
46 Energy E� icient Solutions For Built Environments

4. ENERGY EFFICIENCY AND ENERGY 
EFFICIENT BUILDING APPROACHES

Today, with the constant developments in technology 
and changes in lifestyle, the energy requirement is inc-
reasing day by day. Particularly with the energy crisis in 
the 1970s, the understanding that fossil fuels are neither 
environmentally friendly nor renewable sources, has 
led to questioning the concepts of environment and 
energy. Thus, researching new energy sources at local, 
regional and global scale and making effective use of 
renewable energy sources have started to be among 
the energy policies of many countries (Dikmen, 2011). 
Efficient use of energy can be defined as reducing the 
amount of energy required to obtain a service without 
compromising the desired performance level, quality 
and comfort conditions (Gültekin and Demircan, 2015). 

A significant portion of the energy in the construction 
sector is spent on heating, cooling, ventilation and 
lighting systems that provide comfort in the building. 
Fossil fuels used for this purpose cause high level 
environmental pollution, increasing the energy costs 
(Sev, 2009). This encourages countries to build energy 
efficient buildings. Energy efficient building design can 
be defined as designing for effective and efficient use 
of energy by using variable physical environment data 
such as climate, direction and dominant wind during 
the architectural design process (Dikmen, 2011). In 
energy efficient building design, the aim is to minimize 

the amount and cost of energy inputs for individual 
and social benefit without decreasing the standard 
of the building within the scope of all materials and 
components that make up the building, usage, main-
tenance, operation and selection and management of 
air conditioning systems (Tıkansak, 2014).

The fact that fossil fuels that provide energy for bu-
ildings are scarce and consumable necessitates the 
use of renewable energy sources that do not pollute 
the environment, can renew itself and have no cost 
of production. The use of renewable energy sources 
classified as solar, wind, hydrogen, biomass, hydro 
power and geothermal energy is expected to become 
compulsory in the future. Another expectation is that 
the provision of clean, reliable and economic energy 
will be adopted by the states as an indispensable 
energy policy (Sayın, 2007). 

28% of the energy consumed in Turkey is generated 
by the country’s own resources, and 72% is imported 
and this rate is increasing every day (Kara, Gültekin, 
Aliefendioğlu and Tanrivermiş, 2016; Gültekin and Fa-
rahbakhsh, 2016). Parallel to these ratios, the adoption 
of an energy policy for the use of renewable energy 
sources and the design of energy efficient buildings is 
gaining importance day by day also in the construction 
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proper location of the building, sufficient distance 
between buildings, correct orientation of the building, 
climate-compatible building form and building shell, 
and natural ventilation (Gültekin and Demircan, 2015). 
In the building design process, each parameter should 
be holistically considered with other parameters and 
to meet user requirements (Yasan, 2011). It may be pos-
sible to design energy-efficient buildings by means of 
passive and active systems, through these parameters. 

4.1.1. Building Location
The location of the building is a design parameter that 
is effective in climate control and prevention of air 
pollution. This parameter contains items such as the 
direction where the building is located and the slope. 
Considering the amount of solar radiation affecting the 
building and the air flow rate around the building is 
of great importance for climate control (Tunalı, 2012). 

The location of the building is evaluated within the 
scope of the direction, slope and cover (solar refle-
ctivity) over the plot of land on which the building 
will be constructed (Ovalı, 2009). The location of the 
buildings should be determined according to the cli-
matic character of the region and the climatic needs 
of the people. Buildings should be placed according 
to the direction and inclination that allow maximum 
solar radiation gain when heating is required and 
minimum solar radiation gain when heating is not 
required. When positioning buildings, pit areas that are 
not suitable for settlement in terms of high humidity 
and contamination, or the lowest elevation limit for 
settlement should be considered. In addition, it is of 
great importance to locate buildings in settlements 
with different functions such as industry, trade and 
housing so as to prevent the effect of wind to carry 
pollution from one region to another.

