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1. INTRODUCTION
Until the 1960’s, Ankara witnessed many building types that were in different 

styles and functions.  These building types reflected the architectural style of 
the period and the socio-political situation.  In 1960, different from the previous 
years, a governmental campus was constructed in Ankara referred to as the 
General Directorate of Mineral Research and Exploration (MTA).  This paper 
will analyze MTA with respect to its period, constitution and how it reflects 
the architectural style. In addition, it aims to understand the effect of the MTA 
campus in the development of the city. 

1.1. Ankara in the 1960’s
Before the 1950’s, Ankara had experienced the Jansen plan, although its 

implementation had started with high hopes and enthusiasm, it “could not 
manage to overcome the process where the compact finished forms of the city 
plan was not able to cope with the natural changes that would occur later” 
(Günay, 1988, p. 32).  As a result a new master plan was selected through a 
competition in 1955. 

The Yücel-Uybadin plan, which was named after its Turkish winners, was 
an extension of the Jansen plan that emphasized the north-south axis.  “Both 
in north and south of the city, limits of development were pushed to higher 
altitudes” (Günay, 1988, p. 34).  According to the Yücel-Uybadin plan, which 
emphasized the importance of the Eskişehir Highway and Konya Highway, 
governmental buildings were to be constructed on the Eskişehir Highway. In 
the early 1960’s, MTA and METU (Middle East Technical University) were 
the first buildings to be constructed on the Eskişehir Highway and after 1980 
many of the governmental buildings were situated around the Balgat junction 
and later along the Eskişehir Highway (Dinçer, 2006). Governmental buildings 
that were constructed between 1960 and 1980, were mainly gathered around 
Anıttepe and Genel Kurmay, such as İstatistik, Türk Standartları Enstitüsü, 
Karayolları, Devlet Su İşleri, Devlet Malzeme Ofisi and Türkiye ve Ortadoğu 
Amme İdaresi Enstitüsü.  In addition, Danıştay, Toprak Mahsulleri Ofisi, 
Emekli Sandığı and Sosyal Sigortalar Kurumu were situated in the city center.  
After 1980’s Eskişehir Highway gained importance and it became a focus point 
for governmental buildings. 

In the 1950’s, an important arena for architectural activity were competitions, 
which were generally held by the Ministry of Public Woks or other governmental 
offices.  Some of the competitions were organized for the social programs of the 
state.  Hospitals, high schools and large university campuses were among the 
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more significant architectural works of the period (Yücel, 1984).  MTA, which 
was designed by a competition, was one of the governmental institutions that 
required a new space for its expanding program.  

1.2. Campus Planning
Campuses have their origins in the Western tradition of the Greek agora.  

The term campus was derived from the Greek terminology for a ‘green’ or open 
landscaped area and later, the Roman military ‘camp’ of well planned order.  
A paradox of freedom and control is represented by the concept (Neuman, 
2003).  Neuman (2003) indicates that “although the Greeks may have viewed 
the campus as a setting to spur the commerce the ideas, the Romans saw its 
order in terms of colonization and a way to bring civilization to the conquered 
‘barbarians’”    (p. 2).

Campus planning, its architecture and landscape are critical topics since 
they compose the setting that supports the mission of the institution, they create 
the identity that the institution portrays to its users and visitors, and they assist 
in sustaining the status.  In other words, an institution’s physical campus is a 
critical component of its very existence and survival (Neuman, 2003).  

Reuter, Hawks and Woodin (1987) stated that the campus does not consist 
of just leftover spaces between buildings.  It is “a series of designed places that 
reflect the values of an institution’s wishes to be known for.  It is a culturally 
dynamic, complex landscape setting.  The campus must be a place that feels 
safe, encourages participation, enhances social interaction and appeals to 
students, faculty, staff and visitors on many levels” (cited in Neuman, 2003, p. 
2).  A well-functioning campus results when it is carefully planned and keenly 
managed by enduring planning framework, compelling landscape character, 
strong contextual architecture, controlled perimeter treatments and carefully 
managed encounters (Neuman, 2003). 

In the national and international occasions, there are many examples of 
residential campus techniques that show differences in the application process. 
The development and formation of the campus, like cities, is effected by a variety 
of factors. Some basic examples for these factors can be classified such as: 
approaches of the campus designers, differences in the properties of the climate 
and region, special educational aims, different architectural characteristics that are 
shaped through the cultural improvements of the countries, developments in the 
construction techniques, expectations of the user groups and physical properties 
of the campus site (Türeyen, 2003).  According to these factors, the most common 
residential campus techniques can be classified under twelve headings that are;
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1. Compositional Style
2. Mega-Structural Style
3. Group Style
4. Nuclear Approach
5. Linear Approach
6. Gridion Approach
7. Epidemical Type 
8. Central Type 
9. Molecular Type 
10. Graticule Type 
11. Cross Type 
12. Linear Type 

2. MTA
2.1. Historical Background of MTA
After the establishment of the Turkish Republic, within the improvement and 

development years, the mining matter was taken into consideration.  In 1933, 
two independent associations were established, which were “Searching and 
Operating the Petroleum” and “Searching and Operating the Gold Management” 
that aimed at getting and making use of the underground sources.  In the later 
years, in order to search and operate the mines with necessary geological and 
mining methods in a systematic way, these two associations were brought 
together to form the General Directorate of Mineral Research and Exploration 
(http://www.mta.gov.tr).  

According to the establishment laws, the General Directorate of Mineral 
Research and Exploration, which was established on June 22, 1935 by the 
law number 2804, is responsible for carrying out chemical and technological 
analysis.  They search for and find mining and stone beds and then determine 
whether they are appropriate for operation or not and at the same time educate 
engineers, assist personnel and qualified employers for the sector (http://www.
mta.gov.tr). According to the foundation laws, the institution was commissioned 
for specific services such as:

• to reveal the under soil fortunes like minerals and stone pits in the 
country,

• to search about the necessities and requirements for being more effective 
and suitable in the management,

• to prepare and do the necessary geologic studies, exploration of minerals, 
practices of the chemical and technological experiments,
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• to prepare the documentations and data’s like maps and plans for the 
studies,

• to educate the Turkish geologist, engineers, technicians that will work in 
the special studies (Yüzüncü Yıl Kutlama Kurulu, n.d.).

All these functions can be classified under three main parts as follows:

1. Long-term studies: Studies that are related with the geological structure 
of Turkey and the determination of the mineral potentials (studies and 
researches about the geology, geophysics, mineral inventory etc…).

2. Medium-term studies: Research about the availability of any specific 
material in Turkey.

3. Short-term studies: Detailed assessments about any raw materials 
and making experiments on chemical-technological-economical tests 
(Yüzüncü Yıl Kutlama Kurulu, n.d.) 

Previously, the General Directorate of Mineral Research and Exploration 
institution was on an apartment floor at the opposite side of the Ankara Justice 
Palace.  It was a small establishment that consisted of five units: accountancy, 
laboratory, coal, petroleum and other metals, with 38 employees in total.  Later 
it was moved to the Akköprü foundation.  Due to the rapid improvements of 
the General Directorate of Mineral Research and Exploration, the Akköprü 
foundation became inadequate and in 1967, the institution moved to its current 
place in Balgat campus (http://www.mta.gov.tr).  

2.2. Analysis of the MTA Campus
The campus was designed by Demirtaş Kamçıl and Rahmi Bediz, who 

won the competition held in 1962. The MTA campus, which is located on the 
Eskişehir Highway, is situated on an area of 450 000 meters square that consists 
of 85 service buildings with different functions.  These can be stated as:

• General directorate and administration
• Offices and laboratories that are related to geology, geophysics, mine 

and mineral study and technical operation 
• Cafeteria, museum, library, sports hall and other facilities related to 

social functions
• Heating center, repair workshops, warehouses (Kortan, 1974).
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The form of the MTA campus is in the “Epidemical Type” of campus 
planning.  The most important characteristics of this type is in the use of rare 
building compactness and the casual distribution of the singular building 
groups with the natural landscape area (Figures 1, 2, 3 and 4).  In addition, this 
type requires a very large site because of the epidemical building distribution.  
The development is provided by the construction of the macro-micro scaled 
secondary buildings in the spaces between the units. Also, common institutions 
are placed in a group within the same area (Türeyen, 2003). 

Figure 1: Epidemical Type of Residential Campus Techniques.
(Linde 1971 and Kortan, 1981)
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Figure 2: An Example of a Site for the Epidemical Type Twente 
High School, Hollanda.(Linde, 1971 and Turcan, 1996)
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Figure 3: Site Plan of the MTA Campus.
(Photo taken by the researcher from campus)
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Figure 4: MTA Campus (www.mta.gov.tr)

According to the interview conducted with one of the past directors of MTA, 
the first building to be constructed was the administrative building and afterwards 
the other functional buildings were located around it.  When the MTA campus 
was founded, the construction area was like a swampland and filled with water 
puddles. There was nothing around the campus only a few squatter settlements. 
He mentioned that there was no such thing “as the Eskişehir Highway”. Since 
the campus was far away from the city center, it was referred to as “outside 
of the country”. Due to the distance between the city center and the campus, 
transportation services were organized for the personnel. He emphasized that 
with the construction of the MTA campus in this district, the urban fabric of the 
Eskişehir Highway transformed faster. 

2.3. Analysis of the Buildings in MTA Campus
The buildings within the campus were designed in the International Style with 

the formal geometric order, but introduced a new morphic expression.  Yücel 
(1984) stated that the MTA campus “is more faithful to the Modern Movement 
tradition.  Still, the emphasis on the spaces between its long and low blocs, the 
concern for scale reflected in their size as well as in the rhythmic modulation 
of their facades, and the choice of the materials reveal its kinship to newer 
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approaches and render this complex different from orthodox interpretations of 
the International Style” (pp. 133-134). All the building types are grouped in 
specific areas. With respect to the main design principles, it can be seen that 
MTA has the properties of “Rational Architecture” such as: geometric prisms, 
modular coordination that are formed through the rules and systems, structural 
order (Kortan, 1974).  

Generally, there is consistency and continuity in the planning of the 
buildings; these attributes provide harmony and aesthetics for all the buildings. 
The side facades are in the form of rough textured concrete wall that are fixed 
by specially prepared mould. All these types of applications are an obvious 
effort for the attitude of International Brutalism (Kortan, 1974). Kortan (1974) 
claimed that the textures that were applied on the facades were initially inspired 
from the building of Art and Architecture in the Yale University, which was 
designed by Paul Rudolph. On the other side, marble facing and plaster type of 
covering are used. This is a reflection of the “New Brutalism” that means ‘the 
use of materials in a very honest way’.

In the complex, two different modules were developed, one of them was 1.40 m 
for the offices and the other was 1.70 m for the laboratories. The vertical elements 
that were placed in these modules of the structure were used as the load bearing 
walls and were emptied which were called as the “Hull Wall”. Generally, the 
structural parts are concrete that are expressed apparently (Kortan, 1974). Since 
plastered brick wall is used in the sections of the offices, flexibility is not possible in 
the structures. Materials on the exterior are expressed apparently, but in some cases 
the usual materials and techniques like plaster or marble are used.

In spite of the characteristics of the main design and the facades, there is 
not any usage of prefabrication or pre-cast construction; the advantages of 
this issue are very obvious in these types of campuses that are developed over 
time. This can provide good results not only in economy, speed, perfectness 
and consistency between the buildings, but also in the usage of the technical 
potential of the time (Kortan, 1974). 

