affect the energy efficiency 

of the building, which takes maximum advantage of natural 

resources and consumes minimum energy to provide thermal 

(climatic), visual and auditory comfort conditions, in other 

words, which will be effective in creating an energy efficient 

sustainable environment as a passive system are listed below. 

[7] 

 

Figure 2.3.  Example of Energy Efficient Structure Design [8]  

  Location selection of the structure  

  Distance and positioning of the structure to other 

structures,  

  The direction of the structure,  

  Form of the structure,  

  Physical properties of structure shell affecting heat 

transfer,  

  Outdoor lighting level,  

  Obstacles that may affect the climatic and visual 

comfort outside the structure,  

  Physical properties of the structure internal volume,  

  Dimensions and structural properties of structural 

elements such as window and glass,  

  Properties of the components of artificial lighting 

system and  

  Solar control and natural ventilation systems  

2.2. Concept of Sustainability 

Sustainability is one of today's important phenomena  

used together with concepts such as ecology, environment, 

and energy. Sustainability is defined on the one hand as 

continuing to use natural resources, on the other hand as the 

protection of these resources to ensure that they can be used 

by future generations. [9]  

The concept of sustainable development was first used by 

the World Environment and Development Commission 

(WCED) in its report titled “Our Common Future” which 

was published in 1987 by the Norwegian Prime Minister Gro 

Harlem Brundtland and it was defined as ‘meeting today's 

needs without taking away the means to meet their own 

needs of future generations.  

‘The Common Future’ report, has generated worldwide 

echoes by bringing a wide initiative in environmental issues 

and the concept of sustainable development, has greatly 

influenced the knowledge and ideas on the environment.  

The deterioration of the ecological structure due to the 

environmental problems, together with the poor quality of 

our living environment, the importance of designs that can 

meet the needs of healthy living of future generations is also 

increasing. In this context, the concept of ’sustainable 

architecture' is emerging. [10] 

Sustainable architecture while offering safe and 

comfortable spaces to its residents, defines the building 

design which respects the environment by minimizing the 

use of natural resources. In this case, architecture needs to be 

addressed in the dimension of sustainable development. The 

contribution of the architect to sustainable development will 

be realized by designing sustainable buildings, constructing, 

following the principles of sustainability in every stage of 

building, and continuing the process at the end of usage.  

Sustainability in architecture is based on the use of 

renewable resources, energy efficient technologies, use of 

reputable materials, recycling and reuse activities, 

considering ecology in all phases of design and construction  

The projects that revealed as ecological and sustainable 

approaches, guide the understanding of today's and future 

housing and set an example in this field, are in general terms 

based on five main principles.  

  Healthy Artificial Environment becomes compatible 

with topography, the old natural life of the environment 

is revitalized, working with the consciousness of 

creating an artificial ecosystem. Construction materials 

and building systems containing nontoxic raw materials 

and harmless gases are used.  

  Adequate and Efficient Energy Systems: Necessary 

measures are taken in order to minimize the energy 

used when creating suitable living conditions. Heating, 

illumination, and cooling systems are made up of 
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methods and products that use little or no energy.  

  Environmentally Sensitive Building Materials: 

Building materials and products that require less energy 

in production, application, and use, which do not give 

hazardous waste to the environment and which are 

recycled are used.  

  Environmental Sensitive Form: The building form and 

living space organization are designed according to the 

structure of the place and the climate characteristics of 

the region. Be respectful to the ecological structure. 

In-house comfort conditions are provided by the 

rational and efficient use of energy.  

 Intelligent Design: Place use, circulation, building form, 

mechanical systems and construction are designed to 

work efficiently, quickly, harmoniously, and with long 

life. [11] 

In line with these principles, it is clear that sustainable 

design is intertwined with energy resources and energy use.  

Providing sustainability in the field of energy is also based 

on three main principles:  

  Efficient use of energy and energy saving;  

  Development of environmentally friendly energy 

strategies to minimize the negative impacts and 

pollution of energy production and use in the 

environment;  

  Increasing the use of renewable energy sources and 

increasing the technological capability in this field.  

In terms of energy savings, significant gains can be 

achieved in many buildings by using small measures (like 

orientation, size, and placement of windows, etc.) that can be 

taken without any additional expenditure during the design 

phase.  

