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 With the revolution in industrialization, the gas amount emitted into the atmosphere grew, causing 

global warming and climate change. This developing shift has a detrimental impact on natural 

resources and hastens their decline. Water is one of the natural resources that has been impacted. 

Water scarcity is becoming a problem due to causes known to be urbanization, population increase 

and climate change. With regards to sustainable architecture, rainwater collection from buildings 

for its efficient use, application of simple water treatment processes and its reuse are considered 

to be among the precautions that may be taken in order to save water. In addition to playing a role 

in reducing water resources, urbanization has another detrimental characteristic, such as creating 

heat islands with highly impermeable surfaces. Top cover designs that promote green spaces and 

minimize heat island impacts are the most effective way for minimizing the detrimental effects 

that heat islands have on outdoor thermal comfort in urban settings. Therefore, a top cover was 

proposed in this study for mitigating the effect of heat island observed in KBU Social Life Center 

square that may be characterized as a vast heat island within the campus, as well as to bring it in 

feature of collecting rainwater in its immense area. Materials to be used in the proposed top cover 

as well as the factors affecting the selection of material were determined in terms of efficiency in 

rainwater collection and the mitigation of urban heat island effect. A considerably optimum 

material that can be used in the cover was determined by one of the multi-criteria decision-making 

methods known to be PROMETHEE method. As a consequence of its pricing, roof efficiency, and 

albedo coefficient qualities, the polycarbonate panel material has been chosen as the most 

acceptable material to be used for the suggested top cover. 
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1. Introduction 

With the rapid increase in world population and 

industrialization, the limited natural resources are either 

being destroyed or wasted day by day. Since the first day 

of industrialization, intense competition in the industry has 

caused the wheels to spin and the machines to be operated 

faster, which increased the need for fossil fuels each 

passing day. Based on this consumption and production 

spiral, these economic activities have caused global 

warming by accelerating the emission of CO2 gas. 

Therefore, the natural life cycle has changed as a result of 

increasing, changing, and developing human activities. On 

the other hand, by affecting the natural resources 

negatively, this change causes them to reduce and 

eventually deplete. One of the natural resources used up 

the most is water resources [1-3]. 

In addition to meeting the basic needs of people, water 

also plays an important role as a source of development in 

areas such as energy generation, industry, tourism, 

transport, and agriculture. However, each passing year, 

new countries are added to the list of water-scarce 

countries. Although Turkey does not take place on that list, 

it does not have sufficient water resources either. In 

Turkey, 73% of the water resources are used in irrigation, 

16% in urban consumption, and 11% in industries [4, 5]. 

With its usable water amount of 1500m3 per person, it is 

among the countries approaching physical water scarcity. 

 

* Corresponding author. Tel.: +90-370-418-8582; Fax: +90-370-418-8330.  

E-mail addresses: sibelakmunarli@gmail.com (S. Temizkan), mervetunakayili@karabuk.edu.tr  (M. Tuna Kayılı) 

http://www.dergipark.org.tr/en
http://www.dergipark.org.tr/en/pub/iarej
mailto:sibelakmunarli@gmail.com
mailto:mervetunakayili@karabuk.edu.tr
https://doi.org/10.35860/iarej.957829
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0003-1755-1290
https://orcid.org/0000-0002-3803-8229


455             Temizkan and Tuna Kayılı, International Advanced Researches and Engineering Journal 05(03): 454-463, 2021 
 

 
In case of an increase in the country’s population to 100 

million, it is predicted that the amount of usable water per 

person will decrease to 1100m3 [4, 5]. 

According to the World Population Prospects Report 

published by the UN Department of Economic and Social 

Affairs in 2017, the world population has reached 7.6 

billion. The world population is expected to reach 8.6 

billion by 2030, 9.8 billion by 2050, and 11.2 billion by the 

end of the century. This increase means that the world 

population will increase by 2.2 billion from 2017 to 2050 

[4]. The rise in world population affects water resources in 

two ways. The first one is the decrease in the rate of water 

per person and the faster consumption of water resources, 

and the second one is the inability to ensure the continuity 

of water resources due to the widespread urbanization 

emerging to meet the housing needs of the increasing 

population [3- 5]. 

In addition to the water scarcity caused by the increase 

in urbanization, water-impermeable areas form urban heat 

islands, which in turn causes increasing temperatures in 

urban areas. The urban heat island (UHI) effect is defined 

as increased night temperature in urban areas caused by 

heat absorption on pavement and concrete surfaces due to 

anthropogenic climate change and reduced cooling by 

evaporation [6, 7]. Urban life quality is highly affected by 

harsh climatic conditions and high temperatures, and 

UHI’s have adverse consequences that cause unsuitable 

temperature conditions, health problems, and diseases. 

Rising temperatures directly affect the energy consumed 

for cooling buildings and pose a greater risk of disease and 

eventually death [8-12] by transforming the city center and 

squares into thermally uncomfortable areas especially in 

summer [13]. Therefore, to mitigate the effects of UHI, it 

is essential to take into account environmental protection 

policies while planning and designing the cities [14-16]. 