The benefits of choosing the right location for buildings 
can be listed as follows (Yasan, 2011): 
• Reducing the need for artificial heating and air 

conditioning and consequently reducing energy 
expenditures and preventing air pollution,

• Preventing negative effects of pollutants on settle-
ments with other functions,

sector in Turkey. With regard to efficient use of energy 
in Turkey, the Energy Efficiency Law (Energy Efficiency 
Law, 2007) was adopted in 2007. Within this framework, 
the Regulation on Energy Performance in Buildings 
(Building Energy Performance Regulation, 2008), whi-
ch entered into force in 2010 in order to increase the 
energy efficiency of buildings, was prepared. Energy 
efficient project design is expressed in this regulation 
as “In the architectural design of buildings, the need 
for heating, cooling, ventilation and lighting is kept to 
a minimum by considering the zoning and block / plot 
status. Natural heating, cooling, ventilation and lighting 
opportunities are maximized by taking into account 
the effects of sun, moisture and wind effects.” In this 
context, buildings should be designed considering 
energy efficient design parameters.

4.1. Energy Efficient Building Parametres
The rapid depletion of energy resources in today’s 
world has necessitated to take into account the effi-
cient use of energy and provide solutions in developed 
countries. Effective use of energy in the construction 
sector will also contribute to reducing energy waste on 
a global scale. In this context, “energy efficient building 
design approaches” has found an important place in 
interdisciplinary studies in recent years. The following 
principles are aimed through energy efficient building 
design (Utkutuğ, 1999; Özteker, 2005): 
• Reducing unnecessary heat gains and losses by 

increasing energy conservation,
• Using combined passive and active air conditioning,
• Preventing atmospheric pollution, climate imbalances 

and ecological deterioration,
• Using more efficient and environmentally friendly 

renewable energy resources instead of expensive 
and scarce fossil-based resources.

The most efficient method of energy efficient building 
production is climate-balanced building design. It has 
been calculated that the energy consumed for heating 
a building produced with climate-balanced design in 
Europe is 10 times lower compared to other buildings 
(Tıkansak, 2014). Building-related design parameters to 
be considered in the energy efficient building design 
process can be classified as; land-suitable settlement, 
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The basic principle in guiding a building is to ensure 
that solar gain is kept highest in winter and lowest in 
summer. The steep angle of the summer sun, and the 
leaning angle of winter sun in the northern hemisphere 
lead south-facing surfaces receive more solar radiati-
on in winter and provide easy protection with eaves 
or sunshades in summer. Thus, south-facing façades 
gain importance in energy efficient building design 
(Gültekin and Demircan, 2017).

Another principle in orienting the building is to pro-
vide natural ventilation by taking advantage of the 
prevailing wind (Tunalı, 2012). In the climates where 
wind is of primary importance, the prevailing wind 
direction is considered the most appropriate direction. 
The buildings should be designed to be closed to the 
dominant wind, oriented to the south, less fragmented, 
located in the east-west direction with reduced outer 
surface area. 

4.1.4. Building Form
Building form is defined by geometric variables of the 
building, the shape factor (the ratio of the length of 
the building to the depth of the building), the height 
of the building, the type of roof (flat, hipped and 
saddle roof), roof slope and façade slope. The values 
listed below may vary depending on the form of the 
building shell that covers a living area and separates 
it from the external environment (Berköz et al., 1995):
• Total surface area of the building,
• Façade areas facing different directions with different 

slopes,
• Roof surface areas facing different directions with 

different slopes,
• Proportions between façade and roof surfaces.

When the traditional architectural examples in the 
regions with different climatic characteristics are 
examined, it is seen that there are building examples 
with different building forms (Table 4.1). In hot and 
humid climate zones, thin long forms and individual 
settlements should be designed with the long façade 
of the building directed to the prevailing wind direction 
for natural ventilation. Buildings should not stand on 
the ground but structured on columns and maximum 

• Ensuring rational use of land by achieving maximum 
building density without compromising human 
health,

• Providing social comfort by creating healthy and 
comfortable open spaces (parks, living-play terraces, 
sports areas, etc.) within the framework of garden-city 
approach.

