
International Journal of Engineering and Geosciences, 2025, 10(1), 59-73 

59 
 

 

 

International Journal of Engineering and Geosciences 

https://dergipark.org.tr/en/pub/ijeg 

e-ISSN 2548-0960 

 
 
 

Evaluating the Probability of Rainwater Collection as part of Green Infrastructure using GIS 
and RS Technologies in Industrial Regions, Eskişehir, Türkiye 
 

Ceren Çavdar 1 , İlknur Demirtaş 1 , Zehra Yiğit Avdan *1,2 , Uğur Avdan 3  
 
1 Eskişehir Technical University, Faculty of Engineering, Department of Environmental Engineering, Türkiye, 
cerencavdar@eskisehir.edu.tr, ilknurozudogru@ogr.eskisehir.edu.tr, zyigit@eskisehir.edu.tr 
2 Environmental Research Center (ÇEVMER), Eskişehir Technical University, 26555 Eskişehir, Türkiye, zyigit@eskisehir.edu.tr 

3 Institute of Earth and Space Sciences, Eskişehir Technical University, Türkiye,  uavdan@eskisehir.edu.tr 

 
 

Cite this study: Çavdar, C., Demirtaş, İ., Yiğit Avdan, Z. & Avdan, U. (2025). Evaluating the Probability of Rainwater 
Collection as part of Green Infrastructure using GIS and RS Technologies in Industrial Regions, 
Eskişehir, Türkiye. International Journal of Engineering and Geosciences, 10 (1), 59-73. 

 
https://doi.org/10.26833/ijeg.1485389 

 
 

Keywords  Abstract 
Industrial Water Requirement 
Sustainable Water 
Management 
Geographic Information 
System 
Rainwater Harvesting 
Green Infrastructure 

 The study aims to identify the possibility of rainwater harvesting in industrial zones (Eskisehir 
Organized Industrial Zone (EOIZ), Baksan Industrial Site, Matbaacılar Site, ESTIM Wholesalers 
Site, Auto Gallery, EMKO Furniture and Woodworks, Teksan Industrial Site, Auto Industrialists 
and Small Industry, Craft Industrial Site, New Organized Industrial Zone Development Area, 
and Small and Medium-sized Enterprises (SMEs)) with high water use and concentrated 
impermeable areas. In this case, the amount of rainwater accumulated in impermeable regions 
was calculated using GIS and RS to reduce the rainwater load that accumulated or reached the 
wastewater treatment plant. The study will directly contribute to the displaying of the green 
water footprint resulting from industrial impermeable zones. This work for industrial areas 
will be pioneering. This study was analyzed using open-source GIS software and Google Earth 
software, a free application that allows experts in various trade branches of rainwater 
harvesting in the industrial region, industrialists, and researchers who want to conduct 
research in this area to do so quickly and easily. When viewed from this perspective, it is clear 
that the work has original value in the subject and makes significant contributions to the 
literature. Furthermore, this work directly contributes to the Sustainable Development Goals 
of "Clean Water and Sanitation" and "Climate Action". 
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1. Introduction  
 

Water resources are an important and essential need 
for living things [1, 2]. Water resources are being rapidly 
depleted as a result of industrialization and rising 
population. Current surface and groundwater resources 
are vulnerable to drought, a natural disaster that 
damages many regions every year [3–6]. With drought, 
water quality degrades in addition to water levels falling. 
Data from the State Water Works of the Republic of 
Türkiye show that in 2020, the annual amount of usable 
water per person in Türkiye was 1346 m3. This amount 
illustrates that Türkiye is one of the countries suffering 
water stress and may become water-stressed in the 
future [7, 8]. In the next 30 years, a 1% rise in water 
demand is anticipated on a global basis. As a result of 
climate change, it is projected that groundwater will 
increasingly be used to supply water due to the rapid 
depletion of surface water. In addition, the importance of 

the issue has been better illustrated with the United 
Nations’ declaration of the water theme of 2022 as 
“making the Underground visible” [9]. Unplanned and 
uncontrolled changes in land use/cover, which is a 
complex and dynamic process, occur with the increase of 
impervious areas in cities as a result of the abandonment 
of agricultural lands and the destruction of forest areas 
[10–12]. Non-penetrating areas can be defined as any 
material that prevents water from seeping into the soil. 
The most common and easily defined impermeable areas 
are roads, pavements, and roofs [13]. Especially the 
increase in residential and industrial areas causes an 
increase in temperature, negatively affecting the water 
cycle in the atmosphere [14]. The increasing 
impermeable areas prevent rainwater from penetrating 
the groundwater. Moreover, the reduction in 
evaporation-evapotranspiration increases the amount of 
rainfall pouring on the surface. As a result, rainwater
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accumulates in impermeable areas and is partially lost as direct flow, creating 
problems such as floods [15–17]. 