Accordingly, the city centers face higher temperatures 

in urban areas. Factors, such as thermo-optical properties 

and albedo values of building materials resulting from the 

physical structure of the city, increasing in surface 

roughness, visual limitations due to street width and 

building height, anthropogenic warming, air pollutants, 

and decrease in water and humidity, cause cities to exhibit 

different climatic characteristics compared to their 

surroundings. Roofs are the surfaces most exposed to 

sunlight in urban areas. Therefore, roof and cover designs 

and material selection to be made for these designs play an 

important role in mitigating the urban heat island effect 

[17-19]. 

Considering solutions for the water crisis and urban heat 

islands can ensure the determination of a standard solution 

for both problems. In this context, the idea of rainwater 

collection in urban cover designs offering an effective 

solution in urban heat island areas is essential in terms of 

mitigating the UHI effect in the urban area and in saving 

rainwater by collecting it. The cover design and the 

covering material required to have the property of both 

eliminating the heat island effect and allowing efficient 

water collection has revealed the problem of covering 

material selection for a square with a high urban heat 

island effect. It is thought that a cover system to be 

designed with an optimum and appropriate material for 

these properties will mitigate the heat island in the square; 

thus, an efficient water collection will be able to be 

achieved. In this study, the square of Karabük University 

Social Life Center (SLC) serving a large number of users 

was chosen as the sample study area. The aim was to 

collect rainwater in the square having a heat island effect 

with higher efficiency. The materials to be used in the 

proposed urban cover design for the square were 

determined by taking into account their properties that 

were based on rainwater collection efficiency. The 

mitigation of the heat island effect was targeted, and it was 

aimed to select the optimum material by using the multi-

criteria decision-making (MCDM) method. Furthermore, 

the annual volume of rainwater that could be obtained 

using the cover system was determined for the SLC 

Square. 

Since any study using both the MCDM method and 

material selection at a time in a cover system design for 

rainwater harvesting as well as reducing the heat island 

effect was not encountered in the literature review, this can 

be shown as the original aspect of this study. In addition, 

this study is the first of its kind in terms of that it was 

applied to the Social Life center designed as a common use 

area within a public university campus and also it proposes 

a top cover system reducing the heat island effect by 

harvesting rainwater. These features of this study are 

expected to guide the architects, landscape architects, and 

decision-makers in the selection of materials for top cover 

design.  

In the studies planned to be conducted in the future, the 

form of the top cover, different roofing materials to be 

proposed, and the determination of suggestions for 

effective rainwater harvesting and mitigating the urban 

heat island effect will contribute to the literature on this 

subject. 

 

2. Material and Method  

2.1 Case Study and Climate Data  

Karabük University Social Life Center (SLC) located in 

the Demir Çelik Campus was established on an area of 

8957m2, and its total construction area is 1320 m2. The roof 

area of the center planned for the rain harvesting is 1500m2 

and it has been designed as a flat walkable terrace roof with 

reinforced concrete floor. The square area belonging to the 

center is 5136m2 and it is covered with marble. The square 

part also constitutes the roof of the SLC dining hall located 

on the ground floor (Figure 1) [20]. 
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The climate type effective in Karabük is mainly seen in 

the Black Sea coastal belt of the Marmara Region and the 

north-facing parts and the mountains of the region. There is 

not much temperature difference between the summer and 

winter seasons. While the summer months are relatively 

calm, the winter months are warm in the coastal area but cold 

and snowy in the higher regions. Since there is precipitation 

in almost all seasons, there is usually no water shortage. The 

natural vegetation in higher areas comprises coniferous 

forests that grow in humid and cold conditions, while it is 

composed of moist broad-leaf forests in the coastal areas [21]. 

The average temperatures of January, the coldest month, and 

July, the warmest month are 4.2℃ and 22.1℃, respectively, 

and the annual average temperature is 13℃ [22]. Karabük is 

located inside the seaside, where the climate characteristics 

of the Western Black Sea region are only partially observed, 

and it is not able to benefit sufficiently from the humid air of 

the Black Sea. Although it has the characteristic features of 

the terrestrial climate, dry summers and cold winter 

temperatures are not observed as much as in the Central 

Anatolia region. Coniferous forests are seen in the inner parts, 

while broad-leaved forests are seen in the coastal areas [21]. 

The average annual precipitation in Karabük is 542 mm. 

Most rainfall is seen in the spring and winter months. 

Although Karabük receives rain every season due to the 

Black Sea climate, there are short-term droughts in July and 

August. Therefore, precipitation is relatively less during 

these months than in others. The share of summer 

precipitation in the annual total is 19.4% [22]. The 

precipitation data of the years between 1980 and 2018 

obtained from the station information database of the 

Karabük Province Meteorological Department were 

analyzed in the SPSS 22 statistical package program, and 

standard deviations for years, seasons, and months were 

calculated accordingly. Based on the results, the deviation 

rate was found to be ± 7.62 liters considering the annual data. 

In line with these results, it was concluded that the average 

precipitation data of the last five years would be sufficient 

for calculations. 

 Monthly average precipitation data for the previous five 

years is given in Table 1. In accordance with the data 

obtained from the Karabük Meteorology Department, the 

average amount of precipitation for five years is observed to 

be 542 mm/year. The highest precipitation occurs in June 

with an average of 76.5 mm/year [20]. 