4.1.2. Building Ranges
Buildings can function as solar radiation and wind 
barriers for each other, depending on the distance in 
between, their heights and positions relative to each 
other. Therefore, the use or protection of the heating 
effect of solar radiation is a function of the size of the 
distance between buildings. The distances between 
buildings should be determined so as not to interfere 
with each other’s solar radiation gains and beneficial 
wind effects (Gültekin and Demircan, 2017).

While designing buildings and building groups, the 
units should be distanced appropriately in order not 
to prevent the sun and wind reception angles of the 
buildings. Therefore, the minimum building distance 
should be arranged to be equal to or greater than the 
longest shaded depth created by neighboring buildings 
(Koca, 2006). Thus, it may be possible to make effective 
use of the sun during the peak energy consumption 
for heating and cooling (Yasan, 2011; Tunalı, 2012). The 
most efficient building distances in terms of solar ra-
diation and wind are now determined by simulation 
programs and optimum solutions are achieved.

4.1.3. Building Orientation
The orientation of the building can be stated as an 
important design parameter for providing natural 
ventilation in indoor spaces, controlling light and pre-
venting unnecessary heat loss. Therefore, according to 
the needs of the climate zone, the buildings should 
be oriented in such a way that they can benefit from 
the sun and wind, and protected from them when 
necessary. External climatic elements such as solar 
radiation and wind vary according to the direction. 
The heating effect of solar radiation and the cooling 
effect of the wind vary according to the orientation 
of the buildings.
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le building shells with low heat storage capacity are 
designed due to the cooling priority and low day-to-
day temperature difference in the hot-humid climate 
zone, building shells with high heat storage capacity 
are preferred in hot-dry climate zones due to the high 
day-night temperature difference (Ovalı, 2009).

Characteristics of the building shell that can be pre-
ferred according to the climatic regions are given in 
Table 5.2. In hot-humid climate zones large size win-
dows should be preferred in order to let air flow and 
ventilation provided that solar control measures have 
been taken. In hot-dry climate zones, small windows 
should be preferred, as it is necessary to keep the 
glass areas exposed to sunlight to a minimum. In cold 
climates, few windows with small size should be used 
in order to reduce heat loss rates. Because of the high 
potential heat gain from the south during the winter 
season, the rate of transparency of the south façade 
should be higher than the other façades (Yasan, 2011). 

Table 4.2. Building shells according to different 
climate zones (Yasan, 2011)
CLIMATE 
ZONE

BUILDING 
SHELL

CHARACTERISTIC OF 
THE BUILDING SHELL

Hot-
Humid

Large windows with 
shading elements, raised 
or sloping roofs should 
be preferred to provide 
natural ventilation. Walls 
should be selected from 
light colored material with 
low heat storage capacity.

Hot-Dry

Small size windows and 
flat roofs should be 
preferred to protect from 
the heat effect of the sun. 
On the other hand, the 
material with high heat 
storage capacity should 
be selected due to the 
large daily air temperature 
changes.

benefit should be provided from air circulation (Yasan, 
2011). In hot and dry climate zones, courtyard forms 
should be used to minimize heat gain and to provide 
shady and cool living spaces. In cold climate zones, 
more compact and multi-layered forms should be 
preferred to minimize heat loss (Tunalı, 2012).

Table 4.1. Building forms according to different 
climate zones (Yasan, 2011)

CLIMATE 
ZONE

BUILDING 
FORM

CHARACTERISTIC OF 
THE BUILDING FORM

Hot-Humid
Surface open to the 
wind, long, nearly 
rectangle

Hot-Dry
With courtyard, square 
based, with open 
surface to space

Mild-Dry 
and Mild-
Humid

Closed to the wind 
during the season 
when heating is 
needed, compact

Cold

Less surface open to 
the wind, minimizes 
the outer surface, 
compact, square based

4.1.5. Building Shell 
The building shell includes building components that 
cover a living space, separating this area from the external 
environment. It is one of the important parameters under 
decided the designer in providing energy performan-
ce and climatic comfort (Koca, 2006). The optical and 
thermophysical properties of the building shell are of 
significance for energy efficient building design. These 
characteristics are the determinants of the amount of 
heat gained by or lost from the unit area of the building 
shell by the effects of outdoor temperature and solar 
radiation. Internal environmental climatic conditions 
and artificial heating and air conditioning loads vary 
depending on the total amount of heat gained and 
lost from the building shell (Özdemir, 2005).