3. Investigation of Renewable 
Applications in Terms of     
Housing Design  

3.1. Investigation of Renewable Applications in Terms of 

Housing Design  

The energy used for the sustainable development of 

renewable energy resources in housing design should not 

pollute the natural environment, must be used effectively and 

efficiently and must be recyclable.  

In order for the designed housing to be sustainable, it is 

necessary to consider the climate data of the land, 

topographic land features, the use of renewable energy 

resources available in the area, the location of the design in 

the area, the position of the design according to other 

buildings, its form, direction, envelope, the choice of 

materials to be used, space organization, the materials used 

and whether the energy is recyclable.  

3.1.1. Land and Topography  

When designing housing, natural environment data should 

be taken into consideration and should be integrated with the 

environment. When the structure is designed, the orientation, 

positioning, form, space organization, ventilation, cooling 

and heating load of the building are determined with the 

analysis of the land data.  

It is necessary to know the topography of the land where 

the building will be located.  

Topography graphically shows the surface shapes, bumps, 

natural form that appear in the field.  

The existing topography must be protected in order not to 

damage the natural environment. [12] 

 

Figure 3.1.  Site Selection [12] 

3.1.2. Climate Data  

Climate data should be taken into account in building 

design. According to climate data, it plays an important role 

in the heat loss or gain of the building. In the design that is 

based on climate data, the energy efficiency is provided by 

determining the orientation, envelope, ventilation system, 

space cooling and heating methods, space organization and 

insulation material. Climate data varies depending on 

sunlight, wind, temperature and humidity.  

3.1.3. Vegetation  

In the processes of utilization or elimination of the 

dominant wind in a building, of solar control and of 

preventing noise pollution vegetation cover is used. It 

reduces the need for energy used for heating or cooling needs 

of the building. It reduces the air pollution by increasing the 

amount of oxygen in the environment. It provides continuity 

of natural environment. Erosion and floods are prevented by 

preserving natural vegetation in the construction of the 

building, the natural life is preserved. [13] 

3.1.4. Orientation  

With the building orientation made by considering the 

current climate, land data, solar and wind effects, it is 

ensured that the natural ventilation, natural lighting, cooling 

and warming load is reduced. 

North: Provides high quality light and low heat gain. 

Since the indoor temperature is low, it creates heating 

problems. Since it gets sunlight at the very early hours of the 

morning and towards evening, the shadow elements are not 

much necessary.  
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South: It gives good light and heat. Shadow elements are 

easy planned on this facade. East and West: Since the lights 

coming from this direction go to infinity, they often cause 

visual and thermal disturbances in the interior. They are the 

directions which require a shadow element [3] 

 

Figure 3.2.  The appropriate orientation for the passive system element [3] 

3.1.5. The Location and the Building Range Compared to 

Other Buildings  

Table 3.1.  Building form and orientation according to climatic zones in 
Turkey [3] 

 

Table 3.2.  Building form and orientation according to climatic zones in 
Turkey [3] 

 

By determining the location of the building and the 

openings between the buildings based on the sun's rays and 

the dominant wind direction, the natural illumination and 

ventilation are provided in the building and the load of 

heating and cooling is reduced. Existing renewable energy 

sources should be utilized from the location of the building 

and the energy should be used efficiently. The distance in 

the building openings varies according to the direction, the 

slope and the height of the terrain. In order to maximize 

solar radiation in hot climates, the building opening must be 

at least as long as building height. In cold climates, for the 

openings between buildings to be small or adjacently 

designed will reduce the surface area in buildings, thus 

reduces the heat loss. Landscape design is also important  

in the arrangement of openings between buildings. Plant 

communities used in landscape design and afforestation 

provide cooling and ventilation for buildings. [3] 

3.1.6. Building Form  

According to the results of the climate data, the building 

form is designed to provide the indoor heat comfort by using 

the formal components such as the ratio of the length of the 

building to the depth, the height, the type of roof, the slope  

of the roof, the inclination of the facade, the orientation,   

the ratio of the transparent and deaf surfaces. As these 

components will vary in each climate zone, building forms 

should be designed differently in each climate zone. Heat 

losses and gains in different building forms will be different. 