Natural Historical Museum can be found on the grounds of the MTA campus. 
The first Natural Historical Museum in Europe was founded in the 16th century. 
However, even in 20th century, there is a lack of Natural Historical Museums in 
our country.  MTA started the studies of constructing the first Natural Historical 
Museum by the knowledge of the lack, for educate the individuals who have 
the ability of think, search, analyze and critique. The Museum, which was 
established in 1935 by MTA under Atatürk’s directives, opened its doors to the 
scientific world and to the public in 1968 (n.a., 1998; Mymerhaba, 2007). 
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The first MTA Natural Historical Museum building is a three storey 
high building that consists of five departments. Materials collected from 
geologic, mineralogical, and paleontological research and study are exhibited 
in 4,000-square-meter museum (Erendil, Yıldırım, Mengi, Şener, Şahin & 
Göktekin, 1995). In 1970’s, worldwide unique examples of fossilized human 
and domestic animal footprints were kept under protection in the Natural 
Historical Museum of MTA (İnaner et al., 2006). But it did not show any other 
progresses and developments in time. In order to create a much more modern 
and international style, it was decided that a new museum building would be 
constructed in the MTA campus. The new building construction started in 1998 
and ended in 2002. In 2003, the Natural Historical Museum was moved to the 
new building. The museum is closed because of the capital errors that were 
done during the construction process and in the usage of the materials (www.
yenisafak.com; www.arsiv.sabah.com.tr; www.focusdergisi.com.tr). 

In addition to Natural Historical Museum, the MTA Library is located in 
the MTA campus. It is a research library which is located on the 8th km of 
Eşkişehir Highway, Ankara. It is has an important capacity as it is the largest 
earth science library in the country and in the Middle East region. It serves 
in MTA General Directorate Campus and is available for everyone except the 
loaning publication service (http://www.mta.gov.tr). It has a large achieve that 
is especially concerned with earth sciences and mining subjects, by supplying 
the native and foreign books, periodic publications, maps, etc. There are 58.000 
books, 180.000 periodical publications under 2118 titles, and 15.000 reports 
that contain all studies and assessments of the researches (Erendil et al., 1995).

3. CONCLUSION
The General Directorate of Mineral Research and Exploration (MTA) is an 

important institution in the Turkish Republic. Within the years, it has expanded 
its program resulting in a need for a larger campus. The current campus, which 
is situated on the Eskişehir Highway, was the first governmental campus that 
was designed by a competition in 1962. Due to its location, the Eskişehir 
Highway transformed and as a result other governmental buildings moved to 
the Eskişehir Highway.  After 1980’s Eskişehir Highway gained importance 
and it became a focus point for governmental buildings.  This paper aimed to 
analyze the MTA campus with respect to its period, constitution, architectural 
style. In addition, it aimed to understand the effect of the MTA campus in the 
development of the city. 



17

REFERENCES
1. Dinçer, G. (2006). Ankara kent yazıları. Ankara Üniversitesi Yayınları 

No: 225.
2. Erendil, M., Yıldırım, S., Mengi, H., Şener, F., Şahin, M. B. and 

Göktekin, Y. (1995). Maden Tetkik Arama Genel Müdürlüğü; 60.Yıl. 
MTA Genel Müdürlüğü.

3. Günay, B. (1988). Our generation of planners, the hopes, the fears, the 
facts: Case study Ankara. Scupad SS, 20th Anniversary Congress, 6-9 
May 1988: Salzburg.

4. İnaner, H., Tokçaer, M., Kaya, T., Akbulut, A., Çalapkulu, F., Mustafa, 
E., Nakoman, E. and Taşkıran, A. (2006). Immediate Protection of the 
Fossilized Human Footprints in the Kula Geopark Area. PROGEO – 
Sarajev.

5. Kortan, E. (1974). Türkiye’de mimarlık hareketleri ve eleştirisi 1960-
1970 (pp.67-155). O.D.T.Ü. Mimarlık Fakültesi Mimarlık Bölümü.

6. Kortan, E. (1981). Çağdaş üniversite kampüsları tasarımı. O.D.T.Ü. 
Mimarlık Fakültesi.

7. Linde, H. (1971). Hochshulplanung, werner verlag gmbh. Düsseldorf, 
Germany.

8. Neuman, D. J. (2003). College and university facilities. John Wiley & 
Sons, Inc.

9.  Reuter, D., Hawks, R. and Woodin, J. (1987). Campus: A Compendium 
of Planning Design. State University of New York, Syracuse Campus 
Environmental Improvement Program in College and University 

10. Facilities. John Wiley & Sons, Inc.
11. Turcan, Y. (1996). Tarihsel süreç içinde yükseköğretim yapılarının 

mekansal analizi. Karadeniz Teknik Üniversitesi.
12. Türeyen, M. N. (2003). Yükseköğretim kurumları ve kampuslar. Tasarım 

Yayın Grubu.
13. Yücel, A. (1984). Pluralism takes command: The Turkish architectural 

scene today. Modern Turkish Architecture, pp.119-152.
14. Yüzüncü Yıl Kutlama Kurulu. (n.d.). Atatürk Madencilik ve MTA: 1935-

1981. M.T.A Matbaası. 
15. ---. (1980). Mimar, 2, p.10. 
16. Mymerhaba. (2007). MTA Natural History Museum. Retrieved October 

26, 2007 from Mymerhaba web site: http://www.mymerhaba.com/MTA-
Natural-History-Museum-in-Turkey-849.html

17. MTA General Directorate retrieved from http://www.mta.gov.tr   



18

18. Yeni Şafak, retrieved from www.yenisafak.com 
19. Arşiv Sabah, retrieved from www.arsiv.sabah.com.tr 
20. Focus Dergisi, retrieved from www.focusdergisi.com.tr



19

Chapter-2

OUTDOOR THERMAL COMFORT 
INDICATORS and INDICES

Muge UNAL CILEK1

1 Cukurova University, Faculty of Architecture, Landscape Architecture Department, 01330, Adana, TURKEY





21

1. INTRODUCTION
Cities are a type of settlement that meets society’s needs, such as settlement, 

work, accommodation, entertainment, and rest. Cities are places where people 
from different social and cultural classes, different ethnic groups and characteris-
tics come together. Rapid population growth has led to rapid urbanization around 
the world. This situation caused the land cover to deteriorate and the transforma-
tion of rural areas into urban areas, the decrease in the understanding of urban 
planning and design integrated with the environment, the formation of unplanned 
urban geometry and the change of urban climate (Zheng et al. 2018, Geletič et 
al. 2019, Hu et al. 2019, Quan 2019, Ochola et al. 2020)Environmental problems 
brought about by rapid urbanization did not remain at a regional scale but showed 
their effects on the world. Therefore, it has become a necessity to take both lo-
cal and global measures. Increasing environmental problems with urbanization, 
transformation in surface change due to the fact that permeable natural areas 
(soil, grass, etc.) are replaced by impermeable artificial areas (concrete, asphalt, 
etc.) The temperature difference between urban and rural areas due to anthropo-
genic effects has been defined as the urban heat island phenomenon (Budhiraja 
et al. 2019, Gholami and Beck 2019, Hu et al. 2019, Chen et al. 2020). Although 
urban heat island studies are among the most common topics in the literature in 
recent years, they differ in cities according to location, urban morphology and lo-
cal climate zones (Alchapar and Correa 2016).

The urban heat island (UHI) phenomenon arises as a result of many factors. 
The most important ones are summarized as follows (Voogt and Oke 1997, Em-
manuel and Fernando 2007, Kuşçu Şimşek and Şengezer 2012): 

• Radiative characteristics of the city canyon,
• Thermal properties of materials used in the city,
• Increase of human-induced atmospheric emissions,
• Increase of the greenhouse effect in the city,
• The decrease in the number of open areas in cities where evaporation oc-

curs and the surfaces of open areas turn into impervious surfaces,
• The formation of the canyon radiation geometry that reduces the effective 

albedo of the system due to the multiple reflections of the shortwave radi-
ation between the canyon surfaces,

• Low turbulence heat transfer on the streets,
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Although UHI studies generally based on urban development, surface materi-
als, climatic factors, and vegetation, the focus of these studies is human comfort. 
Therefore, the design with climate in urban studies has importance to increase the 
quality of life. Design with climate can generally be defined as urban design with 
the bioclimatic condition of the city. Today’s urban designers also describe this 
situation as balancing the environment, and they call these studies design with 
climate (Olgyay 2015).

The aims of design with climate can be summarized as follows:

• Creating microclimatic conditions to increase bioclimatic comfort by tak-
ing advantage of the existing climatic condition of a city,

• Reducing energy use to eliminate the adverse effects of climatic condi-
tions such as cooling, air circulation, humidification, etc., benefiting from 
solar and wind energy (energy efficient design),

• Determining the location and orientation of buildings according to climat-
ic conditions to minimize the negative effects of climate,

• Preventing the formation of urban heat islands that have negative effects 
on people (Panagopoulos 2008), 

• Public space should be located according to the climatic condition of the 
city,

• Increasing the thermal comfort of indoor and outdoor spaces with suitable 
plant species and planting design,

• To improve energy efficiency in material selection and use.

Bioclimatic comfort is the location where people can feel the most comforta-
ble and productive in terms of physical and spiritual, and where climatic condi-
tions (temperature, humidity, wind, etc.) coexist. According to thermal condition, 
the bioclimatic comfort level of cities can be increased by the design of building, 
streets, urban open spaces, and urban green spaces. Accordingly, the criteria that 
should be considered, especially in design with climate, can be grouped under 
two categories:

• Structural criteria: Buildings with suitable location and orientation ac-
cording to the characteristics of slope, aspect and climate, suitable build-
ing distance, building aspect ratios, and material properties,

• Open and green areas design criteria: Green systems surrounding 
the urban area and building area, pedestrian zones, squares, plant types, 
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plant densities, accessibility to green areas, etc. (Sobin and Olgyay 1963, 
Altunkasa 1987)

Studies on indoors and outdoors climatic comfort dates back to ancient times. 
In the first settlements, such as Ancient Egypt, Ancient Rome, Sumer, Assyria 
and Spain, the building and building environments were planned and designed 
to reduce the climate’s negative effects. Some of the climate design characteris-
tics used in ancient times are: (i) planning canyons that will allow shadow and 
air circulation; (ii) gardens and courtyards where the cooling effect of water and 
vegetation is prioritized; (iii) narrow and curved streets designed for protection 
from the extreme effects of the sun; (iv) the use of high and thick walls in build-
ings (Altunkasa 1987).

Previous studies conducted before the 20th century developed and applied as a 
result of long experience and lifestyles. On the other hand, planning and designed 
with the climate in large urban residential areas and optimal use of open and 
green spaces in the city emerged at the beginning of the 20th century. However, 
scientific results for climate design were published and put into practice after the 
middle of the 20th century. The concepts of bioclimatic comfort in the 1950s and 
thermal comfort in the 1980s were included in the climatic studies.