 

2.2 Material Selection 
 

Various criteria come to the forefront while determining 

the most appropriate coating material alternatives for the top 

cover to be carried by the steel space frame system. These 

criteria can be shown as the price of materials, roof efficiency 

coefficient, albedo value, thermal conductivity, intrinsic heat, 

and emissivity  [24, 25].  Based on  the  studies conducted  so  

 
Figure 1. Karabük University Social Life Center [23] 

 

far, the materials that can be recommended as top cover 

materials can be listed as follows [26]: Glass, Membrane, 

Aluminum, PVC coating, PTFE coating, Polycarbonate 

panel, Shingle coating, Galvanized sheet. The materials that 

can be used in the top cover recommended for Karabük 

University SLC square and their properties are given in 

Table 2. 
 

2.3 Multi-Criteria Decision Method and PROMETHEE 

To make accurate strategic decisions and selections, 

MCDM (Multi-Criteria Decision Making) methods enable 

decision-makers to solve various methods. Thus, by 

evaluating the determined alternatives in the best possible 

way, the most appropriate decision can be made. When it is 

required to make a selection among determined choices, 

multi-criteria decision-making methods are used to make the 

right decision. These methods are as follows [27, 28]: 

• Basic Methods: Weighted Sum and Weighted Product 

Methods 

• Valuable Combined Criteria Methods: AHP, TOPSIS, 

Gray Relation Method, Fuzzy TOPSIS 

• Outranking Methods: Classified as ELECTRE and 

PROMETHEE (Preference Ranking Organization Method 

for Enrichment of Evaluations). 

AHP: The AHP method is one of the most widely used 

MCDM methods in the literature. In the AHP method, the 

hierarchical structure of complex units, pairwise comparison, 

many criteria, eigenvector and consistency coefficient are 

used in the creation of weight coefficients. Among the usage 

areas of AHP, there are topics such as planning, choosing the 

best alternative, resource allocations, troubleshooting, and 

optimization [28, 29]. 

TOPSIS: With this method, among multi-criteria 

decisions, which one is the closest to the positive ideal 

solution and the farthest from the negative ideal solution can 

be evaluated. It has application opportunities in many areas 

such as risk and performance evaluation of enterprises in 

multi-purpose inventory planning [30]. 

Gray Relation Method: The GIA method is one of the 

widely used MCDM methods and has been developed for the 

analysis of relationships in cases of uncertainty caused by 

incomplete data or incomplete information [33].



 

 
Table 1. Monthly average precipitation data of Karabük province [22] 
 

Year/Month 1 2 3 4 5 6 7 8 9 10 11 12 Total 

2014 48.2 7.0 27.9 80.7 81.7 110.7 24.3 16.7 105.7 108.1 18.5 80.9 710.4 

2015 45.2 26.1 42.5 32.8 18.1 111.6 0.4 6.7 40.0 52.3 60.8 62.3 498.8 

2016 77.2 64.4 21.2 50.9 116.8 12.6 4.1 3.2 41.9 5.6 29.4 60.4 487.7 

2017 30.6 29.0 26.7 37.6 45.1 79.5 23.4 26.4 2.0 75.3 70.1 44.4 490.1 

2018 27.9 23.6 120.5 8.6 43.5 68.1 66.8 4.1 20.5 56.8 39.9 44.0 524.3 

Average 

(mm/year) 

45.8 30.0 47.7 42.1 61 76.5 23.8 11.4 42 59.6 43.7 58.4 542 

 

Table 2. Materials that can be used in cover and their properties [31, 32] 
 

Materials Unit 

Price 

Roof 

Efficiency 

Coefficient 

Albedo Thermal 

Conductivity 

(W/(m*K)) 

Specific 

Heat  

(J/kg ֯C) 

Emissivity 

Glass (10mm) 1500 0.9 0.7 1.0000 0.7530 0.84 

Membrane 311 0.9 0.76 0.1380 2.0920 0.95 

Aluminum 445 0.85 0.75 230.0000 0.8970 0.20 

PVC 400 0.9 0.83 0.1670 1.6740 0.95 

PTFE 622 0.9 0.69 5.5600 1.0040 0.95 

Polycarbonate panel 29.8 0.9 0.86 0.1920 1.6740 0.95 

Shingle 24 0.9 0.21 0.1200 1.2600 0.85 

Galvanized sheet 19.3 0.85 0.4 53.0000 0.4800 0.4 

 

Fuzzy TOPSIS: In the TOPSIS method, an index called 

positive – similarity to the ideal solution and negative – 

distance to the ideal solution is defined. As a result of this 

definition, the technique selects an option that is the most 

similar to the ideal answer. [34]. 

ELECTRE: The ELECTRE method is one of the MCDM 

methods, which is a technique that can interpret problems 

that dominate numerical calculations by converting them to 

verbal situations [35]. The ELECTRE method is a systematic 

analysis that compares all possible pairs of different 

alternatives regarding the criteria and reveals the values of 

alternatives based on these criteria [36]. Various criteria 

affect the selection at the decision stage, and the importance 

of these criteria relative to each other will lead the decision-

maker to the most appropriate alternative. However, 

choosing the best among the alternatives is complicated. 