As a matter of fact, the development of sustainable policies in water cleanse is 
unavoidable [1, 3].   In the current system, only 30% of rainwater is used efficiently by 
mixing with groundwater [8]. Traditional rainwater management relies on the 
collection of rainwater in combined or separate sewage networks and discharge it to 
a wastewater treatment plant or directly to a receiving water mass. This management 

system has high operating and maintenance costs. In addition to the carbon footprint, 
traditional gray approaches have negative hydraulic effects, such as rainwater 
discharges delivering high pollution loads to receiving water and sewage overflows 
[28]. 

Green infrastructure is an innovative and sustainable rainwater management 
application that provides numerous environmental benefits, particularly in terms of 
reducing climate change when compared to gray infrastructures [29].

 

Table 1. Studies on analyzing rainwater harvesting methods with RS and GIS technologies 
Study Area Study Aim Datas Method/Program Result Source 
Syrian Desert, Al-
Badia 

Identifying areas generally 
suitable for harvesting in 
order to study the 
watershed network and 
determine rainwater 
harvesting techniques for 
these areas. 

 Indian satellite 
images, 
 Amount of 
precipitation, 
 Area. 

 ERDAS 
IMAGINE 
 ArcGIS 

It was concluded that local social and cultural aspects are 
important before choosing a specific rainwater harvesting method, 
especially in arid and semi-arid regions. In this direction, it has 
been determined that there is a need for projects for farmers in the 
Syrian Desert. 

[18] 

3 different 
residential areas 
belonging to 3 
different cities in 
Rajasthan state, 
India 

Determining the roof 
rainwater harvesting 
potential of 3 different 
areas and the tank capacity 
for the most suitable area. 

 Total roof area, 
 Average annual 
precipitation (mm), 
 Flow coefficient. 

 Google Earth 
 QGIS 
 Gould and 
Nissen-Petersen 
formula 

It was concluded that among the 3 cities, Kota has the highest 
rainfall, so it would be best to collect rainwater in each interval. For 
areas larger than 3000 m2, the rainwater that can be harvested is in 
liters; >1500000 for Jaipur, >1800000 for Kota, >1000000 for 
Bikaner. The minimum amount of rainwater that can be harvested 
is < 25000 liters with an area of 0-500 m2 in Bikaner. 

[19] 

Junagadh 
Agricultural 
University 
Campus, 
Gujarat/India 

Estimating the roof 
rainwater harvest potential 
of the campus and 
evaluating the demand 
supply analysis. 

 Roof areas of 
campus buildings, 
 Average monthly 
precipitation. 

 Google Earth 
 Quantum GIS 
(QGIS) 
 Gould and 
Nissen-Petersen 
formula 

On the campus with a total roof area of 1,04,012 m2, the monthly 
roof water harvesting potential of all 81 buildings is based on 
kilolitres; 16797.94 for June, 30236.29 for July, 18566.14 for 
August and 12289.02 for September. It has been determined that 
the total amount of rainwater for 4 months that can be harvested 
from the campus buildings is 77889.39 kilo liters. 

[20] 

Eskisehir 
Technical 
University İki 
Eylül Campus, 
Türkiye 

Determining the capacity to 
collect rainwater 
harvesting from the roof. 

 Total roof area, 
 Average annual 
precipitation (mm), 
 Flow coefficient. 

 ESRI ArcGIS 
software 
 Gould and 
Nissen-Petersen 
formula 

The annual amount of water consumed on the campus, which has a 
roof area of 113718.3654 m2 is 1,530,543 m3. The annual rainwater 
capacity is 37,109.9 m3, and it has been concluded that it only 
covers 2.4246% of the water consumed in a year. 