In the International Organization for Standardization (ISO) ISO 7730-1994 
standards, thermal comfort is defined as a state of mind that expresses satisfaction 
from the thermal environment. Generally, this definition is easily understandable; 
however, it is difficult to quantify as thermal comfort may vary from person to 
person (Emmanuel and Fernando 2007). Therefore, thermal comfort can be de-
fined as most individuals’ climatically comfortable state while carrying out their 
indoor or outdoor activities (Altunkasa 1987, Hisarligil 2013, Yücekaya 2017). 
Although the concept of thermal comfort became widespread in the 1980s, it has 
been studied since the 1930s. Thermal comfort is essential for three main reasons. 
The first one is the creation of a climatically comfortable space for the users. The 
second one is the minimization of consumption due to intense energy use. The 
last one is the establishment of standards for improving thermal comfort (Salur 
2016). Defining climatic comfort zones has become a necessity to achieve these 
goals. The climatic comfort zone defined as the temperature range in which the 
body temperature is in a balanced relationship with the natural conditions, with-
out the need for any energy source. Since the 1960s, heat balance models of the 
human body have become increasingly accepted in thermal comfort assessment. 
The basis of these models is the human energy balance equation (Matzarakis and 
Amelung 2008). Three climatic comfort models, which are the basis of current 
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studies that enable the definition of comfort zones by quantifying thermal com-
fort, are widely used in the literature.

a) Olgyay model: The climatic comfort zone was first defined through the 
psychometric chart developed by Victor Olgyay in the 1950s. This chart shows 
the range of thermal comfort that varies according to air temperature, relative hu-
midity and wind speed (Figure 1). The comfort zone located in the centre of the 
chart. The need for shading increases with the temperature and relative humidity 
in the lower limit of the comfort zone. The need for wind for ventilation increas-
es with the temperature and relative humidity in the upper limit of comfort zone. 
Comfort zone can be determined monthly, seasonally, or annually using Olgyay’s 
bioclimatic chart for any location (Olgyay 2015).

Figure 1. Olgyay’s bioclimatic comfort chart (Olgyay 2015)

The topics pioneered by Victor Olgyay and Aladar Olgyay in climate studies 
are bioclimatic approaches to architecture (1951), determination of solar con-
trol and appropriate orientation to meet bioclimatic requirements (1952), applica-
tion of climatic data in housing design (1954), environment and building shapes 
(1954), solar control and shadow elements/equipment (1957), and climate and 
design (1963). These studies aim to improve indoor and outdoor bioclimatic con-
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ditions and to make appropriate design suggestions. Especially the bioclimatic 
chart developed by Olgyay (1963) is still one of the most common methods used 
in microclimatic studies. Olgyay (1963) has set two criteria for determining the 
bioclimatic comfort and needs of a settlement by considering the climatic con-
ditions: the optimum direction and location according to climatic condition. The 
main determinants of these criteria are temperature, solar radiation energy, rela-
tive and specific humidity, and wind speed. The researcher determines the settle-
ment’s topography, land use types, building characteristics, building order, sur-
face properties, material properties, green areas, etc. It has created climate-based 
planning and design for settlements in different climatic zones. Moreover, Olg-
yay and Olgyay (1976) developed a method that can be used to control the sun 
rays and shadow with a suitable location, orientation and spatial order to improve 
indoor and outdoor thermal comfort conditions (Barber 2017). 

b) Fanger model: It is one of the most used models in thermal comfort 
studies. In this model, air temperature, wind speed, average radiant temperature, 
metabolic rate and clothing are determined as factors affecting thermal com-
fort. Fanger (1972) developed an equation that summarizes how the temperature 
change in the human body takes place to achieve thermal comfort by examining 
the environmental variables, metabolic rate and clothing conditions of individu-
als living under constant conditions. According to this equation, Fanger defined 
two different indices, including Predicted Mean Vote (PMV) called thermal sen-
sation and Predicted Percentage of Dissatisfied (PPD) called thermal dissatisfac-
tion (Matzarakis and Amelung 2008). PMV value is the expression of positive 
or negative evaluations about the conditions of the observed individuals. How-
ever, PPD is the dissatisfaction percentage of PMV evaluations. According to 
ASHRAE-55 standards, the thermal comfort perception values range between 
1 to 7, originally classified by Fanger (1972) in the range of -3 to +3 (Table 1). 
Zero (0) is determined as the equilibrium value providing thermal comfort (Salur 
2016).

Table 1. Thermal comfort perception values
Thermal 
comfort 
perception

Cold Cool Slightly 
Cool Neutral Slightly 

Warm Warm Hot

ASHARE 1 2 3 4 5 6 7
Fanger -3 -2 -1 0 1 2 3
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c) Givoni model: Givoni predicted indoor comfort according to outdoor cli-
matic conditions with the bioclimatic chart (Hisarlıgil 2009, Salur 2016). Givoni, 
who examined the relationship between air temperature and absolute humidity, 
aimed to develop designs for different climatic zones that can control climat-
ic comfort with passive methods. Givoni bioclimatic chart (1976)  shows the 
change in the comfort zone according to air temperature and relative humidity 
(Figure 2). The chart shows all the relationships between dry bulb temperature, 
wet bulb temperature, relative humidity and dew point.

Figure 2. Givoni’s bioclimatic comfort chart (Givoni, 1976)

Although these models were initially used to evaluate indoor climatic com-
fort, they have been the primary studies for outdoor thermal comfort (Altunkasa 
1987, Hisarligil 2013, Yücekaya 2017). Early studies of thermal indices were of-
ten limited to estimating the combined effect of air temperature, air humidity, and 
air velocity on immobile people, including simple approximations. The impact of 
human physiology, activity, clothing and other personal data (height, weight, age, 
gender, etc.) was ignored (Olgyay, 1969; Fanger, 1972; Givoni 1976; ASHRAE, 
2001).
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2. OUTDOOR THERMAL COMFORT INDICATORS
Contrary to indoor comfort, outdoor thermal comfort is a relatively new re-

search area. Determining outdoor comfort is more complex than indoor comfort 
due to the spatial and temporal microclimatic variations of meteorological varia-
bles. Examples include the lack of climate control in the outdoor, physical and so-
cio-cultural adaptation of individuals and a wide variety in outdoor use and users. 
Therefore, it is not suitable to directly implement any indoor thermal comfort ap-
proach in outdoor thermal comfort assessment (Johansson et al. 2014). To evalu-
ate the outdoor thermal comfort, it is necessary to take into account human char-
acteristics as well as climatic variables. As a result, the comfort indicators used to 
evaluate outdoor thermal comfort are grouped into two classes as climate-based 
indicators and human-based indicators.

2.1. Climate-based indicators
Climate-based indicators contain four climatic elements that effectively main-

tain the balance between the atmosphere and the human body.
a) Temperature: There are two concepts in temperature, namely air temper-

ature and perceived temperature. While the air temperature includes quantitative 
values measured with a dry thermometer, the perceived temperature expresses the 
air temperature’s effect on the human body by changing with wind and humidity. 
The thermal comfort perception is determined by the relationship between the av-
erage human body temperature (36.5℃) and the average atmosphere temperature 
(23℃). While the thermal comfort is in equilibrium between these temperatures, 
the human body perceives cold or sweat outside of these temperatures (Figure 3).

Figure 3. Human body and atmosphere temperature relationship (Salur 2016)
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b) Mean Radiant Temperature (MRT): It is the energy stored by any sur-
face radiation type. While it is an undesirable temperature in the hot period, it is a 
desired temperature in the cold period. MRT can be controlled by changing land-
scape design, surface materials, vegetation species and density, and architectural 
details. Therefore, MRT can reach different values at different points of the same 
space.

c)	 Airflow	velocity	or	wind	velocity:	Winds caused by the movement of hot 
and cold air with pressure change is another indicator that affects thermal com-
fort. As the temperature difference increases, the speed of air movement increas-
es. It shows different effects between seasons depending on the wind strength and 
wind direction. While it is a desired feature with its cooling effect in the summer 
months, it is a feature that should be taken precautions or controlled as it causes 
cold in the winter months.

d) Humidity: Humidity is the amount of water vapour in the air. There are 
two types of humidity as absolute and relative humidity. Absolute humidity the 
humidity value in the unit air, while relative humidity is the value expressing 
what percentage of the absolute humidity in the saturated air at the same temper-
ature constitutes. Humidity is an essential factor affecting comfort conditions. Es-
pecially in humid indoor conditions, the airflow velocity significantly affects the 
perceived temperature. In cases where the temperature is high, humidity causes a 
feeling of depression; on the other hand, when the temperature is low, it causes a 
chill feeling. Due to the inverse relationship between air temperature and relative 
humidity, the humidity rate should decrease as the temperature increases. Thus, 
thermal comfort can be improved. Humidity is a vital climate element that should 
be controlled to provide thermal comfort.

2.2. Human-based indicators
Human-based indicators such as users’ activities, clothing, age, gender, gen-

eral health status, and subcutaneous fat ratio are important besides climate-based 
indicators to determine outdoor thermal comfort. Although these indicators dif-
fer according to individuals, average values were accepted according to clothing 
types and activity types.

a) Clothing: One of the essential features to provide thermal comfort is 
clothing. The highlight is the thermal properties of the clothes. Clothes are nec-
essary for people in different atmospheric conditions to maintain their body tem-
perature. Clothing varies according to seasons, regions, cultural characteristics 
and activities. The clothing’s function creates a heat regulation system that will 
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keep the body temperature at the average value, even if the external environmen-
tal conditions and physical activities vary. Since weather conditions cannot be 
changed according to individuals, clothes properties such as thinness-thickness 
(cutting the airflow), colour, and texture (radiation storage) are determinant for 
outdoor thermal comfort. Therefore, Clo values of clothes with different charac-
teristics are decisive for determining outdoor thermal comfort (Figure 4).

Figure 4. Clo values of clothes with different characteristics 
(Marmaralı et al. 2006)

b) Metabolic rate: The thermal balance of the body varies according to the 
activities in daily life. Different activities such as running, sitting and walking dur-
ing the day we start after sleeping cause a certain amount of body temperature 
change. Despite this temperature change, the body tries to reach its thermal balance 
in a certain period. Values expressed with Met and called metabolic rate were de-
termined for some activities to evaluate outdoor thermal comfort (Figure 5).

Figure 5. Met values of activity types (Cao et al. 2014)
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c) Age: Differences in metabolic rate and limitation of activity types ac-
cording to different age groups emerge as an outdoor thermal comfort indicator. 
Depending on the metabolic rate in the same environmental condition where the 
elderly is cold, children can perceive warmth, and adults feel comfortable. Be-
sides, if some public spaces serve users of different age groups, the criteria to be 
considered in thermal comfort will require a more detailed examination.  There-
fore, thermal comfort can be calculated by accepting the average value for users 
of different age groups for the same space.

d) Gender: Metabolic rate and some blood values may differ between males 
and females. While women are more affected by cold weather conditions, their 
defence mechanisms against heat, that is, sweating activity, work slower than 
men. The change in hormone values caused by the gender difference causes dif-
ferent metabolic rates, frequency, and sweating levels. However, if the air tem-
perature is assumed to be constant in space, people will be affected differently 
by the air velocity rate. For example, the age, weight, clothing condition are the 
same in the two genders, and the felt temperature value may differ. All these val-
ues are results in line with the assumption that the users are healthy individuals.

e) Subcutaneous fat ratio: Subcutaneous fat ratio, which is closely related 
to whether the individual is healthy or not, is considered a thermal comfort factor. 
This ratio is another value that differs according to gender. Therefore, it is an es-
sential factor in the adaptation process. Subcutaneous fats, which serve as a pro-
tective function for our tissues, cause changes in comfort parameters among users 
in the same place.