The determination of the heat losses and gains generated by 

the building forms affects the building cost. In order to 

ensure the use of natural ventilation and lighting, the 

building form must be designed according to the current 

climate data. (Yüceer, 2015) 

3.1.7. Building Envelope  

 

Figure 3.3.  Energy loss in an uninsulated house [14] 

The building envelope separates the external environment 

from the interior and provides energy efficiency and thermal 

comfort in the interior. Building envelope should be 

designed according to land, topography, climate, slope, 

orientation data. The ratio of deaf and transparent surfaces to 
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each other, the materials used, and the insulation systems 

affect the energy efficiency in the building envelope. 

Building elements in the building envelope;  

 Exterior walls  

 Roof  

 Windows and Doors  

 Tile  

 Foundation  

With the planting in the facades and roofs in the building 

envelope, it is ensured that the storage of the temperature of 

the space reduces the heating load by providing insulation 

and in hot climates, it absorbs the exterior temperature and 

reflect to the interior.  

3.1.8. Place Organization  

While making place organizations in buildings, the energy 

efficiency should be provided, by considering the functions 

of the place, the purpose of the use of the place and how 

much energy is spent in the use phase.  

In areas with warm climates, the living areas in building 

design where the user spent more time should be directed to 

the southern facade. The southern facade minimizes the 

energy to be used for warming and lighting by taking the 

sun's rays directly into the place. On the south facade, it is 

necessary to direct places such as rescue chamber, saloon, 

living room, bedroom, kitchen and to direct bathroom, wc, 

cellar and warehouse to the north facade.  

3.1.9. Material Selection 

The materials used in the building should be selected so as 

not to damage the natural resources. The deterioration of the 

natural environment damages the living health. The use of 

materials which are high-tech, and which consume high 

energy in their production and life cycle process, reveals 

environmental problems. Local materials which consumes 

less energy throughout the production and the life cycle 

should be preferred instead of materials consuming excess 

energy.  

3.2. Regulations  

To prevent inefficient use of energy on the world, to 

improve the quality of construction, to minimize the harm of 

natural disasters thus to increase the comfort level of the 

places where people live, many regulations and standards 

have been set up. These regulations and standards they all 

aim to improve the quality of life of people and to preserve 

nature.  

Regulations, in the most general sense, are the rules of law 

which are made by the ministries or public legal persons 

regarding their respective fields of activity to ensure the 

application of laws and regulations Standards in the building 

sector refer to the regulations which are agreed upon, 

approved by an accepted organization, which aim to 

establish the most suitable order in the present circumstances, 

which aim at the establishment of the product's features for 

common and repeated uses, processing and production 

methods, their related terminologies, symbols, packaging, 

marking, labeling and suitability assessment procedures, 

which point out one or more of these issues and which is 

mandatory to be complied with.  

The main regulations and standards used in the 

construction sector are as follows;  

  Zoning Law  

  Zoning Regulations  

  Regulation on Building Materials  

  Regulation on Energy Performance of Buildings  

  Regulation on Review and Management of 

Environmental Noise  

  Regulation on Protection of Buildings from Fire  

  Regulation on Thermal Insulation in Buildings  

  TS 825: Standard for Heat Insulation in Buildings  

  Regulation on the Buildings to be built in the Disaster 

Areas etc.  

The following regulations are briefly described below.  

Development Law; The purpose of this law is; to provide 

the organization appropriate for plan, science, health and 

environmental conditions of the residential areas and 

settlements in these areas. (Development Law, 03.05.1985) 

[15]  

Zoning Regulations; with zoning plans and legislation 

provisions of the settlements and constructions within the 

border of the area of responsibility of the State Metropolitan 

municipality, the municipality and the adjacent area, they are 

prepared for providing the organization suitable for the 

social and technical infrastructure, science, health and 

environmental conditions. (IBB Zoning Regulation, 

20.05.2018) [16]  

Building Materials Management; The purpose of this 

regulation is; to determine the method and principles about 

the market surveillance, supervision procedures, the main 

requirements and the conformity assessment procedures to 

which the building materials produced to be used in all 

construction works including building and other works of 

civil engineering are supposed to be tied. (Building 

Materials Regulation, 10.07.2013) [17]  

Regulation on Assessment and Management ofthe 

Environmental Noise; This regulation is intended to 

determine the principles and criteria for combating the 

effects of exposure to environmental noise and to take some 

research, information and measures to implement these 

criteria on the basis of noise sources, in order to develop an 

environment that will not disturb the physical and mental 

health, peace and tranquility of individuals with the noise. 