[21] 

A savannah area 
covering the Blue 
Nile and Sinar 
states, Sudan 

Determination of surface 
rainwater harvesting areas 
and capacities based on 
remote sensing data for 
agricultural areas. 

 SRTM90 DEM data, 
 Harvesting area 
(km2), 
 Minimum amount 
of precipitation (mm). 

 QGIS 
 Remote 
Sensing (RS) 

It revealed that conventional systems in residential and 
agricultural areas can detect rainwater harvesting sites with 82 and 
8 times the drainage capacity, respectively. 

[22] 

RK University, 
India 

Roof rainwater harvesting 
system design. 

 Roof area (m2), 
 Rainfall (mm), 
 Flow coefficient, 
 The number of 
people in the buildings, 

 QGIS 
 Google Earth 
 Gould and 
Nissen-Petersen 
formula 

Considering the rainy months, the total amount of rainwater that 
can be harvested is calculated as 3088514,6 liters. In the study area, 
it has been proven that it is possible to meet the drinking water 
need with the roof harvesting system all year round. The 20x10x10 
m storage tank was designed to store water. 

[23] 
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 Rainfall duration, 
 Water 
consumption. 

Haqlan Valley, 
Iraq 

Identifying suitable areas 
for rainwater harvesting. 

 Flow depth, 
 Slope, 
 Soil structure, 
 Drainage, 
 Land use. 

 ArcGIS 
 Remote 
Sensing (RS) 
 Analytical 
Hierarchy Process 
(AHP) 

Total suitable area for rainwater harvesting constitutes 28% of the 
study area. 21% of the region is moderately suitable. 

 [24] 

Wadi 
Nisah/Saudi 
Arabia 

Creating maps of potential 
flood hazards and suitable 
locations for rainwater 
harvesting. 

 For the flood 
hazard; flow depth, 
drainage, density, 
elevation, slope, 
topographic wetness 
index and curve 
number. 
 For a place suitable 
for rainwater 
harvesting; 
precipitation, land 
cover, slope, flow 
pattern and linear 
density. 

 ArcGIS 9.3 
 Remote 
Sensing (RS) 
 Multi-Criteria 
Decision Making 
Model (MCDM) 
 Analytical 
Hierarchy Process 
(AHP) 

It was concluded that 15% of the study area has a very high 
rainwater harvesting potential. Based on the rainwater potential 
map, two possible impoundage locations are proposed. 

[25] 

Downstream side 
of Wadi Al-Lith, 
Saudi Arabia 

To map suitable sites for 
rainwater harvesting. 

 Soil, 
 Slope, 
 Slope number, 
 Alluvium, 
 Drainage density, 
 Proximity to 
streams, 
 Precipitation 
distribution, 
 Flow depth. 

 ArcGIS 10.2 
 Remote 
Sensing (RS) 
 Analytical 
Hierarchy Process 
(AHP) 

It is emphasized that the developed suitability maps will provide 
useful information to the decision maker to be used in water 
management. 

[26] 

Giresun 
University Güre 
and Gazipaşa 
campus areas, 
Türkiye 

Calculating the amount of 
rainwater collection in the 
roof areas of buildings. 

 Total roof area, 
 Average annual 
precipitation (mm), 
 Flow coefficient. 

 ArcGIS 
 Gould and 
Nissen-Petersen 
formula 

The study area has a total roof area of 44017.918 m2. The annual 
amount of rainwater to be harvested from the roofs is calculated as 
43185058.22 liters. Three different ways have been proposed for 
the use of harvested rainwater. The first is that approximately 
8637011.644 m2 area meets irrigation water if all of them are used 
for irrigation of green areas. Secondly, if all of them are used in 
toilets, it can meet the water needs of approximately 878 people for 
one year. The last recommendation is that if all of them are used in 
car washes, they should be used to clean approximately 431.850 
vehicles. 