The optical and thermophysical properties of the 
building shell should be designed to meet different 
comfort requirements for different climate zones. Whi-
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zones, and the speed is determined by the amount 
of pressure difference (Oral, 2005).

Natural ventilation conditions that occur in spaces are 
related to the characteristics of natural ventilation sys-
tem and external climatic conditions (Özdemir, 2005). 
Natural ventilation of buildings is important in terms of 
balancing indoor comfort conditions within the scope 
of user health and reducing cooling loads. The natural 
ventilation potential of a building is determined by the 
openings in the building shell in the direction of the 
prevailing wind, its location and dimensions (Ovalı, 
2009). If one-way ventilation is preferred in the space 
used for efficient natural ventilation, transverse strip 
windows should be preferred. The openings for airflow 
should be near the mid-wall line and airflow should 
be created by considering living environ (Yasan, 2011). 
Depending on the different opening positions and 
side wall organizations, indoor ventilation principles 
are given in Figure 4.1.

4.2. Energy Efficient Building Sources
Certain factors such as increased energy costs and 
environmental pollution encouraged countries to build 
energy efficient buildings. The scarce and exhaustible 
nature of fossil fuels that supplies energy for buildings 

Mild-
Dry and 
Mild-
Humid

Large windows and 
insulated sloping roofs 
should be preferred to 
provide natural ventilation. 
On the walls, materials 
with insulation values 
that will provide comfort 
conditions in the interior 
should be selected.

Cold

In order to reduce heat 
loss, small windows and 
insulated sloping roofs 
should be preferred. On 
the walls, well insulated 
material with high heat 
storage capacity should 
be selected.

4.1.6. Building Ventilation
Natural ventilation is the process of replacing the used 
air with fresh air or outdoor air to form air flow. Air 
flows are caused by atmospheric pressure differences. 
Temperature differences lead to density differences 
between the air masses. Density differences also cause 
atmospheric pressure differences. The direction of an 
air flow is determined by the location of the pressure 

Figure 4.1. The principle of natural ventilation in building design (Ovalı, 2009)
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Table 4.3. Turkey’s monthly average solar energy 
potential (General Directorate of Electrical Power 
Resources Survey and Development Administ-
ration, 2016) 
MONTHS MONTHLY TOTAL SOLAR 

ENERGY
SUNSHINE 
DURATION

(Kcal/cm2-month) (kWh/m2-month) (hour/month)

January 4,45 51,75 103,0
February 5,44 63,27 115,0
March 8,31 96,65 165,0
April 10,51 122,23 197,0
May 13,23 153,86 273,0
June 14,51 168,75 325,0
July 15,08 175,38 365,0
August 13,62 158,40 343,0
September 10,60 123,28 280,0
October 7,73 89,90 214,0
November 5,23 60,82 157,0
December 4,03 46,87 103,0
TOTAL 112,74 1311 2640
AVERAGE 308,0

cal/cm2-day
3,6

kWh/m2-day
7,2

hour/day

Solar energy has been a highly preferred energy 
source in the construction sector in recent years since 
it is locally applicable and does not require complex 
technology. It can be said that solar energy is the most 
widely used renewable energy source for heating, co-
oling, lighting and electricity generation in buildings. 
By using solar energy, the heating and cooling costs of 
the building can be significantly reduced, and energy 
conservation is ensured (Gültekin and Dikmen, 2011). 
Solar energy is used in buildings through passive and 
active systems. In the design phase of buildings, the 
use of solar energy to heat the spaces is called “passive 
solar systems”, every technological product added to 
the design is defined as “active solar systems” (Bekar, 
2007). Passive solar systems provide heating, cooling, 
natural ventilation and natural lighting in buildings; 
while heating, cooling and electricity generation are 
provided through active solar systems.