(Regulation on Assessment and Management of 

Environmental Noise, 04.06.2010) [18]  

Regulation on the Protection of Buildings from Fire; It 

aims to provide organization, training and control with the 

measures to be taken before or during the fire which is 

extinguished by minimizing any kind of loss of life and 

property in the process of the design, construction, operation, 

maintenance and use of all kinds of buildings, housings, 
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facilities and enterprises used by public and private 

institutions, foundations and real persons. (Regulation on 

Fire Protection, 19.12.2007) [19] 

Regulation on Thermal Insulation in Buildings; The 

purpose of the TS 825, is to restrict energy amount used for 

the heating of buildings in Turkey thereby increasing energy 

savings and to determine the standard calculation methods 

and values to be used to calculate energy requirement. The 

standard can also be used to choose the design option which 

will provide the ideal energy and performance by applying 

the calculation method and value to the various design 

alternatives of a new building, to determine the net heating 

energy consumption of the existing buildings, to determine 

the amount of saving provided by energy saving measures 

which can be applied before applying a renewal project to  

an existing building. (Heat Insulation Regulation in 

Buildings, 09.10.2008) [19] 

3.3. Working Area  

Pendik district of Istanbul, Çınardere neighborhood, 

G22A15B2B map, 0 island, parcel of 4841 was selected as 

the study area. It is a region that develops with rapid 

construction in the north of Pendik district. There is a 

shopping mall, a school, high-rise houses, hospitals and a 

metro station in this area. As an alternative to the existing 

residences in the study area, renewable energy is employed 

in the design of alternative housing by using active and 

passive systems in architecture.  

The climate of this region is warm and humid in summers, 

warm and wet in winters. Summers are dry in terms of 

rainfall. Since it is close to the coast, the humidity is high. 

Heating in winter and cooling in summer is required. Shade 

elements are recommended for hot months. No shading 

during the cold months.  

 

 

Figure 3.4.  Pendik sub-province, Çınardere district [20] 
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3.4. Zoning Plan Notes of the Region  

The revised zoning plan notes of the Çınardere 

neighborhood of Pendik district dated 13.12.2013;  

(1) In Housing Areas;  

In the parcels with parcel area of 0 m² - 300 m²;  

KAKS = 1.25  

In the parcels with parcel area of 300 m² - 1000 m²;  

KAKS = 1.50  

In the parcels with parcel area of 1000 m² - 3000 m²;  

KAKS = 1.75  

In the parcels with parcel area of 1000 m² - 3000 m²;  

KAKS = 1.75  

In the parcels of 3000 m² and above;  

KAKS = 2.00  

TAKS: 0.40  

Maximum Building Height: 30.50 m (provided that it does 

not exceed obstacle plan criteria) (2) In the parcels that will 

be formed as a result of the land amalgamation of the parcels 

of less than 1000 m² in the Residential Areas;  

In the parcels with parcel area of 1000 m² - 2000 m²;  

KAKS = 2.00  

In the parcels with parcel area of 2000 m² - 3000 m²;  

KAKS = 2.25  

In the parcels of 3000 m² and above;  

KAKS = 2.50  

TAKS: 0.40  

Maximum Building Height: 30.50 m (provided that it does 

not exceed obstacle plan criteria) (3) 20% of the parcel area 

will be allocated as a reinforcement area such as green field, 

religious facility area etc. in the implementations of the 

parcels larger than 3000 m² which were formed as a result of 

amalgamation in the housing areas. [URL83] 

 

 

Figure 3.5.  Development plan of Çınardere district  
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3.5. Project Details  

Housing design has been made in terms of sustainability 

concepts by using renewable energy sources. It is designed to 

be suitable for climate and terrain of the Pendik region. It is 

aimed to design a housing which can use the maximum 

amount of solar energy and make use of the fossil resources 

as little as possible and produce its own energy. Value-added 

has been created by making sustainable applications such as 

photo-voltaic panels on roofs and intensive green roof and it 

is designed as a living area to provide sustainability.  