[27] 
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Green infrastructure is a network of green area that 
aims to restore the ecosystem and ecological processes 
that have been destroyed by urbanization. In terms of 
sustainability, rainwater management provides 
numerous advantages [30, 31]. Green infrastructure 
applications can help to reduce the need for costly gray 
rainwater drainage systems as well as the impact of 
rainwater flow on infrastructure [29]. Natural 
hydrological cycle activities such weld point infiltration, 
evapotranspiration, and other losses in rainwater 
management are advantageous for green infrastructure 
applications [28]. Humanity's excessive and unconscious 
consumption of resources has caused global warming. As 
a result of global warming, climate change has occurred 
[8]. Changes in precipitation regimes are observed in line 
with global warming and climate change [8, 32]. 
Rainwater harvesting systems, one of the green 
infrastructure applications, are regarded as important 
adaptation mechanisms for communities affected by 
climate change [4]. These systems are based on various 
methods of collecting rainwater. Collected water can be 
used for agriculture, household usage, drinking water 
after treatment, and groundwater discharge [3]. 

Rainwater is a safe and dependable source in 
locations where industrial and transportation pollution 
are not as prevalent [4]. Rainwater harvesting is a widely 
used method of harvesting and storing water for a 
variety of applications, including irrigation and 
household use [33]. The water that is available in 
rainwater collection systems is acceptable for non-
drinking applications including toilet flushing, landscape 
watering, and untreated car washing. With a 
straightforward treatment, this rainwater, which is 
reasonably clean compared to other sources, can also be 
transformed into a potable supply [4]. 

The methods for harvesting rainwater are examined 
under the main two systems, passive and active [34]. 
Rainwater harvesting from the roof, which is one of the 
active systems and preferred in areas with dense 
structures, is the process of collecting runoff from 
impermeable surfaces in or near buildings during rains, 
storing them in waterproof containers and then using 
them. A simple rooftop rainwater harvesting system is 
provided in Figure 1, mainly consists of a collection area, 
transmission structure, filtering, tank and distribution 
structure [35]. 
 

 
Figure 1. Roof type rainwater harvesting system [35] 

 

As a field of study, industrial areas have an important 
share in the development plans of countries and water is 
a basic requirement of processes and products [36]. 19% 

of all freshwater is used by industry and energy 
worldwide. However, this section contains a variety of 
water sources, such as a well provided solely by factories 
located outside of the mains water supply. As a result, the 
actual used by the industry is even higher [9]. According 
to the concept of green growth, businesses can benefit 
both financially and environmentally by implementing 
sustainable strategies such as rainwater collection rather 
than conventional water management [36].  

Besides graphical data, additional textual information 
describing object properties is also needed. In this 
context, it is important to use more effective systems that 
combine graphical and textual data [37]. In recent years, 
the management of water resources has become more 
interested in geographical information systems (GIS) and 
remote sensing (RS) technologies. The reasons for this 
situation are that it provides advantages for many 
detailed options such as high-resolution spatial data 
acquisition, processing of the obtained data, mapping, 
detailed analysis, reporting and modeling [38–42]. This 
interdisciplinary approach is preferred because it allows 
quick decision-making of options without going on the 
field in many studies [39, 40]. The identification and 
mapping of ecological networks is a critical area of green 
infrastructure research [44]. Table 1 summarizes studies 
that associate the potential for rainwater harvesting with 
the Geographic Information System (GIS) and Remote 
Sensing (RS) and investigate the possibilities for use 
within green infrastructure. These studies have gained 
speed with the effects of global climate change. 

Within the scope of the literature examined, it was 
seen that no work was done on industrial areas. This 
work for industrial areas will be pioneering. This study 
was analyzed using open-source GIS software and Google 
Earth software, a free application for experts in various 
trade branches of rainwater harvesting in the industrial 
region, the industriallist, and researchers who want to 
research in this area to do so quickly and easily. When 
seen from this angle, it is clear that the work has original 
value in the subject and contributes significantly to the 
literature. In addition, this work contributes directly to 
the sustainable development goals of “Clean water and 
Sanitation” and “Climate Action”. 

The study's goal is to identify the possibility for 
rainwater harvesting in industrial zones (Eskisehir 
Organized Industrial Zone (EOIZ), Baksan Industrial Site, 
Matbaacılar Site, ESTIM Wholesalers site, Auto Gallery, 
EMKO Furniture and Woodworks, Teksan Industrial Site, 
Auto Industrialists and Small Industry, Craft Industrial 
Site, New Organized Industrial Zone Development Area 
and Small and medium-sized enterprises (SMEs)) with 
high water use and concentrated impermeable areas. In 
this context, the amount of rainwater accumulated in 
impermeable regions was calculated using GIS and RS to 
reduce the rainwater load that accumulated or reached 
the wastewater treatment plant with wastewater 
manholes. The study will directly contribute to the 
uncovering of the green water footprint originating from 
industrial impermeable areas.  