Each alternative may have different advantages over the 

other. Because it is pretty difficult to find exact solutions to 

such problems, some criteria are minimized while others are 

maximized. In such cases, PROMETHEE is a highly 

functional decision-making and ranking method that will 

make the closest optimum selection suitable for the purpose 

[37]. The PROMETHEE method, one of the most effective 

and frequently used methods in problem-solving today, has 

been developed based on the drawbacks of current 

preference methods in the literature [38]. Accordingly, the 

method evaluates the alternatives required for the decision-

making problem based on determined preference functions 

and determines partial and complete preferences with the 

paired comparison technique. In the literature, there are 

many studies conducted in different fields by using the 

PROMETHEE method [39-50]. In this context, in this study, 

the PROMETHEE method was chosen to rank the coating 

material to be used in the cover proposed based on the 

properties given in Chapter 2 and eventually to select the 

optimum material. The Best Worst Method (BWM) was 

used to calculate the weights of the criteria used in the 

PROMETHEE method. In the context of this method, a 

survey was conducted on experts and academicians working 

in the material sector in Turkey to determine the importance 

weights of the main parameters in material selection. The 

reason for choosing experts and academicians in this study 

was to reach more realistic data by taking both theoretical 

and practical opinions. However, since it was impossible to 

get the population due to time and cost constraints, data were 

collected using snowball sampling, which is among non-

random sampling methods. 104 online questionnaire forms 

were collected from experts and academicians. 12 out of the 

104 forms were excluded as they were incomplete and 

inaccurate. Therefore, the total number of questionnaires 

included in the analysis was 92. Analyses were done using 

the SPSS software. The results of the frequency analysis  

regarding the answers given by the participants, including 

experts and academicians, in determining the importance 

weights of the criteria are shown in Table 3.  

After obtaining the survey data, the multi-criteria decision 

problem was defined and the criteria were weighted using the 

excel file created by Rezaei [51, 52].
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Table 3. The degree of importance given to criteria by participants [31, 32] 

 

Table 4. Averages and criterion weights calculated using the BWM method 

 

Table 5. Roof coefficients according to roofing material

 

 

Figure 2. Graphical representation of the criteria weights 

 
There are two most commonly used versions of BWM 

known as linear [52] and nonlinear [52]. In this study, the 

excel file based on linear BWM was used for weighting 

criteria. In this file, five steps that must be taken to construct 

and solve the problem are explained and formulated. 

Different pages (C=3, C=4,…) are given for problems with 

other criteria [53]. In the first step, the number of decision 

criteria is determined depending on the issue. In this study, 

the solution was attained using C=6. In the second step, the 

best (e.g., the most desirable, the most important) and the 

worst (e.g., the least desirable, the least important) criteria are 

determined according to the decision made by the decision-

maker. In this context, the best criterion was found to be 

“thermal conductivity”, whereas the worst criterion was 

determined to be “price”. In the third and fourth steps, the 

preference of the decision-maker for “the best criterion over 

all other criteria” and “all other criteria against the worst 

criterion” is specified by selecting a number between 1 and 

Job Price Roof 

efficiency 

Albedo Emissivity Specific 

heat 

Thermal 

conductivity 

 

Expert 

Average 7 8.02 7.67 8.02 7.55 8.17 

N 40 40 40 40 40 40 

Std. deviation 1.98 1.60 1.80 1.56 1.48 0.98 

 

Academician 

Average 7.11 7.78 8.01 7.84 7.28 8.03 

N 52 52 52 52 52 52 

Std. deviation 1.95 1.60 1.14 1.05 1.57 1.58 

 

Total 

Average 7.06 7.89 7.86 7.92 7.40 8.09 

N 92 92 92 92 92 92 

Std. deviation 1.96 1.59 1.46 1.29 1.53 1.35 

Criteria Average Weighting by means (%) Weighting with the Best Worst Method 

(BWM) 

Price 7.06 15.28 0.142 

Roof efficiency coefficient 7.89 17.07 0.142 

Albedo value 7.86 17 0.142 

Thermal conductivity coefficient 8.09 17.50 0.285 

Specific heat 7.40 16.01 0.142 

Emissivity 7.92 17.14 0.142 

Total 46.22 100 1 

Roof Material Roof Coefficient 

Concrete 0.70 

Metal-Tile-Marble (glazed tiles)-Glass-Membrane-PVC-PTFE-Polycarbonate panel-Shingle 0.90 

Aluminum-Galvanized sheet 0.80 
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9 from the drop-down box [54,55]. In the last step, the 

weighting results are calculated using the solver in the data 

tab in Table 4, and then the weights are graphically depicted 

in Figure 2. 

While weighting the material parameters during material 

selection, the weight of thermal conductivity criteria was 

determined as 0.28, whereas the weights of other parameters 

were determined as 0.14. Linear function type was preferred 

for the price parameter, while V-type was preferred for 

different criteria. In this study, it was found that the values 

for all criteria except the price criterion were very close to 

each other, thus even minor differences were important. 

Therefore, although the preference was done considering the 

decision points with values above the average, values below 

this average were not desired to be neglected as well. While 

minimum values were preferred for unit price, thermal 

conductivity and intrinsic heat criteria, maximum values 

were preferred for roof efficiency coefficient, albedo, and 

emissivity criteria. 
 

2.4 Calculation of Rainwater Harvesting 

In determining the amount of water to be obtained in 

rainwater harvesting, information such as roof coefficient, 

filter efficiency coefficient, precipitation amount of the 

location and the collection area for the harvesting process are 

needed. 