3. OUTDOOR THERMAL COMFORT INDICES
Today (2020), there is no international standard for evaluating outdoor ther-

mal comfort, although outdoor thermal comfort studies are common in litera-
ture. However, there are several criteria lists and guidelines that include human 
biometeorological studies. The American Society of Heating, Refrigerating, and 
Air-Conditioning Engineers (ASHRAE) studies are essential in determining the 
criteria and guides for thermal comfort.

ASHRAE is an international association founded in 1894 with more than 
52,000 members in more than 130 countries, including Turkey, working in ener-
gy efficiency, spatial air quality, building installation systems and sustainability. 
The criteria and measures for thermal comfort are determined by internationally 
accepted standards such as ISO 7730 and ASHRAE Standard 5-2004. For exam-
ple, under the title of ASHRAE Standard 5-2004 (Thermal Environmental Con-
ditions for Human Occupancy), thermal comfort is defined as the conditions that 
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a significant part of the people in a certain environment find thermally acceptable.
In general, thermal indices were used to evaluate and classify thermal com-

fort. In recent years, more than a hundred Human Thermal Indices, which in-
clude human-based indicators as well as climate-based indicators, have been de-
veloped. However, indices developed specifically to evaluate outdoor thermal 
comfort are limited in number (ASHRAE 2001, Höppe 2002, Ali-Toudert et al. 
2005). The most common outdoor thermal comfort indices in international stud-
ies are given below.

• Predicted Mean Vote (PMV): PMV is a thermal index developed by Fanger 
(1972) based on test data for 1565 areas in an indoor environment. Fanger 
(1972) equation, originally designed to measure indoor thermal comfort, 
was modified and developed by Jendritzky and Nübler (1981) for outdoor 
conditions. PMV estimates the average value of the thermal comfort state of 
a large group of people using four weather indicators. The climate indicators 
used are air temperature, radiant temperature, wind speed and humidity. It 
also uses two human-induced parameters: clothing level and metabolic rate. 
The PMV scale is defined between -3 (very cold) and +3 (very hot), where 
0 is the thermal neutral (comfort) value. (ASHRAE 2001, ISO 7730 2005, 
Berkovic et al. 2012, Lai et al. 2014).

•	 Effective	Temperature	(ET): It has been developed for indoor and outdoor 
conditions such as ET, PMV and SET. ET is an experimentally determined 
index of combinations of dry bulb temperature, humidity, mean radiant tem-
perature (MRT) and air movement (ASHRAE 2001). 

•	 Standard	Effective	Temperature	(SET): SET is the dry-bulb air tempera-
ture of an environment at 50 percent relative humidity for a person wear-
ing formal clothing for a specific activity in the real environment. In other 
words, SET is a temperature metric that influences relative humidity, aver-
age irradiation temperature, and wind speed and also takes into account the 
expected activity rate and clothing levels (ASHRAE 2001; Blazejczyk et al. 
2012).

• Perceived Temperature (PT): The Perceived Temperature is equivalent to 
a complete heat budget model of the human body. Its suitability has proven 
with a wide range of applications from micro to a global scale; in addition, 
it is used successfully in daily predictions and climatological studies. This 
index is designed for outdoor comfort and is defined as the air temperature 
of a reference environment where the thermal perception will be the same 
as in the real environment (VDI 3787 2008; Blazejczyk et al. 2012).
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• Physiological Equivalent Temperature (PET): PET is the air temperature 
in a typical indoor environment (without wind and solar radiation) at which 
the human body’s heat budget is balanced with the same skin temperature 
as in the complex outdoor conditions to be evaluated (Höppe, 1999). PET 
is a thermal comfort index based on a prognostic model of human energy 
balance that calculates skin temperature, body core temperature, sweat rate, 
and clothing temperature as an auxiliary variable. It is based on the 2-node 
model proposed by Gagge et al. (1971) and was compiled by Höppe (1984) 
and expanded to the Munich Energy Balance Model for individuals. PET, 
which is initially ignored by the thermal differences of seasons and climatic 
zones, converted into equivalent physiological stress on humans before the 
recalculated for three climatic periods, including cold, warm, and hot peri-
ods (Wang et al. 2018). Compared to PMV and PET, PET is more intuitive 
and has the advantage of allowing users to compare the integrated effects 
of complex outdoor thermal conditions with people’s thermal experience. 
Therefore, it is more widely used to determine outdoor thermal comfort. In 
addition, with its easily recognized unit of degrees Celsius (℃), PET is also 
important for users such as urban planners, landscape architects, and deci-
sion-makers (Lin and Matzarakis, 2008).

• Universal Thermal Climate Index (UTCI): The number of 45 scientists 
developed UTCI from 23 countries with a multidisciplinary background 
to standard human biometeorology practices. It is expressed as the equiv-
alent ambient temperature of a reference environment that causes the same 
physiological response as real conditions. It is based on the Fiala mul-
ti-knot model of human thermal regulation with an adaptable clothing 
model. Static clothing insulation in the clothing model is adjusted accord-
ing to the ambient air temperature, taking into account Europeans’ sea-
sonal clothing habits. This index is suitable for thermal evaluations in all 
climates and seasons and all scales. Air temperature at 10 m above ground, 
mean radiant temperature, relative humidity and wind speed are required 
for calculation (Blazejczyk et al. 2012).

4. CONCLUSION
With the development of technology in the 2000s, remote sensing techniques 

and the microclimate simulation (ENVI-met, Rayman, SkyHelios, etc.), compar-
ative urban heat island studies in compact urban area, low-density historical city 
centre, industrial and tourism cities have accelerated. Outdoor thermal comfort 
indices, which were initially calculated manually according to mathematical for-
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mulas, began to be calculated and visualized by a microclimatic model in which 
complex data structure integrated. Models contribute to analysis in different res-
olutions from local to regional scale to determine the climatic differences arising 
from the design features’ changes (different building type, aspect ratio, water 
and green surface ratio, albedo, etc.). According to scenarios, models develop 
principle and recommendations in line with the climate-based design (Bruse and 
Fleer 1998, Huttner 2012, Acero and Herranz-Pascual 2015, Alchapar and Correa 
2016)the lower part of the atmosphere where we live is very sensitive to small 
scale processes which can develop an individual local climate, different to the 
expected average conditions. Especially in urban areas the great variety of differ-
ent surfaces and sheltering obstacles produces a pattern of distinct microclimate 
systems. To simulate these local effects, microscale surface-plant-air interaction 
schemes with a special extension to typical artificial urban boundaries are need-
ed. The paper focuses on the microscale numerical simulation of surface-plant-
air interactions inside urban structures, especially the feedback between artificial 
surfaces like buildings and vegetation inside street canyons, backyards or greens. 
The three-dimensional non-hydrostatic model ENVI-met is presented and used 
to solve the basic equations forward in time and can simulate ‘hard’ wind field 
modifications (solid boundaries.

In literature, there are many different study subjects, mainly in hot-arid and 
hot-humid urban areas. These studies subject were listed below:

• The effects of different physical characteristics such as orientation, as-
pect ratios and shape on courtyard’s microclimate (Ghaffarianhoseini et 
al. 2015, Salur 2016, Nasrollahi et al. 2017); 

• The outdoor thermal comfort of campus area with scenarios according 
to different design and planting principles (Srivanit and Hokao 2013, 
Taleghani et al. 2014, Salata et al. 2016);

• Planting scenarios according to suitable plant species and type in the pe-
destrian zone, squares, urban canyon, green areas (Morakinyo et al. 2018)
a parametric study was conducted to investigate the thermal and energy 
saving benefits in a selected neighbourhood with its current greenery cov-
erage ratio (GCR 

• The effects of different design elements such as material albedo, the ratio 
of water, the green and impervious surface on urban public spaces to im-
prove outdoor thermal comfort (Perera 2015, Chatzidimitriou and Yannas 
2016, Kántor et al. 2018)together with LCZ-based morphology simula-
tions (ENVI-met;



34

• The elimination of micro-scale urban heat island effects on urban geom-
etry and urban morphology combined with local climate zones (Karak-
ounos et al. 2017, Yücekaya 2017, Zhao and Fong 2017)aiming at analyz-
ing and characterizing the cooling potentials of heat mitigation strategy 
(HMS;

• The effects of urban green areas on outdoor thermal comfort according to 
scenario-based examination results including the location, area size, frag-
mentation or integrity of the green areas (Duarte et al. 2015, Nasir et al. 
2015, Lee et al. 2016, Evola et al. 2017) are some of them.

In outdoor thermal comfort studies, public spaces, especially urban green 
spaces, are significant for cities because of their many functions, such as ensur-
ing ecological balance, creating sustainable environments, providing clean air, 
and creating wind corridors. Therefore, it is necessary to examine the spatial ad-
equacy of public spaces characteristics in terms of quantitative and qualitative to 
quantify their climatic contributions to the city with mathematical models. The 
creation of bioclimatic comfort maps according to the region’s climatic condi-
tions is of great importance in the urban planning and design process before the 
implementation decision of any plan and design.
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INTRODUCTION
The 2019-2020 pandemic of the coronavirus (Covid-19) that was first observed 

in the capital of the Hubei province of China, Wuhan on December 1, 2019, led 
to significant changes and effects on global economy, social life and educational 
practices. The World Health Organization (WHO, 2020) declared the pandemic on 
March 11, 2020 (Can, 2020). The World Health Organization commissioned ex-
perts and initiated investigations in Wuhan, the assumed point zero of the epidemic, 
and the city was quarantined (Wnag et al., 2020). Despite the quarantine measures, 
the virus started to spread and finally affected the whole world. The first identified 
Covid-19 cases in Europe were reported in France on January 24, Germany on Jan-
uary 27, Finland on January 29 and Italy on January 31. Since then, the number of 
cases identified in Europe, especially in Spain, Italy, France, Germany, the UK and 
Turkey increased rapidly (Karadağ and Yucel, 2020).

Since the pandemic was not expected, the initial restrictions were insignifi-
cant. Singapore, which was one of the first counFertutries that took measures, 
warned all nations and limited the entries and exists in Singapore in January 2020 
(Wong et al., 2020). Later, measures such as curfews, work and education at 
home were adopted in other countries. This had negative effects on several fields 
and increased the fear and anxiety among all individuals. The pandemic also 
had negative socio-cultural, political, economic and educational consequences 
(Bozkurt and Sharma, 2020). Turkish Higher Education Council (HEC) initially 
announced the closure of the universities for 3 weeks on March 16, 2020. Later, 
HEC instructed universities to adopt distance education methods and discontin-
ued formal education for the 2019-2020 academic year spring semester. Distance 
education was initiated by HEC on March 23, 2020 based on individual univer-
sity facilities (Saraç, 2020).

Today, the end of the pandemic could not still be estimated. Vaccine devel-
opment has continued all over the world and in Turkey during this period. The 
inoculations started and 14,126,629 individuals were vaccinated. However, the 
consequences of vaccination and the success of inoculation against the virus are 
still not known. Therefore, the course of the pandemic, hence, the possible date 
when face-to-face education would be possible are not known. Thus, the analysis, 
evaluation and development of distance education applications are of great im-
portance. The present study aimed to define the distance education process based 
on the environmental design project course instructed in Karadeniz Technical 
University, Landscape Architecture Department. The study included information 
about the problems, limitations and opportunities observed within the process.
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Distance education in Pandemic
Distance education means web-based education that employs internet 

technologies and computers. Distance education is completely conducted on 
virtual media, independent of time and space, where learner and teacher do not 
have be at the same place. In distance education, preferred in several fields, 
all levels of education is possible, including secondary and tertiary education 
(Kahraman, 2020). In distance education, the concept of “place” does not 
determine the availability of the educational services. Because “the place” is 
“everywhere” on the internet (Karasar, 2004). Distance education was initially 
introduced in France in 1907. In 1939, the Distance Education Center was 
officially established. Distance education was introduced in Japan in 1948 with 
the education law to provide education for those without access to school, school 
dropouts and soldiers. Later, it was extended to include middle and high schools 
and higher education institutions (Antalyalı, 2004).