 

Figure 3.6.  Location Plan  

 

Figure 3.7.  Pv system detail 

 

Figure 3.8.  Roof plan  

 

Figure 3.9.  3D model of roof  
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The building is designed in rectangular form because it is a 

mild and humid climate zone. It is a building consisting of 8 

floors and 115 independent sections. The ground floor is 

1378 m² and the first floor is 1521 m² and the total 

construction area is 16246 m². The building has been 

provided with parking space for each flat in accordance with 

the IBB parking regulation dated 22.06.2007. However, 

passive applications related to the orientation of the building 

and room settlements could not be utilized. The building is 

located in the parcel according to the drawing distances in 

the zoning status taken from the official institution.  

Natural lighting is provided by high and wide windows. 

There is no need for shading on the northern facade. The 

green roof absorbs the sun's rays in summer and reduces the 

effect of hot air. The window joinery is made of wood and 

the windows are double-insulated with the low-e system. 

Low-e prevents the sun's rays from directly passing through 

the place. As the insulation material, stone wool, which is 

available locally, has been used. Use of low-VOC paint and 

adhesive does not adversely affect human health. 

The roof, tile, floor, wall, window, door components were 

insulated and the energy was protected. The electricity 

produced from solar energy with the photo-voltaic panels on 

the roofs are stored in batteries in electrical car park floors 

use in the building and in the electric vehicles.  

Minimizing the environmental effects of buildings by 

reducing energy consumption of the buildings is ensured by 

the active and passive application of energy efficient design 

principles. In many countries, the relationship between the 

building and the wind and solar energy are given the 

necessary importance. With the building systems and 

construction techniques developed in the recent years, it is 

seen that the energy efficient designs have started to be built.  

4. Conclusions  

The Several advantages of renewable energy resources in 

comparison with other energy resources, the wind and solar 

potential determined by the measurements made and the 

technological developments in the renewable energy sector 

all over the world, caused the related institutions and 

organizations, The Ministry of Natural Resources in the first 

place, to start the studies. Wind and solar farms were 

established and continue to be established. However, despite 

the high energy losses caused by the buildings in our country, 

the number of buildings actively benefiting from these 

energy sources is quite low.  

In Turkey, the rate of using the passive systems is more 

than that of using the active systems. Passive system 

parameters must be taken into consideration when designing 

and implementing the building. In the control of the architect 

who designs the building, apart from the sanctions 

determined by the regulations prepared by the relevant 

institutions and organizations, these parameters should be 

reflected in the architectural project, and a project that carries 

out the least energy cost together with the engineers with 

interdisciplinary work should be put forward. In our country, 

buildings created in this discipline are available but not 

enough.  

The use of renewable energy sources in Turkey is planned 

to have a broad range of application areas in the very near 

future as it is in the developed countries. The EU has 

published directives and guidelines by generating a set of 

legal and binding targets for Member States to comply with 

the requirements for renewable energy sources. The 

developments experienced in wind and solar energy 

investments in recent years, in Turkey, which is in the 

European Union accession process, are promising. However, 

the utilization of the energy obtained in the wind and solar 

farms, in the buildings will reduce the energy consumption 

resulting from the construction sector and will contribute 

greatly to the national economy.  

The issues that Turkey need to do in order to progress in 

this platform and come to the level it deserves are listed 

below.  

  Large portions of the photo-voltaic panels and wind 

turbines used in the wind and solar energy plant market 

in Turkey, are imported. Domestic production should 

be encouraged by the work of the state.  

  Wind turbines in residential areas should be increased 

by design of the wind turbines with high performance at 

low wind speeds and by the decreases in unit costs.  

  Building systems should be developed and the 

economic infrastructure for the application of wind 

energy-based application methods should be matured.  

  The effects of building-supported and 

building-integrated wind turbines on buildings should 

be detected by technical studies beforehand, to ensure 

that the necessary safety measures are taken in order to 

prevent the threats for public safety.  

  It is necessary to ensure that renewable energy 

technologies and applications are introduced to 

different segments of the society, and to increase social 

awareness and sensitivity in this topic.  

  The contribution of renewable energy technologies to 

the country's economy is not only to reduce dependence 

on foreign sources in energy. It should also be adopted 

as a state policy that will enable employment with new 

lines of business.  

As a result; by raising awareness of the society and 

regulating the legal arrangements to promote the use of 

renewable energy resources, the studies similar to or more 

than the world examples can be developed in our country, as 

well.  
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