Roof coefficient: It is a coefficient determined based on the 

rainwater collection capacity of the collection area. This 

coefficient varies depending on the covering material used 

on the roof, as shown in Table 5. 

Filter efficiency coefficient: It is the efficiency coefficient 

of the first filter to be used for separating the rainwater 

obtained from the roof from visible solid materials. This 

coefficient is determined based on the loss of a certain 

amount of rainwater while being filtered and is specified as 

0.9 according to the DIN1989 standard. 

Rainwater collection area: It is the roof area of the 

building where rainwater is intended to be harvested. 

Precipitation amount: It is the average annual 

precipitation amount determined by the Directorate General 

of Meteorology. 

Using the above-mentioned definitions, the amount of 

rainwater harvesting in the building was calculated 

according to the Equation 1 below. 
 

∑W = A ×Μ× α × β       (1) 
 

in where;  

∑W: Total rainwater harvesting (m³) 

A: Rainwater collection area (m²) 

M: Precipitation amount (mm/m²)  

α: Roof coefficient (0.8) 

β: Filter efficiency coefficient (0.9) 

 

3. Results 

In this study, decision matrices, including alternative 

materials and criteria, were created first. The criteria to be 

used in selecting the optimum material for rainwater 

harvesting were determined as unit price, roof efficiency 

coefficient, albedo value, thermal conductivity, intrinsic heat, 

and emissivity values. V-shape preference type functions 

were used for other linear criteria for the unit price. After 

creating decision matrices, the change functions were 

determined for all criteria. Then, the weight of each criterion 

was determined according to the experts’ and academicians’ 

opinions obtained through the questionnaire. Figure 3 shows 

the PROMETHEE I (partial ranking) results of the materials 

recommended for use in the top cover. Positive and negative 

values between +1 and -1 are calculated for each alternative 

measured during partial ranking. Whereas the positive value 

indicates the superiority of the discussed alternative over 

other options, the negative value indicates how weak the 

discussed alternative is when compared to other alternatives. 

The partial ranking analysis result of roofing materials shows 

that polycarbonate panels and PTFE materials have positive 

superiority values over other options. Similarly, it shows that 

aluminum has negative values compared to other alternatives 

and that this material is comparatively weak.  

In Figure 4, the positive and negative superiority values of 

the materials have been shown graphically, which depicts 

which material is positive or negative in terms of which 

factor. 

When the Network diagram seen in Figure 5 is examined, 

it is observed that the polycarbonate panel alternative is 

superior to other alternatives in terms of positive and 

negative superiority values. However, since both positive 

and negative superiority values of aluminum are lower than 

other alternatives, it is positioned as the worst alternative.   

In PROMETHEE II, the ranking is made depending on the 

net superiority values found by subtracting the negative 

superiority values from the positive superiority values. The 

values between 0 and +1 are the first values to be preferred. 

 

Figure 3. PROMETHEE I partial ranking for top cover material 

alternatives 
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Figure 4. Superiority values for top cover coating material 

alternatives 
 

 
Figure 5. Network diagram for top cover coating material 

alternatives 

With this ranking method, the most appropriate material is 

determined among the alternatives analyzed based on the 

selected criteria. According to the PROMETHEE II 

complete ranking result, with their positive net superiority 

values, polycarbonate panel (0.1836) and PTFE (0.1814) 

materials rank at the top among the preferences. In contrast, 

galvanized sheets (-0.2588) and aluminum (-0.4490) rank at 

the bottom with their negative net superiority values. 

Table 6 contains the PROMETHEE Flow Table created 

based on the PROMETHEE II Complete Ranking result of 

the alternative materials included in the study. As a result of 

the study, while polycarbonate panel was the first roof 

material to be preferred with its net superiority value of 

0.1836, aluminum coating material was the last to be 

preferred with its net superiority value of -0.4490. In addition, 

since the net superiority values of polycarbonate panels, 

PTFE coating, PVC coating, membrane and glass are found 

to be positive, respectively, according to the results of this 

analysis, these materials will be the first to be preferred.  

Figure 6. PROMETHEE II full ranking for top cover material 

alternatives 

3. Conclusions 

As a result of the study conducted for the selection of the 

most appropriate coat material to be used in the top cover 

recommended for SLC Square that had a high urban heat 

island effect, both to mitigate the urban heat island effect and 

to establish an effective rainwater collection system, the most 

appropriate material was determined as polycarbonate panel 

considering the material properties and operating limits 

specified for this purpose.  

According to the results of this analysis, glass is a material 

with a high albedo and roof effectiveness coefficient despite 

its high price. Membrane is one of the materials that can be 

preferred because it has a high coefficient of roof 

effectiveness, high albedo, and low thermal conductivity. 

Despite its high price, PVC is a material that can be preferred 

in terms of roof conductivity, albedo, and thermal 

conductivity values. Although PTFE is a preferable material 

in terms of roof effectiveness, value, and albedo, its price is 

quite high compared to others. Polycarbonate panel is a 

preferable material in terms of roof effectiveness coefficient, 

thermal conductivity, and albedo values, as well as price. 

Although shingle is an ideal material in terms of price and 

roof efficiency coefficient, its albedo value is quite low. 