In Turkey, active distance education was introduced with the pandemic. The 
Higher Education Council decision on March 23, 2020 stipulated that all courses 
should be instructed with  the distance education method. Universities adopted 
“synchronous”, “asynchronous” or “both synchronous and asynchronous” distance 
education methods based on the available infrastructure. The adoption of distance 
education in Turkish universities during the pandemic is determined by the fluency 
of the faculty members in technology and the expectations and experiences of the 
students (Karadağ and Yucel, 2020). As an immediate response to the crisis induced 
by the COVID-19, universities structured for formal education started to adopt to 
the instruction of the courses and programs with web-based distance education 
instead of face-to-face education (Gewin, 2020). The adaptation of the programs 
was conducted by the Distance Education Application and Research Centers 
(UZEM) in cooperation with the Information Technology Departments.

Distance education applications has been adopted for a long time in Turkey. 
Turkey has 300 years of history in constructivist learning (Bozkurt, 2019). Web-
based distance education has been provided by Anadolu University, Istanbul 
University and Ataturk University and Distance Education Application and 
Research Centers (UZEM) in other universities (Keskin and Özer Kaya, 2020). 
In fact, for 10 years, YOK allowed distance learning in up to 30% of the courses 
and course content in formal programs via various regulations and directives.

Distance education in environmental design studio
Design education (art education) is a visual philosophy that leads to function-

al creativity. Design education is an organizational method (Gökaydın, 2002). 
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Design is one of the most important components of life. Although it sometimes 
might elude us, the impact of design is quite significant and diverse. It affects us 
both directly or indirectly. So much so that according to the Gestalt theory, daily 
encounters with visual values contribute to the positive or negative development 
of our spirit (Öztuna, 2007).

Design education requires the blending of both theoretical and practical 
knowledge and constant criticism by an instructor. Thus, the student comes to 
the next class after correcting the criticism of the previous class in this process. 
In these classes, the instructor provides certain recommendations using marks 
and corrected drawings on the student Project (Yılmaz ve ark., 2021) . Criticisms 
could be verbal or on paper. The Environmental Design course is instructed with 
project comments throughout the semester. One-to-one communication between 
the student and the educator is quite important, since the project should be final-
ized in a semester. At the end of the semester, the student submits the project via 
graphical presentations, models and printouts that reflect the project accurately. 
Design studios, on the other hand, provide web-based services that run on fully 
equipped computer networks.

In the study, the distance education process implemented in EDP II Single 
housing environmental design project course during the 2019-2020 academic 
year spring semester at KTU Landscape Architecture Department was analyzed. 
The study was conducted with 9 undergraduate students. Due to the sudden meas-
ures taken after the COVID-19 pandemic, it was no longer possible to conduct 
face-to-face education. Thus, distance education was adopted immediately to 
prevent losses in education. Education is limited by the instruction of each course 
by the assigned lecturer. In this process, the courses were defined for each facul-
ty member. The courses started to be instructed on the Adobe Connect software. 
This system allows the students to participate in live classes. It also allows them 
to watch recorded sessions when they experience internet problems. However, 
students are expected to attend each class as they receive one-on-one critique in 
project courses. They could also correct their mistakes after watching the videos 
based on the criticism. Thus, enrollment is beneficial for the students.

EDP II course was conducted with 9 students and a TA. Assistants attend the 
class on the predetermined day and time, similar to the faculty members. Howev-
er, since every student’s internet access was not the same in distance education, 
additional classes were organized to achieve the desired outcomes. Additional 
lessons were instructed by organizing groups or through online communication 
outside the class hours. In this process, the lecturer and the assistant provided 
critical drawings for the student designs and communicated these to the students. 
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The students revised and improved their projects for the next course.
The course project was the development of the environmental plan for a single 

housing unit at ‘Cirav Condominiums’ in Yalıncak district in Trabzon province. 
The students were expected to design the landscape around the single housing 
unit based on  the relations between the residence, occupant and the environment. 

• The landscape design solutions were developed for the single housing 
unit based on various occupant requirements. The occupants and their require-
ments were defined and the activities that match these requirements were identi-
fied. Each student developed a unique scenario and concept (Figure 1). This stage 
was conducted in weeks 1 and 2.

Figure 1. scenario and concept project
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• Activities and scenarios that produce solutions for the needs determined 
by each student were developed. The activities were associated with ade-
quate spatial components and elements. In this stage, the occupant group 
was determined. Each student determined different occupant types based 
on their scenarios, and constructed the correlations between the needs, ac-
tivities and the space. The function-correlation diagrams were developed 
based on the relations between the activities. This stage was conducted in 
weeks 3 and 4. 

• Each student started to come up with options based on her or his concept 
and construct. Option development occurred during the 5th, 6th, and 7th 
weeks. In this stage, the students drew sketches and presented them during 
the online course. The faculty member provided criticism to improve the 
student design.

• Then, the spaces were designed for the planned activities. The activi-
ty-space relations were designed based on design principles, size and 
form. Each student developed an original work after the 8th week. The 
designs were based on the balance of duty, dominance, balance and unity 
principles. Spatial solutions for the final designs included contour lines, 
elevation legends, space names, stairs, ramps and furniture
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Figure 2. Designed for the planned activities.

• The open green spaces on the designed hard pavement were planted and 
their names and frequencies were presented at the plan scale. Planting 
included coniferous and latifolius tree and shrub species. This stage was 
conducted in weeks 12 and 13 and online. 
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Figure 3. Planting project

• Cross-sections and elevations were drawn for the finalized hard pavement 
and planting projects. Walls, border elements, stairs, ramps, spatial solu-
tions, furniture (lighting, sitting, objects, garbage bins, cover elements and 
plant elements when available) are presented. In the cross-sections and el-
evations, attention was paid to the relationship between the mass and void 
and landscape compositions.
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Figure 4. Cross-sections projects

• At the end of the project, a presentation sheet that included the project sec-
tions was developed. The presentation sheet is a single sheet that includes 
the scenario, concept, plan, planting and cross-sections. In the online pro-
cess, the presentation is the last project phase. And these layouts are dis-
played in KTU Landscape Architecture Department virtual media space.
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Figure 5. Presentation project
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CONCLUSION
The Covid-19 pandemic affected the field of education and instruction similar 

to every field of daily life. A series of measures and action plans were adopted and 
implemented in every field. In the field of education, the solution was the distance 
education method. Although this approach was actually implemented before, it 
was fairly new for certain courses. It also introduced difficulties for both students 
and faculty members. Especially for disenfranchised students.

 Distance education was more difficult iforn design and applied educa-
tion departments. Because the design students and the lecturer should commu-
nicate one-on-one. When necessary, the instructor could intervene in the design. 
However, in the current conditions, auxiliary technological devices served as a 
solution. In the near future, it was predicted that distance education could be-
come mainstream in education rather than an alternative to face-to-face learning 
or a supplementary facility. The new order enforced by the pandemic will be em-
ployed in several fields. Because the digital age education and novel technologies 
will prevail in the field of learning.
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Introduction 
Researches claim that interiors have a direct influence on customer percep-

tion. Recently there is a growing interest in investigating the impact of interior 
design and marketing. As part of this interest, the focus has shifted towards the 
link between Strengthening brands and interior design (Perry & Wisnom, 2003, 
Oylum, 2010, Dagli, 2016). 

Sametz and Maydoney (2010, p. 18) refer to the influential role of storytelling 
through interior design in enhancing brand identity. The authors state that “Sto-
rytelling (branding) is natural, easy, entertaining, and energising. Stories help us 
understand complexity. Stories can enhance or change perceptions”. Consistent 
with the power of interior environment in promoting services and products, the 
number of brands showing interest in hiring architects and interior designers as 
advocates of their brands is increasing (Norton, 2003). 

Studies also claim that an increase in customers’ emotional bond with the 
brand will increase the value of that brand (Klingmann, 2007; Loureiro, Ruediger 
& Demetris, 2012). In this regard Clegg and Kornberger (2006, p. 213) state that 
“the sum of all the interactions a client has with your brand, is what makes brand 
environments so critical in connecting with potential customers and creating pref-
erence”. Building on the customers’ emotional bond with the brand through an 
influential interior space is another reason that has put emphasis on interior de-
sign as a brand marketing strategy. However, despite the increasing significance 
of interior design in supporting and marketing brand identity, there is a lack of 
comprehensive studies on interior design branding strategies to be used as a ref-
erence in real world practice (Fielding, 2015). 

This book chapter aims to contribute to the existing knowledge of interior 
space branding. The key research objectives are to determine: 1) the similarities 
and difference between interior space identity and interior space with a brand 
identity 2) the important strategies in designing an interior with marketing poten-
tial for a brand. The purpose of this research is to identify the important strategies 
that matter in using interior space as an influential brand marketing instrument. 
Furthermore, this research intends to classify the key strategies and concepts in 
using interior design as a branding tactic and propose a theoretical framework for 
brand marketing through interiors. 

The chapter has been structured as follows. First, a general overview of the 
relationship between brand identity and interior space identity is proposed. Sec-
ond, some theoretical approaches are examined and strategies adopted for realis-
ing brand marketing through interior environments are identified. As a result, the 
study proposes a common ground of theory, discussing experiencing the brand vi-
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sion and identity through experiencing the interior space. This theoretical frame-
work paves a path for further analysis and research.

Interior Space Identity vs. Interior Space Brand Identity
The concept of place is an important term in increasing interest towards creat-

ing interior space identity. Interior designers seek to design spaces that will create 
meaning and new experiences for the users to transform those spaces into places 
(Chung, 2017). Both the social and physical factors of a space contribute to its 
identity (Waxman, 2006). 

Social factors of a space are very much interrelated with the psychological, 
cultural and behavioural backgrounds of the users. The importance of users’ so-
cial factors in shaping the identity of interior space has compelled interior de-
signers to acquire a good understanding of human behaviour in different environ-
ments (Waxman, 2004, p. 9). 

The main physical factors that shape the identity of an interior are classified 
as objects, plane/surfaces, sequence/circulation, light, texture, threshold, colour, 
materials and view (Brooker & Stone, 2007; Brooker and Stone, 2008). To cre-
ate an identity for an interior space, all or some of these factors need to define an 
environment with characteristics that differentiate the target environment from 
other interior environments (Yilmaz & Maz, 2006). 

Interior spaces are mainly structured settings where daily life occurs and, 
therefore, people are constantly shaping meanings through interaction with dif-
ferent interiors on a daily basis. In return, these meanings affect people’s percep-
tion and further interactions (Poldma, 2008; Vaikla-Poldma, 2003). Interior de-
signers need to consider users’ meaning-making processes in order to design an 
interior space with an identity. Thus, shaping prior knowledge about a space has 
become a necessity for designers. This requires designers to overlook the possible 
activities and experiences that will happen in the space prior to its construction 
(Amin & Cohendet, 2004; O’Brien, 2006). 