4.2.2. Use of Wind Energy in Buildings
Wind energy is the altered form of solar energy. Since 
it is impossible for the sun’s rays to heat the seas, land 

brought along the need to use renewable energies 
that do not pollute the environment and have no 
cost to generate energy. Alternative energy sources 
classified as solar energy, wind energy, geothermal 
energy, hydrogen energy, biomass energy and hydro 
power energy are renewable. This has enabled deve-
loped countries to invest in these resources, leading 
to the rapid development of relevant technologies. 
Energy sources that can be used by human beings 
can be classified as non-renewable energy sources 
and renewable energy sources in terms of their 
effects on the environment and their exhaustibility. 
Non-renewable energy sources are fossil sources 
such as oil, natural gas, coal, peat, petroleum rocks 
that have been reserved for millions of years. With 
the rapid depletion of non-renewable resources and 
increasing damage to the environment, it has been 
a matter of concern to resort to renewable energy 
resources. Renewable energy sources are continuously 
renewable and inexhaustible sources within the evo-
lution of nature itself. Renewable resources should 
be preferred in the construction sector since they 
are preventing air, water and soil pollution, they are 
domestic and environmentally friendly, supporting 
social and economic development. Renewable energy 
sources commonly used in buildings can be classified 
as solar energy, wind energy and geothermal energy.

4.2.1. Use of Solar Energy in Buildings
Owing to its geographical location, Turkey is in an ad-
vantageous position in terms of solar energy compared 
to many other countries. A study was conducted by 
the General Directorate of Electrical Power Resources 
Survey and Development Administration (EIE) using 
the sunshine duration and radiation intensity data 
measured between 1966-1982 from the archives of 
the General Directorate of State Meteorological Affairs 
(DMI). In this study, it was determined that Turkey’s 
average annual sunshine duration was 2640 hours 
(daily total of 7.2 hours) and the average of the total 
solar radiation was 1311 kWh/m2-year (daily total of 
3.6 kWh/m2) (General Directorate of Electrical Power 
Resources Survey and Development Administration, 
2016). Monthly solar energy potential of Turkey and 
sun duration values are given in Table 4.3. 
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lizer, lithium, heavy water, hydrogen), aquaculture, spa 
tourism, and heating and cooling of buildings (Turkey 
Geothermal Association, 2015).

The first process of electricity generation from geothermal 
energy in the world began in 1904 with the commissi-
oning of a 0.5kW pilot unit in Larderello, Italy. Currently, 
the US is in the first place in terms of the total power 
of installed geothermal power plants. 27% of the total 
electricity production in the Philippines, 7% in California 
and 56% in Papua New Guinea are generated from geo-
thermal energy. In Iceland, 86% of the total heat energy 
(city heating) needs is met by geothermal energy. As of 
2015, geothermal power generation in the world is over 
13000 MW installed capacity and 106 billion kWh / year. 
Geothermal energy potential in Turkey is given in Table 
4.4. The highest value is of Aydın Germencik (44.7 MWe) 
Geothermal Power Plant with 99.4%. In April 1999, the 
Balçova Geothermal District Heating System was selected 
by EGEC (European Geothermal Energy Council) as one 
of the seven most successful technical and economic 
geothermal applications in the world (Mertoğlu, 2017).

Table 4.4. Geothermal energy potential in Turkey 
(Mertoğlu, 2017)
GEOTHERMAL ENERGY 
USE AREA

GEOTHERMAL ENERGY 
USE CAPACITY 

Central heating(city/
residential)

115000 housing equivalent 
(1033 MWt)

Greenhouse heating 3930 decare (760 MWt)
Heating of spa facilities, 
thermal hotels and 
vacation rental facilities

46.400 housing equivalent 
(420 MWt)

Thermal energy of thermal 
water used in hotels, spas, 
condominiums 

400 Kaplıca tesisi (1005 
MWt) (18,5 million people 
per year)

Drying fruits and 
vegetables

1,5 MWt

Geothermal heat pump 42,8 MWt
Total heat usage 3262,3 MWt (313.000 

housing equivalent)
Totol electricty generation 820 MWe (Aydın-

Germencik, Denizli-
Sarayköy, Aydın Salavatlı, 
Aydın-Hıdırbeyli, 
Çanakkale-Tuzla)

and atmosphere homogeneously, resulting tempera-
ture differences create pressure differences. The wind 
is an air movement from the high-pressure zone to the 
low-pressure zone.