Although aluminum is a material that can be preferred due to 

its high albedo and roof efficiency coefficient, it has a very 

high price and thermal conductivity. Although galvanized 

sheet is an ideal material in terms of price, roof efficiency, 

and thermal conductivity, its albedo value is the lowest 

among the selected materials. Accordingly, the most 

appropriate material was determined as a polycarbonate 

panel. Based on the result of the analysis and these properties, 

the material that should not be preferred was determined as 

an aluminum coating. 
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Table 6. Roof coefficients according to roofing material 
 

PROMETHEE Flow Chart 

Rank Material Phi Phi+ Phi- 

1 Polycarbonate panel 0.1836 0.2500 0.0664 

2 PTFE covering 0.1814 0.2443 0.0629 

3 PVC covering 0.1683 0.2360 0.0677 

4 Membrane 0.0998 0.2133 0.1136 

5 Glass 0.0571 0.2375 0.1804 

6 Shingle covering 0.0177 0.1939 0.1762 

7 Galvanized sheet -0.2588 0.1767 0.4354 

8 Aluminium -0.4490 0.1144 0.5634 

In the current situation, the amount of rainwater to be 

harvested may decrease due to the temperature changes in 

the square, evaporation caused by the heat island effect, 

water losses caused by heavy pedestrian traffic, and water 

puddles and defects on the ground of the square area. The 

most effective way to prevent this loss is to collect the 

rainwater on the roof surface in a shorter time and send it to 

the storage tanks. In this sense, the amount of rainwater 

collected may increase or decrease depending on the 

properties of the materials selected on the roof. Therefore, 

the selection of roofing materials to be used in these covers 

is important. This study and the obtained results suggest the 

mitigation of urban heat islands and efficient rainwater 

harvesting for public spaces and squares in city centers.  

In addition, the principle of resource conservation in the 

building, which stands out as the principle of sustainable 

architecture, can only gain effectiveness with the decisions 

made during the design phase. Therefore, it should be 

underlined that the rainwater collection systems need to be 

considered during the design phase of the building rather 

than being considered as structures that are integrated later 

on. 
 

Declaration 

The author(s) declared no potential conflicts of interest 

with respect to the research, authorship, and/or publication 

of this article. The author(s) also declared that this article 

is original, was prepared in accordance with international 

publication and research ethics, and ethical committee 

permission or any special permission is not required.  
 

Author Contributions 

S. Temizkan performed the analysis. M. Tuna Kayılı 

supervised and improved the study. 

 

Acknowledgment 

This study was derived from a master's thesis completed at 

the Institute of Graduate Sciences of Karabük University. 

This study was supported by project number FYL-2019-2077 

of the Scientific Research Center of Karabuk University, 

Turkey. 

References 

1. Karahan, A., Gri suyun değerlendirilmesi. IX. Ulusal 

Tesisat Mühendisliği Kongresi, 2011. p. 1155-1164. 

2. Aküzüm, T., B. Çakmak and Z. Gökalp, Türkiye’de su 

kaynakları yönetiminin değerlendirilmesi. International 

Journal of Agricultural and Natural Sciences, 2010. 3(1): p. 

67-74 (in Turkish). 

3. Alpaslan, N., A. Tanik and D. Dölgen, Türkiye’de su 

yönetimi sorunlar ve öneriler. TÜSİAD, 2008. 9 (in 

Turkish). 

4. Bulut, S., and G. Şahin, Pedagojik formasyon öğrencilerinin 

su tüketim davranışları ile su ayak izlerinin 

incelenmesi. Akdeniz Üniversitesi Eğitim Fakültesi Dergisi, 

2020. 3(2), p. 53-70 (in Turkish). 

6. Santamouris, M., Energy and climate in the urban built 

environment, Routledge, 2001. p. 145-159. 

7. Yilmaz, E. Y., and İ. T. D. Çiçek, Ankara şehrinde ısı adası 

oluşumu. Doctoral Dissertation, Ankara Üniversitesi SBE 

Coğrafya Anabilim Dalı, 2013 (in Turkish).  

8. Lin, T. P., A. Matzarakis and R. L. Hwang, Shading effect 

on long-term outdoor thermal comfort. Building and 

Environment, 2010. 45(1): p. 213-221. 

9. Göçer, Ö., A. Ö. Torun and M. Bakoviç, Kent dışı bir 

üniversite kampüsünün dış mekânlarında ısıl konfor, 

kullanım ve mekân dizim analizi. Gazi Üniversitesi 

Mühendislik Mimarlık Fakültesi Dergisi, 2018. 33(3): p. 

853-874 (in Turkish). 

10. Aghamolaei, R. and M. H. Shamsi, Review of District-scale 

Energy Performance Analysis 2018. 

11. Li, G., X. Zhang, P. A. Mirzaei, J. Zhang and Z. Zhao, 

Urban heat island effect of a typical valley city in China: 

responds to the global warming and rapid 

urbanization. Sustainable cities and society, 2018. 38: p. 

736-745. 

12. Mirzaei, P. A., Recent challenges in modeling of urban heat 

island. Sustainable cities and society, 2015. 19, 200-206. 