Today designing interiors is beyond static attributes and interior designers 
conduct extensive discussions with clients and users to learn what they want and 
how they live, and going further, observe how people engage and interact in spac-
es to design supportive spaces. Supportive spaces are spaces that not only look 
attractive and function well, but also spaces that have a dynamic nature, engage 
people with changing situations based on specific purposes (Poldma, 2010). 

It is this new approach to interior design that invite brands and businesses to 
use interior design as a tool for embracing their identity. Professional designers 
can adapt branding principles into interior space and consequently deliver a con-
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sistent message between the brand and costumers. This consistency will strength-
en the message and increase the value of the brand (Mesher, 2010).

Since interior design is proven to have the potential for communicating the 
character of companies, today, interior branding is used heavily as it extends the 
vision and experience of firms and organisations to the interior and exterior of 
their settings where the space reflects their brand identity (Adams, 2020). Interior 
design is now considered as a crucial part of a brand’s corporate design manage-
ment. The connection of corporate design and interior design can be seen glob-
ally in many stores, offices, restaurants and hotels. Through branded interiors “it 
is possible to integrate key factors as perceived by the relevant target groups, to 
improve customer loyalty and to strengthen their relationship to a brand by mak-
ing it tangible (Leydecker, 2013, p.20)”.

Designing a branded interior space requires a good understanding of the dif-
ference between brand image and brand identity. Brand identity is internal where-
as brand image is external (Kapferer, 2012; Keller, 2012). Interior designers need 
to match the identity and look (image) of the space with the brand’s identity and 
image in order to establish a successful branded interior (Figure 1). 

Figure 1- Patterns that bring the interior identity and interior image together for 
a consistent branded interior space (developed based on studies by Aaker, 1996; 

Burmann et al., 2017; Roy & Banerjee, 2008)

In scope of interior space branding, space narratives and design solutions that 
improve the business and benefit brand marketing are at the core of design deci-
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sions. The intention is to provide a layout and environment that encourages staff 
within the strategical framework of the company or motivate customers to stroll 
through the space for more purchases. Because at the end of the day, commercial 
environments like branded interiors tend to engage users in a way that contributes 
to a positive financial return to the company (Austin, 2020).

Communicative aesthetics
Design and image are two important concerns in terms of brands competition. 

Designers put an enormous effort to design invisible expressive symbols from an 
invisible brand. In such cases, innovation is not a choice but a necessity, because 
a brand’s survival in current market conditions becomes impossible without in-
novative concepts (Thyssen, 2011). Brand aesthetics tend to define visual char-
acteristics that contributes to characterize a brand. This visualisation starts with 
a logo and extends to packaging, website, billboards, advertisements and interior 
design.

Symbolism is the first factor that comes to mind in defining the visual identity 
of a brand. However, communicative aesthetics in a branded interior should not 
be limited to symbolism. Considering a customer sensory experience with the 
space and product, interaction with digital devices and the brand’s social media, 
circulation through advertisements, signage, displays and reception desks will 
propose a broader scope of consistency in aesthetically representing a brand. In 
line with different dimensions of aesthetics in a branded interior, it is important to 
remember that consistent aesthetics does not mean monotony. Consistent aesthet-
ics means a vibrant and distinctive form of aesthetics (Airey, 2019). 

Interior aesthetics is generally led by a brand’s corporate identity to provide a 
consistent message. However, the visual identity of the branded interior is based 
on how costumers understand and interpret the aesthetic communication. Wood 
(2001) argues that organisations are incapable of controlling the visual identity 
of their brand because they cannot control the context that consumers perceive 
their corporate identity. However, with an increase in studies that focus on how 
users perceive aesthetic elements of an interior space, there is a better chance for 
interior designers to control the visual identity of an interior. Interior designers 
can shape visual identity by proposing aesthetic characteristics that will directly 
convey the brand’s corporate identity to the users (Figure 2). 
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Figure 2- Transformation of interior space aesthetics into a brand’s 
visual identity (developed based on a study by Johnson, 2020)

Sensory Layout
Studies refer to the powerful role of sensory experiences on brand marketing 

(De Chernatony & Riley, 1998; Hulten, 2011), but what makes designing an in-
fluential sensory environment is a human’s external and internal senses which 
varies from one person to another. Especially the internal senses such as thoughts, 
fantasies and dreams are very hard to oversee (Hultén, 2020). 

Lighting is one of the crucial sensory elements of interior design. Products 
can look much more attractive with a special lighting effect. Sometimes a mere 
change in lighting transforms the mood and style of an interior (Gobe, 2010). For 
example, a properly adjusted ambient light creates a cosy environment which in-
creases the likelihood of customers spending more time in such places. In another 
example, studies showed that intense artificial light increases dynamic shopping 
(Sendra & Carbonell-Barrachina, 2017). Studies also claim the importance of 
lighting in marketing strategies (Morin 1998; Scheer 2001; Schielke 2014). The 
suggestion for interior designers is to understand the visual identity of the brand 
and create a lighting design with a focus on the visual dimension of the brand’s 
corporate communication (Schielke, 2015). Corporate offices also emphasise the 
influential role of lighting based on proof concerning its effect on staff productiv-
ity and psychological wellbeing (Ayoko & Ashkanasy, 2020; Patil & Bhakkad, 
2014).



62

Figure 3- Strategies for improving lighting aimed at promoting a brand’s service 
and product (developed based on studies by Boyce, et al. 2003; Herbst, 1998)
Taste and smell are two other important senses to which studies claim playing 

a role in brand marketing. People shape personalised meaning with events, envi-
ronments and experiences through scents and it is discussed that people’s sense 
of smell are strongly linked to their sense of taste (Hulten, 2017). Integrating ol-
factory elements in interiors will contribute to building a bond between the brand 
and customers. While familiar scents evoke memories, new scents are the start-
ing point of building new memories (Angeli, 2016). In general, studies indicate 
that using a distinctive ambient scent encourages customer to visit and return to 
a store; thus olfactory stimulants contribute to establish a positive perception of 
an interior environment for customers (Bone & Ellen, 1999; Chebat & Michon, 
2003; Chatterjee, 2017).

Taste marketing is linked with offering food and drinks that correspond to a 
brand’s personality. Taste needs to conform with the target audience. It is worth 
mentioning that many brands that do not sell food products also prefer tasting 
experiences through food marketing (Dio, 2019). If this approach fits in with the 
brand’s marketing strategy, flavour experiences can be integrated in the interior 
layout.
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Figure 4- Strategies for integrating scent and taste to create a branded interior 
(developed based on the studies by The Aroma Trace, 2020; Oduguwa, 2015)

Finally, tactility is other important sense that is worth considering in interior 
branding. Touch plays an important role in our sense of appreciation. Consistent 
with this, 30% of the world’s largest brands have recently been working on re-
search and improving knowledge on sensory branding strategies (Johnson, 2007). 
It is reported that materials, temperature, weight and form contribute to a tac-
tile experience and improve customer loyalty (Hulten.et.al, 2011). “Since brand-
ing is all about creating a distinctive experience”, engaging people in an interior 
through the sense of touch is crucial (Nair, 2013, p.227).   

One of the key subjects that will help interior designers to engage touch 
into designing branded interiors is haptic sensation. Haptic sensation is shaped 
through the interaction of the body with materials. People’s sensation and expe-
riences are very much influenced by the properties of materials (Postell & Ges-
imondo, 2011). Shape is another parameter of haptic experience. Shapes show 
how surfaces are placed in relation to the rest of the built environment (Herssens 
& Heylighen, 2011). Figure 4 presents the properties of shape and materials in 
scope of haptic sensation. 
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Figure 5- The properties of materials and shapes that must be considered in 
engaging haptic experiences in an interior space (Developed based on a study 

by Herssens & Heylighen, 2011)

The challenging part of tactile marketing is the necessity for customers to take 
action in order to be engaged in the tactile qualities of an interior space. Howev-
er, it is important for interior designers to check if their proposed tactile elements 
in interiors are in line with the value and essence of the brand (Minsky& Fahey, 
2017). Dealing with senses and sensorial emotions is a challenging task, because 
emotions are an important part of how people sense and interact with a space. 
Designers can evaluate sensory branding by getting a better understanding of 
emotions. Stimulating the right emotion through interior design will be an oppor-
tunity for shaping a long-term connection between the customers and brand. Six 
basic emotions that will help designers to create sensorial emotions in a space are 
as follows (Chakravarty, 2015, p. 358):

• Happiness: Related to everything that makes people feel good at all levels.
• Sadness: Negative emotions which people wish to avoid.
• Fear: Emotion that triggers people’s survival instinct.
• Surprise: Emotional reaction to a new situation.
• Anger: An aggressive reaction to any given situation.
• Disgust: Negative reactions in response to unpleasant situations.

Cherishing Experiences
In line with the emphasis on the importance of multi-sensual and multisensory 

spaces in identifying the brand, the spatial dimension of space has also become 
the focus of marketing strategies (Hollenbeck et al. 2008; Ponsonby-McCabe & 
Boyle, 2006). In other words, interior space is currently defined as a setting for 
brand staging. Offering a story-like framework through interior design is a strat-
egy to introduce or support a brand and design planning of this nature is defined 
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as purposeful design (Sonnenburg & Baker, 2013).  
Today plenty of brands are offering their customers experimental spaces and 

entertaining environments to explore their business, products, service or technol-
ogy. In their book titled ‘Branded Spaces’ Borges et al. (2013) have compiled nu-
merous branded spaces that offer unique spatial experiences with identical spatial 
qualities. The main aim of designers in creating such spaces is shaping concepts 
and layouts that communicate brand identity through experiences that will affect 
the audience on an emotional and passionate level. Figure 6 proposes four types 
of spaces that will provide experimental environments for brands.

Figure 6- Type of experimental spaces that enhance the branding environment 
(Developed based on a study by Bojovic, Sabatier & Coblence, 2019)

Lifestyle Segmentation
Lifestyle segmentation means classifying a target audience/consumer based 

on their values, visions, hobbies, interests and etc. Lifestyle segmentation plays 
an important role in a brand’s marketing strategies. This strategy allows a brand 
to provide a product or a service that fits in with the lifestyle of their target audi-
ence. Currently, an overpopulated market has made it difficult for brands to se-
cure their positions, therefore lifestyle positioning allows brand to fit in with us-
ers’ lifestyles or look appealing for potential users with corresponding lifestyles 
(Tuckwell & Jaffey, 2016).  

Gobe (2001, p.189) has pointed to the importance of consumer lifestyles for 
brands and reports that “Brands are not static and they have many facets to their 
personality. In order to build up and retain equity as a preferred brand in the mind 
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of the consumer, a brand must evolve to stay connected to its target audience in 
its day-to-day, moment-to-moment existence. Brand presence at its best connects 
intimately to the consumer’s lifestyle”.

Learning about user lifestyles is in fact an issue overseen by architects and in-
terior designers. However, while designing commercial spaces, they need to con-
duct a comprehensive analysis on consumer behaviour and social interactions to 
get a better idea on their lifestyles (Crespy & Isgro, 2020). Designers need to get 
a broad overview about the lifestyle led by consumers who prefer the brand and 
determine the segmentations that could be enhanced and emphasised with interior 
design. Ideally, the key segments will be those with the highest number of con-
sumers. The second ideal in segmentation selection is identifying segments that 
match the brand profile. Prototyping can help designers develop a broad frame-
work of consumer lifestyle segmentations (Li & Cai, 2016).