Wind power is a renewable energy source which does 
not cause harmful emissions, does not consume natural 
resources, does not harm the environment, does not cause 
global warming and acid rain. It is effective in terms of energy 
supply security, reduces dependence on other countries 
in terms of economic, political and supply risks, eliminates 
fuel costs and is local, natural and of solar energy origin.

The use of wind energy in buildings is provided by 
passive and active systems. Wind can be used passively 
through natural ventilation. Natural ventilation is caused 
by the temperature difference between the indoor and 
outdoor wind. Ventilation can be enhanced by stack effect 
and pressure difference based on elevation difference.

In summer, it is possible to circulate the air taken from 
the openings in the north at lower elevations in the 
direction of the prevailing wind and leave it out at upper 
elevations with natural ventilation. In winter, air that is 
heated in the solar chimney with the greenhouse effect 
is delivered to the spaces through natural circulation. 
Electricity generation, pumping systems and thermal 
energy are also using active wind energy. The most 
common of these active applications is the generation 
of electricity through wind turbines.

4.2.3. Use of Geothermal Energy in Buildings
The lexical meaning of the term ‘geothermal’ is “ground 
temperature”, and the geothermal energy is defined as 
the thermal energy contained in hot water, steam, gas 
or superheated dry rocks that are deposited at various 
depths within the earth’s crust. The geothermal energy, 
which emerges as a result of the outpouring of the in-
ternal energy in the earth, condenses as hot water and 
steam at depths close to the surface and creates energy 
at depths that can be reached. This internal energy can 
be obtained spontaneously or by drilling. Geothermal 
energy is used in electricity generation, heating of gre-
enhouses, industrial and agricultural drying, chemical 
and mineral production (such as carbon dioxide, ferti-
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has been implemented in Boise Idaho, USA since 1890 
and Reykjavik, Iceland since 1934 (Mertoğlu, 2017). It 
is one of the most common uses of the geothermal 
field as space heating can be done even at low tem-
peratures (maximum 50-70 °C). Starting in 1964 with 
Gönen Park Otel, the geothermal heating in Turkey has 
continued to the present day (Mevlana Development 
Agency, 2017). Table 4.5 shows the data on household 
heating via geothermal energy in Turkey. 

According to the utilization methods of geothermal 
water, geothermal energy systems can be listed as heat 
pumps, in-well heat exchangers and heat pipes. Air, 
soil or geothermal water is used as the heat source in 
the heat pumps, which is the most widely used system 
in buildings. Geothermal energy is used in buildings 
for heating, cooling, electricity generation and water 
heating. Household heating using geothermal energy 

Table 4.5. Current status of the central heating by geothermal energy in Turkey (Turkey Geothermal 
Association, 2015)

Location Number of 
Heated Houses Commissioning

Geothermal 
Water 

Temperature 
(°C)

Capacity (MWt)

Distance 
between 

Geothermal 
and City (km)

Balçova+Narlıdere 35000 1983 140 243 3

Gönen 3400 1987 80 19 2

Simav 12000 1991 125 110 5

Kırşehir 1900 1994 57 20 1

Kızılcahamam 2500 1995 70 28 2

Afyon 10000 1996 95 127,50 15

Kozaklı 3000 1996 90 34 2

Sandıklı 11000 1998 75 119 10

Diyadin 570 1999 70 62 5

Salihli 7500 2002 94 57 6

Sarayköy 2500 2002 95 19 10

Edremit 5500 2003 60 39 4

Bigadiç 1500 2005 96 7 18

Dikili 2000 2009 125 19 10

Bergama 450 2009 70 3 8

Sorgun 1500 2008 80 19 2

Sındırgı 300/3000 2014 98 24 12
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