13. Özeren, Ö. and M. T. Kayili, Designing public squares to 

optimize human outdoor thermal comfort: a case study in 

Safranbolu. Journal of Awareness, 2021. 6(1): p. 13-20. 

14. Mahmoud, A. H. A., Analysis of the microclimatic and 

human comfort conditions in an urban park in hot and arid 

regions. Building and environment, 2011. 46(12): p. 2641-

2656. 

461             Temizkan and Tuna Kayılı, International Advanced Researches and Engineering Journal 05(03): 454-463, 2021 

5. UNDP (United Nations Development Programme), UNDP 

sustainable development goals 2030, 2015. [cited 2020 7 

Aug]; Available from: 

www.undp.org/content/undp/en/home/sustainable-

development,  



     Temizkan and Tuna Kayılı, International Advanced Researches and Engineering Journal 05(03): 454-463, 2021 
 

 
15. Chen, L and E. NG, Edward, Outdoor thermal comfort and 

outdoor activities: A review of research in the past 

decade. Cities, 2012. 29(2): p. 118-125.  

17. Akbari, H., S. Bretz, D. M. Kurn and J. Hanford, Peak power 

and cooling energy savings of high-albedo roofs. Energy 

and Buildings, 1997. 25(2): p. 117-126. 

18. Backenstow, D. E. and R. J. Gillenwater, U.S. Patent No. 

4,649,686. Washington, DC: U.S. Patent and Trademark 

Office, 1987. 

19. 19.Yilmaz E. M., Kurak İklimlerde içbükey çatı, 2017. 

[cited 2020 6 Jun]; Available from: 

https://www.konuttrend.com/mimari/kurak-iklimlere-

icbukey-cati-h1242.html (in Turkish). 

20. Temizkan, S. and M. T. Kayili, Yağmur suyu toplama 

sistemlerinde optimum depolama yönteminin belirlenmesi: 

Karabük Üniversitesi Sosyal Yaşam Merkezi Örneği. El-

Cezeri Journal of Science and Engineering, 2020. 8(1): p. 

102-116 (in Turkish). 

22. T.C. Tarim ve Orman Bakanligi Meteoroloji Genel 

Müdürlüğü, Karabük ili aylık-yıllık yağış verileri, Karabük 

Meteoroloji İl Müdürlüğü, 2019 (in Turkish). 

23. Karabük Üniversitesi, KBÜ 2019 yılı idari faaliyet raporu, 

2019. [cited 2020 11 Jun]; Available from: 

https://strateji.karabuk.edu.tr/yuklenen/dosyalar/12634202

030256.pdf (in Turkish). 

24. Okutan, A. E., Çatı kaplama malzemesi seçim kriterlerinin 

belirlenmesi, Master Thesis, İTÜ Fen Bilimleri Enstitüsü, 

2007. p. 1-153 (in Turkish). 

25. Bektaş, İ. and A. E. Dinçer, Değişen iklim koşullarında çatı 

kaplama malzemelerinin verimliliğinin incelenmesi: 

Safranbolu Örneği, Erciyes Üniversitesi Fen Bilimleri 

Enstitüsü Fen Bilimleri Dergisi, 2017. 33(3): p. 35-53 (in 

Turkish). 

26. Genç, E., Çatı kaplama ürünlerinin seçiminde ürün 

bilgilerinin düzenlenmesi, Master Thesis,  YTÜ FBE 

Mimarlık ABD, 2011. p. 1-156 (in Turkish).    

27. Hamurcu M. and T. Eren, Transportation planning with 

analytic hierarchy process and goal programming, 

International Advanced Researches and Engineering 

Journal, 2018. 02(02): p. 92-97. 

28. Tsou, C. S., Multi-objective inventory planning using 

MOPSO and TOPSIS. Expert Systems with 

Applications, 2008. 35(1-2): p.136-142. 

29. Chai, J., J. N. Liu and E. W. Ngai, Application of decision-

making techniques in supplier selection: A systematic 

review of literature. Expert systems with applications, 

2013. 40(10): p. 3872-3885. 

30. Wang, T. C. and H. D. Lee, Developing a fuzzy TOPSIS 

approach based on subjective weights and objective 

weights. Expert systems with applications, 2009. 36(5): p. 

8980-8985. 

31. Autodesk Revit, Revit building information modelling, 

2020. 

32. Temizkan, S., Kentsel ısı adası özelliği yüksek meydanlarda 

yağmur suyu hasadına yönelik uygun malzeme seçiminin 

araştırılması: KBÜ Sosyal Yaşam Merkezi örneği , Master 

Thesis, Karabük Üniversitesi, FBE, 2020. p. 1-124 (in 

Turkish). 

34. Özdemir, A. İ. and N. Y. Seçme, İki aşamali stratejik 

tedarikçi seçiminin bulanik topsis yöntemi ile analizi. Afyon 

Kocatepe Üniversitesi İktisadi ve İdari Bilimler Fakültesi 

Dergisi, 2009. 11(2): p. 79-112 (in Turkish). 

36. Türker, A., Çok ölçütlü karar verme tekniklerinden" 

electre". Journal of the Faculty of Forestry Istanbul 

University, 1988. 38(3): p. 72-87 (in Turkish). 

37. Wang, J. J. and D. L. Yang, Using a hybrid multi-criteria 

decision aid method for information systems 

outsourcing. Computers & Operations Research, 2007. 