Figure 7-Necessary steps designers can follow to transform 
customer profiles into a broad lifestyle prototype 

(Developed based on studies by Li & Cai, 2016; Plummer, 1974)

Integrating Brand Essence 
In interior branding, matching the conceptual approach with the essence of the 

brand is crucial. Brand essence is holistic and emotional. What a company does, 
the value it promises, and their main principles define the essence of their brand 
(Pahwa, Consultant, & Robert, 2021). Generally, advertising slogans are the best 
representations of a brand’s essence, but a slogan is not an essence itself. Disney 
World’s slogan is ‘where dream comes true’ and its essence is defined as ‘a magi-
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cal world. Volvo’s slogan is ‘freedom to move’ but its essence is defined as ‘safe-
ty’. the slogan used by Adidas is ‘noting is impossible’ but the company defines 
its essence as ‘relentless’. 

Since brand essence plays an important role in communicating the brand’s 
message, interior designers need to act carefully in making the essence visible 
and legible in space. In their book ‘The Language of Branding: Theory, Strate-
gies, and Tactics’, Lerman et al.  (2018) define the fundamentals of understanding 
brand essence as follows:

• The story behind the brand
• Brand name
• The brand’s advertisements claim
• Packaging
• The brand’s online platforms

Reflecting the essence of the brand in the interior layout is challenging and 
requires a smart and clear conceptual approach. The essence of a space is spatial 
and not the result of a conscious design. To correlate the essence of the brand with 
the essence of the space, designers need to frame the space visually and spatially 
(Long, 2016). To avoid the risk of similarity in marketing, it is important for in-
terior designers to focus on the distinctive features that shape the essence of the 
brand and avoid the communal features. 

Emphasis on Digitalisation 
Broader internet access has linked people to digital platforms more than ever. 

Specifically, with the Covid-19 pandemic in 2020, there has been a huge shift 
towards online shopping and online engagements with brands and companies. 
With the boom in E-commerce during the pandemic, retailers have started to 
put more effort into shaping, developing, and promoting their online platforms 
(Koch, Frommeyer and Schewe, 2020).

Terms like ‘search marketing’, ‘mobile marketing’, ‘social media’, ‘web-
site’, ‘video marketing’, ‘digital storefronts’, ‘gamified environments’ are new 
channels digital marketing and the current focus is to use these channels at right 
time and with the right strategy to reach target consumers directly (Greenberg & 
Kates, 2014). Like branding, interior design is also influenced by digitalisation. 
‘Adapting’ and ‘updating’ are important concerns for brands and companies in 
the digital age, so the space they use must keep up with changing trends (Siddi-
qua, 2020). Consistent with the need for change, interior layouts are getting more 
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flexible. The using of mobile interfaces in space is on rise because they easily 
accommodate changes. Additionally, with increased interest toward e-commerce, 
innovative design solutions seem to be necessities for the survival of the physical 
spaces of the brands (Pantano and Laria, 2012).

Today, collaboration between interior designers and technology develop-
ers have resulted in innovative and smart interiors. Also, increased attention to 
sustainability has encouraged interior designers to utilise new technologies and 
smart solutions for saving energy and cutting emissions. Therefore, there is a 
shift “from high-energy materials such as cement, glass, brick, and steel to alter-
natives including stone, rammed earth, hollow concrete, and wood (Cao, L., (23 
Mar 2020)”.

The use of smart and innovative materials is also a result of digital and techno-
logical development in space. For example, traditional glass has acquired several 
smart and appealing qualities. 3M™ Glass Finishes offer a wide range of visual ef-
fects at very low costs. This has made glass much more versatile, allowing infinite 
recreations of interiors (ArchDaily, 2021). Similar to glass, new materials with new 
properties keep on appearing on the market, so interior designers must keep in-
formed on these developments to employ innovative materials in interior branding.

Figure 8- Strategies to reflect digitalisation in interior branding 
(Developed by author)
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Conclusion
This chapter has discussed the importance of interior design in marketing 

a brand as a result of increased interest by firms and companies in empower-
ing their brands through interior design. In this chapter the link between interior 
space identity and building brand identity through interior design is discussed. 
Additionally, a series of important strategies that will help designers enhance 
brand identity through designing the interior space is discussed and interpreted.

Main strategies for designing an interior with a potential for brand marketing 
are addressed as:

1. Creating an appealing space that communicates a brand’s visual identity
2. Providing a layout that engages user senses
3. Shaping an environment that offers explorative and entertaining experi-

ences
4. Considering the important segments of user lifestyles and applying these 

segments in interior layouts
5. Understanding the essence of a brand and integrate this essence in concep-

tual approaches 
6. Giving emphasis to the digital and innovative design solutions

Although the present research makes important contributions to shape a the-
oretical framework on interior space branding, there are several limitations that 
may need to be considered. Due to limited research on this topic, the theoretical 
foundations in this study are shaped by the interpretation of a variety of disci-
plines and contents. The strategies proposed in this study are based on existing 
theories and studies, therefore these strategies must also be developed through 
empirical studies. 

This study has revealed a few topics that require further research. Since brand 
strategies evolve over time and with technology, more research must be carried 
out on new design strategies that will enhance the physical space of a brand in the 
current digital era. It is also necessary to explore key interior design elements that 
embody the image and vibe of the brands in an interior space. Finally, further em-
pirical studies must be developed on how interior branding contributes to enhanc-
ing a brand’s relationship with consumers and financial returns to the companies.
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1. Introduction
The energy need in our world increases by about 4-5% every year. In paral-

lel with this increase in demand, energy costs are also increasing, and users are 
charged a heavy bill every month. Therefore, consumers resort to new ways to 
reduce energy costs at a manageable level. Keeping the maintenance / repair cost 
of the system low together with an optimum scale heating / cooling system equip-
ment, an efficient use of energy in the equipment and the selection of a suitable 
equipment / fuel system is an important engineering approach in this respect. 
Current climatic conditions are the biggest factor in determining the heating / 
cooling requirement of a unit. The climatic conditions and fuel configuration of a 
location are often beyond the discretion of the users. For this reason, it is the most 
practical solution to make a design that will provide the minimum cost conditions 
and maximum system life of the system to be operated within the framework of 
these two basic factors. Energy costs can generally differ from region to region. 
The first factor for the user in resource selection should be environment and cost. 
The most important issue that the user will pay attention to from now on is to 
choose a new and highly efficient system, thus minimizing monthly energy costs.

Although very high prices are paid for the energy consumed in the operation 
of the heater, cooler and lighting systems and devices we use in our houses, we 
cannot see the benefit we expect. There are three main reasons for this. The first 
reason is that energy prices, especially electricity and natural gas, are very high in 
our country. The second reason is that the heaters, coolers, lighting systems and 
devices we use in our houses are unconsciously operated and used in a way that 
causes low efficiency and low efficiency. The third reason is that our houses are 
not well insulated with their architectural design to protect them against cold and 
heat and to provide lighting.

Heating systems, in general, are systems that provide thermal comfort in spac-
es by compensating the heat losses between the indoor and outdoor environments. 
These systems have an important place in people’s lives in terms of comfort. The 
design of the systems is important for people to benefit from these systems under 
comfortable and economic conditions.

In the selection of a heating system, advantages and disadvantages should be 
evaluated and the most suitable system solution should be found in terms of ther-
mal comfort.1 In this context, heating systems can be examined under two main 
headings:

• Central heating systems
• District heating systems
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In central heating systems, a central heater (such as a boiler) for heating the 
fluid (water, air or steam) to be used, a piping that will distribute the heated fluid 
and a final conductor that will transmit the heat to the environment by convection 
is required. In central heating systems, the entire system has a pump that circu-
lates the heating water. Hot water is usually used to feed another heat exchanger 
to provide domestic hot water stored in a water tank. In heating systems where air 
is used, air is circulated through duct systems.2

District heating systems are basically similar to central heating systems. How-
ever, in these systems, users do not like the spaces through a common central 
system of the building, but individually. The system that feeds the heater that will 
transmit the heat to the environment becomes a smaller capacity device such as a 
combi boiler. In these systems, circulation pumps are usually on the device. Fur-
thermore, individual heating appliances such as air conditioning (hot air convec-
tion), stoves (solid fuel, electric or liquid fuel such as kerosene) and fireplaces are 
also widely used today.3

When space-heating systems are examined, it is seen that hot water heating 
systems are the most preferred systems in terms of comfort. In hot water heating 
systems, energy is obtained by burning gas, liquid or solid fuels in the boiler and 
this energy is used for heating the water. The heated water is transmitted to the 
space through various heat emitters such as radiators, fan-coils, air appliances, 
floor-heating pipes with the help of a pump. Thus, the temperature of the space is 
increased by the heat transfer that occurs between these devices and the space.4

In this study, within the scope of district heating systems, the uses of the sys-
tems that provide the final heat transfer with hot water, underfloor heating and 
radiator elements and their comparisons on thermal comfort will be discussed. In 
this study, the cost of energy used in various buildings, the advantages of high-ef-
ficiency new modern systems that will ensure efficient use of energy, the applica-
tion of energy management in buildings, financial comparison of systems accord-
ing to different fuels are examined.

2. Floor Heating Systems
Operating the heating / cooling system of a building under optimum condi-

tions in terms of energy efficiency is accepted as the most important approach in 
this context. The application of both the existing system in the building and new 
technologies, process and other equipment, operation and maintenance proce-
dures and energy documentation methods to an existing facility requires many 
levels of training. Detailed training is needed, especially when large expenditures 
are made for new equipment with high-energy efficiency. Maximum efficiency 
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and maximum savings from such systems can only be achieved with the correct 
operation of the system and a suitable maintenance / repair period.

Floor heating systems are a heating system that distributes the heat losses in 
the spaces by spreading the energy received from the heat source through the 
pipes in the floor concrete under the floor, and heats the floor and therefore the 
environment. The main principle of the system is to meet the amount of energy 
to meet the heat loss in a volume whose heat loss has been calculated by circu-
lating hot water supplied from a central producer through special pipes under the 
flooring material. Warm water spreads over the entire floor area and provides a 
homogeneous heating.5

2.1 Working and Application Principles of Floor Heating Systems 
In the application of floor heating systems, insulation material serving as heat 

and sound insulation and polypropylene foil are laid on the leveled reinforced 
concrete floor and wall edges. Then, fixing elements are used according to the 
chosen laying method and pipe distances (modulation).3

Since the lengths of the pipes to be applied to the ground will be limited to 80 
- 120 m depending on whether or not there is a circulation pump in the collector, 
which will be mounted at the starting point and which functions as a water distri-
bution and collection unit, the pipes are not applied to the floor in a single group. 
From the starting point until the appropriate meter is completed, the pipe is laid 
like a resistance and the starting point is returned, this round trip process is called 
a group (Figure 1).3

Figure 1. Group representation in floor heating system.3

After the pipes are laid according to the chosen laying style and pipe spacing, 
each mouth is connected to the collector. The location of the collector should be 
determined to be at a suitable distance to all places where underfloor heating pipe 
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will be laid. Each group is controlled by a separate valve. A large room can be 
heated by more than one group (Figure 2).3

Figure 2. Different laying styles for groups.3

Pipe diameters and wall thicknesses used in underfloor heating systems are 
elements that affect performance. As the transported water, capacity will change 
depending on the pipe diameter, the thermal efficiency changes and similarly, the 
wall thicknesses are effective in the heat transfer coefficient of the pipes. For ex-
ample, when a pipe with a diameter of 16 mm and a wall thickness of 2 mm is 
used in a floor heating system in an area of 1 m2, 0.113 liters of water is carried 
in 1 meter of the pipe and the system is fed with 45 degrees of water and placed 
in a 4 cm screed under ceramic at 10 cm intervals, 24 degrees in the room. It gives 
152 W of heat per square meter. This value decreases by 32% in parquet, 25% in 
carpet and 50% in laminate. Generally, pipe-laying intervals in underfloor heat-
ing systems are applied as 10 cm. In areas with high heat loss such as windows, 
doors and balconies, this gap is applied as 5 cm. In this way, there is a 10 m pipe 
consumption in the middle of a 1 m2 area and 20 m pipe consumption in areas 
with high heat losses.3

2.2 Floor Heating Systems Features and Advantages
In recent years, in addition to their use in public spaces and spaces (such as 

mosques, baths, saunas, greenhouses, roads, etc.), their use in private spaces such 
as residences has increased, floor heating systems are systems designed to pro-
vide a more comfortable heat distribution with less energy.