34(12): p. 3691-3700. 

38. Genç, T., PROMETHEE yöntemi ve GAIA düzlemi. Afyon 

Kocatepe Üniversitesi İktisadi ve İdari Bilimler Fakültesi 

Dergisi, 2013. 15(1): p. 133-154 (in Turkish). 

41. Hu, J. and Y. Jiang, PROMETHEE method applied in the 

evaluation of urban air environmental quality. Journal of 

University of Shanghai for Science and Technology, 

2012. 4: 318-322. 

42. Pan, W.H. and J.Q. Li, Application of AHP-PROMETHEE 

Method for Supplier Selection in Strategic Sourcing. 

Operations Research and Management Science, 2009. 2 

(008). 

43. Bottero, M., F. Dell’Anna and M. Nappo, Evaluating 

tangible and intangible aspects of cultural heritage: An 

application of the promethee method for the reuse project of 

the Ceva–Ormea railway. In Seminar of the Italian Society 

of Property Evaluation and Investment Decision Springer, 

Cham, 2016. p. 285-295. 

44. Lakićević, M. D. and B. M. Srđević, Multiplicative version 

of Promethee method in assesment of parks in Novi 

Sad. Zbornik Matice srpske za prirodne nauke, 2017. 132: p. 

79-86. 

45. Vujosevic, M. L. and M. J. Popovic, The comparison of the 

energy performance of hotel buildings using PROMETHEE 

decision-making method. Thermal Science, 2016. 20(1): p. 

197-208. 

46. Dražić, J., D., Dunjić, V. Mučenski and I. Peško, Multi-

criteria analysis of variation solutions for the pipeline route 

by applying the PROMETHEE method. Tehnički 

vjesnik, 2016. 23(2): p. 599-610. 

47. Yan-ming, C. Research on Evaluation of subcontractors of 

water project and Model established based on 

462 

40. Bottero, M., C. D’Alpaos and A. Oppio, Multicriteria 

evaluation of urban regeneration processes: an application 

of PROMETHEE method in Northern Italy. Advances in 

Operations Research,  2018. p. 1-12. 

39. Balali, V., B. Zahraie, A. Hosseini and A. Roozbahani, 

Selecting appropriate structural system: Application of 

PROMETHEE decision making method. In 2010 Second 

International Conference on Engineering System 

Management and Applications. IEEE, 2010, p. 1-6.  

35. Çagil, G., Küresel kriz sürecinde türk bankacılık sektörünün 

finansal performansının electre yöntemi ile analizi. Maliye 

ve Finans Yazıları, 2008. 1(93): p. 59-86 (in Turkish).

33. Senger, Ö. and Ö. K. Albayrak, Gri İlişki Analizi yöntemi ile 

personel değerlendirme. Uluslararası İktisadi ve İdari 

İncelemeler Dergisi, 2016. 17: p. 235-258 (in Turkish).  

21. T.C. Tarim ve Orman Bakanligi Karabük İl Tarım ve Orman 

Müdürlüğü, Karabük hakkında, 2020. [cited 2020 7 Mar.]; 

Available from: 

https://karabuk.tarimorman.gov.tr/Menu/26/Karabuk-

Hakkinda (in Turkish). 

16. European Environmental Agency (EEA), Urban adaptation 

to climate change in europe-challenges and opportunities 

for cities together with supportive national and european 

policies, 2012. [cited 2020 11 Aug]; Available from: 

http://www.eea.europa.eu/publications/urban-adaptation-

to-climate-change. 



 

 
PROMETHEE method. Jilin Water Resources, 2015. 8(4). 

49. Balali, V., A. Mottaghi, O. Shoghli and M. Golabchi, 

Selection of appropriate material, construction technique, 

and structural system of bridges by use of multicriteria 

decision-making method. Transportation research 

record, 2014. 2431(1): p. 79-87. 

50. San Cristobal, J. R., Critical path definition using 

multicriteria decision making: PROMETHEE 

method. Journal of Management in Engineering, 2013. 

29(2): p.158-163. 

51. Rezaei, J., Best-worst multi-criteria decision-making 

method. Omega, 2015. 53: p. 49-57. 

52. Rezaei, J., Best-worst multi-criteria decision-making 

method: Some properties and a linear model. Omega, 2016. 

64: p. 126-130. 

53. Kim, T., Rainwater harvesting: the impact of residential-

scale treatment and physicochemical conditions in the 

cistern on microbiological water quality. Doctoral 

dissertation, The University of Texas at Austin, 2017. p . 1-

144  

54. Lye, D. J., Rooftop runoff as a source of contamination: A 

review. Science of the total environment, 2009. 407(21): p. 

5429-5434. 

55. Alpaslan, N., A., Tanik and D. Dölgen, Türkiye’de su 

yönetimi: Sorunlar ve öneriler. TÜSİAD 2008. 09/469: p. 1-

216 (in Turkish). 

 

 

 

463             Temizkan and Tuna Kayılı, International Advanced Researches and Engineering Journal 05(03): 454-463, 2021 

48. Dachowski, R. and K. Gałek, Selection of the best method 

for underpinning foundations using the PROMETHEE II 

method. Sustainability, 2020. 12(5373): p. 1-9. 