The under-floor temperature of a healthy person is 25 ° C on average. For un-
derfloor heating systems determined by international standards, the healthy floor 
temperature is maximum 29 ° C. These temperatures should not exceed 29 ° C in 
common areas, 33 ° C in the bathroom, and 35 ° C in the edge areas where heat 
loss is high.6

It is clear that there will be heat transfer between a person with a body tem-
perature of 36.5 ° C and a room with a lower temperature. The heat lost by con-
vection from the body due to excessive air movements, the heat lost by radiation 
due to the cold wall and ceiling surfaces, and the heat lost through the conduction 
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from the foot surface that is in constant contact with the floor give a feeling of 
chill.5

A more homogeneous temperature distribution is provided both horizontal-
ly and vertically in a space heated by underfloor heating system. The air in the 
place heated by the underfloor heating system rises towards the upper parts of the 
space. As it rises, the air movements towards the upper parts of the space weaken 
and the air gets cooler. Thus, hot air accumulates in the living space, not on the 
upper part of the space. This uniform temperature distribution from floor to ceil-
ing is the most suitable profile for the theoretically ideal heat dissipation profile.5

When evaluated in this context, the advantages of the floor heating system in 
terms of application, use and comfort can be summarized as follows:

• Since it is a screed application, it does not narrow the usage areas in the
spaces.

• It is comfortable because it provides a homogeneous thermal distribution
in spaces; the heat in the environment does not accumulate in the ceiling
area and remains at human height.

• It provides high efficiency from heating devices such as combi boilers and
boilers, as it operates at low heating return temperatures such as 30-40 de-
grees.

• In terms of application, laying and installation speed is high.
• For each room, the desired room temperature can be adjusted by throttling

or closing the valve of the relevant group in the collector.
• The service life of the pipes varies according to the operating temperature

and pressure, and it can be up to 50 years.3

3. Radiator Heating Systems
Various energy sources are used in the heating / cooling sector to meet the 

need for heating, cooling, steam, hot water or cooling. These fuels include do-
mestic lignite and imported coal, natural gas, heavy fuel oil, light fuel oil (heating 
fuel), LPG, diesel and electricity. The energy saving potentials of energy sources 
and their economy accordingly depend on the unit price of the fuel, the calorif-
ic value of the fuel and the efficiency of the boiler and burner where the fuel is 
burned. Comparison of systems using different fuels should be repeated constant-
ly, as fuel prices change constantly due to various reasons.

Radiator systems are at the top of the systems used in the heating of spaces in 
buildings. In these applications, the thermal comfort of the space depends on pa-
rameters such as the location of the radiators in the space, the materials used on 
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the heating surfaces, the heating surface areas, the operating temperature, and the 
obstacles located around the radiators in the space.

In today’s world where the value of energy gradually increases and the desired 
comfort level increases, it is important for designers, practitioners and users to 
understand the effects of these parameters.4

3.1 Working and Application Principles of Radiator Heating Systems 
In radiators, heat spreads to the environment in two ways: radiation (radiation) 

and convection. In 90/70 degree hot water heating plants, the average surface 
temperature is 80 degrees, and the amount of radiation at this low temperature is 
low. Generally, only 20-40% of the heat in radiators is emitted by radiation. The 
main part is spread by convection. The type of paint and the geometry of the ra-
diator affect the heat transfer by radiation rather than the material of the radiator. 
Radiation is high in black and matte painted radiators. However, the color of the 
paint is not very effective. Radiation is significantly reduced in shiny metallic 
paints. Shiny metallic paints such as aluminum or bronze reduce the radiation to 
50% and the total radiator heat power to 10%. The second factor is the radiator 
geometry. Radiators with a large external projection surface area also have a high 
rate of radiation. In this respect, the rate of radiation is high in thin cast radiators 
and panel radiators. Since finned surfaces are used in aluminum radiators, the 
outer surfaces do not come into direct contact with water and have a lower tem-
perature. For this reason, radiation rates are also low. Surface smoothness also 
has an effect on radiation. Roughcast surfaces radiate slightly better than flat sur-
faces.7

Radiator placements recommended in terms of efficiency according to TS 
2164/2 are included. According to these data, when the distance from the wall 
at the rear of the radiator to the wall is at least 40 mm and the distance from the 
bottom to the base is 100 mm, it was predicted that the efficiency would be 100% 
and the efficiency of other cases was determined by comparing it.4

The places where the most heat loss is experienced in buildings are glass and 
external walls. Double glazing applications will not be able to completely prevent 
heat loss, no matter how good the thermal insulation applications are. Therefore, 
the radiators should be designed primarily by being mounted under glass. How-
ever, if the radiator cannot be mounted under glass due to architectural require-
ments, it should be mounted not on the interior wall of the building, but on the 
outer wall of the building where heat loss is most experienced.7

When choosing the location of the radiator, care should be taken to ensure that 
it is cleaned to allow heat dissipation. The windows of heated volumes are the 
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coldest places. For this reason, placing the radiators under the windows is pre-
ferred. In volumes with large heat loss and a large number of windows, placing a 
heater in front of each window would be appropriate to distribute the heat prop-
erly. If it becomes necessary to place the radiator on the inner wall surface, the 
majority of the outer surface areas of the radiator should be parallel to the outer 
wall faces. The effect of cold air intake from cold surfaces can be compensated. 
Heat transfer in radiators is mostly through heat conduction. Therefore, the radi-
ators should be placed in the room in such a way that the ambient air can easily 
enter the lower part of the radiator, move along the radiator, and rise towards the 
upper part.7 

3.2 Radiator Heating Systems Features and Advantages
Application in heating systems with radiators takes place with distribution 

over a pipe network. In this distribution, return pipes are laid from the collec-
tor boxes to each radiator through the screed. Heating pipes are passed through 
the larger diameter protective spiral casing pipes so that they do not damage the 
screed and the floor due to the expansion at high temperature (70 to 90 degrees) 
in operation, so that there is a free space for expansion between the protective 
spiral-casing pipe and the heating pipe. The air in this volume also provides heat 
insulation and prevents unnecessary heating and heat loss in the places where the 
pipes pass (Figure 3).3

Figure 3. Piping and collector connection for radiators.3

Some of the application advantages of the radiator systems can be listed as in-
stallation speed, reduction of pressure losses due to the routing of the pipes, low 
local flow losses, ease of modification when necessary due to the system operat-
ing in a protective casing.3
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4. Results and Discussion
In order for the heating / cooling systems to be operated under optimum con-

ditions in terms of energy efficiency, buildings must have a building energy man-
agement and energy accounting periodically updated and supervised by experts. 
In order to minimize the heating / cooling costs; The places that cause air leaks, 
heating losses, cooling gains in the building components must be repaired and 
their sealing must be ensured in a perfect way with suitable gasket / wick el-
ements. The user should choose the most appropriate fuel and system accord-
ing to the region and replace the existing low-efficiency classic units with new 
high-efficiency models. In these modifications, the initial investment cost, oper-
ating cost, payback period and environmental criteria should be taken into con-
sideration, and new high efficiency models should be preferred instead of uneco-
nomic modifications.

While designing the energy efficiency of the heating / cooling system with a 
new building, the concepts of climate, maximum benefit from daylight and clean 
environment should be considered as basic criteria of the design. The combi-
nation of architectural and engineering disciplines in the early design process 
constitutes an important step in achieving a sustainable energy saving goal. The 
precautions to be taken during the early design process minimize the subsequent 
modifications in the heating / cooling systems and ensure that the costs are re-
flected to the user at a minimum level.

While the operating temperature of the water is 90-70 degrees in radiator heat-
ing systems, the inlet temperature is 50-60 degrees in a single pipe system in floor 
heating. Thus, by allowing the system heating fluid temperature to be selected at 
a lower temperature, it both reduces operating costs and saves energy.5 In addi-
tion, the small difference between the heating water and room temperature in the 
floor heating system is a factor that prevents the formation of excessive airflow.

In radiator heating systems, the heated air moves towards the ceiling area, 
stays there, and starts to cool. The cooled air then moves towards the floor surface 
and causes a cooler and not very comfortable environment in the main position 
of the living area (Figure 4).



87

Figure 4. Comparison of hot air movement in radiator and floor heating systems.1

In floor heating systems, on the other hand, the system that is placed inside 
the floor provides the heating of the entire floor and with this, the movement of 
hot air from the entire floor surface occur upwards. It provides a warm and more 
comfortable environment in the main living area as the hot air starts to cool as it 
approaches the ceiling surface. In Figure 8, the mentioned hot air movement be-
longing to the two systems can be seen comparatively.

One of the important differences between the two systems is that, in the sys-
tem with radiators, hot air is distributed locally within the space, whereas in the 
floor heating system, the hot air is distributed homogeneously.1

Another difference between the two systems is the dust flight caused by the 
airflow caused by the displacement of the hot and cold air in the environment. 
These dust particles, which are formed due to particles burning at high temper-
atures, are mostly seen in this system due to the operating temperature above 50 
degrees of the radiator system. In addition, continuous hot and cold air displace-
ment (non-homogeneous hot air movement) causes dust transport. On the other 
hand, since the floor heating systems have an operating temperature of 45-50 de-
grees, they both prevent dust formation largely and reduce the airflow movement 
due to the homogeneous hot air movement, thus preventing dust transport.1

5. Conclusion
Energy saving is doing the same job using less energy. Energy saving does not 

only mean less use of energy. Energy saving means using energy more efficiently 
by improving traditional methods and using new technologies. The cheapest en-
ergy is the energy saved.

While heating from the radiator does not provide a homogeneous thermal 
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comfort for the environment, the floor heating system, where the floor serves as 
a complete heating element, provides a more homogeneous thermal comfort at 
different points of the environment. It is possible to conclude that floor-heating 
systems create a more homogeneous thermal comfort environment compared to 
radiator heating systems.8

The difference between the operating temperatures of the systems (90-70 de-
grees in a radiator system, 50-60 degrees in floor heating) creates a serious dif-
ference in terms of energy consumption and sustainability of the systems. In this 
context, it can be concluded that underfloor heating is more economical and suit-
able for long-term use in terms of performance.
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