 

2. Method 
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The escalating water demand exerted on current 
water supplies will result in significant challenges in the 
future. The potential water shortage can be mitigated 
through the effective administration of rainwater with 
high levels of purity [45]. The investigation utilized open-
source software. Figure 2 displays the flow chart for the 
investigation. 

 

Figure 2. Study flow chart 
 

Gould and Nissen-Petersen formula [19] were used to 
calculate the potential for rain water harvesting in 
industrial areas (Eq 1). 

 

𝑄 = 𝐶 × 𝑖 × 𝐴 (1) 
 

 Where; Q (m3) rainwater harvesting potential,  
 C run-off coefficient,  
 i (mm)  mean annual precipitation and  
A (m2) roof top collecting area.  
The runoff coefficients (C) determined according to 

the type of roof in this formula are given in Table 2. 
  In Eskişehir, the mean of the rainfall falling to square 

meters for 2021 is 452 mm [46].  The monthly rainfall 
amounts of the province are given in Table 3. 

The measurement of the roof area is a crucial piece of 
information in the context of roof rainwater harvesting. 
This data was generated using the open-source software 
Google Earth Pro. The roofs of factories are converted 
into kmz format using Google Earth Pro and then 
measured using the "area calculator" tool in the open 
source QGIS program. Roof types are recorded in the GIS 
software database to calculate the area and estimate the 
suitable runoff coefficient for each digitized building. The 
roofing kinds are determined using the Google Earth Pro 

software and by doing on-site observations. The annual 
capacity for rainwater collection is automatically 
estimated by considering the roof areas of each building.  
Table 2. Runoff coefficients by roof type [47, 48] 

Roof Type Runoff coefficients 

Concrete 0.70 

Metal 0.75 

Plastic 0.85 

Tile 0.85 

 

Table 3. Eskişehir monthly rainfall data (2021) [46] 
Months Precipitation/Rainfall 

(mm) 
January  48 
February  47 
March  57 
April  53 
May  49 
June  37 
July  12 
August  14 
September 16 
October  36 
November  35 
December 54 

 

2.1. Study Area 
 

The industry has played a significant role in the 
development of Eskişehir. Eskişehir's industrial areas 
cover a total of 13,652 km2. Machine Manufacturing 
Industry leads the way with 23.1% of the total number of 
companies. The Chemical and Plastic Products Industry 
ranks second with 12.4%, followed by the Food Industry 
with 11.6% and the Metal Goods Industry in third place. 
Founded in 1969, Eskişehir Organized Industrial Zone is 
important for the city's industry. The region, which 
currently has 32,406,000 m2 fields, is one of Türkiye's 
largest organized industry zones [49]. In addition to the 
EOIZ, Baksan Industrial Site, Matbaacılar Site, ESTIM 
Wholesalers Site, Car Dealers, EMKO Furniture and 
Woodworks, Teksan Industrial Site, Auto Industrialists 
and Small Industry,  Small and medium-sized enterprises 
(SMEs), Craft Industrial Site and New Development Area 
are the main industrial areas of the province and are 
located within the study area [40]. Universities play an 
important role in the development of Eskişehir's 
industry, in addition to its geographical location, 
workforce, and transportation advantages [49]. 
Eskişehir province and the study area are given in Figure 
3.
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Figure 3. Study area (A: Baksan Industrial Site, B: Matbaacılar Site, C: Eskisehir Organized Industrial Zone, D: ESTIM 
Wholesalers Site, E: Auto Gallery, F: EMKO Furniture and Woodworks, G: Teksan Industrial Site, H: Auto Industrialists 
and Small Industry, I: Sm all and medium-sized enterprises (SMEs), J: Craft Industrial Site, K: New Organized Industrial 
Development Area) 
 

3. Results 
 

This work involves the creation of themed maps 
specifically for industrial locations that exhibit high 
levels of water usage. Site-specific legends have been 
created to account for the variations in roof area sizes 
and the possibility for rainwater collection in different 
industrial zones. The labels of the maps for the specified 
numerical parameters were classified using quantile 
(equal count) at Baksan Industrial Site and Matbaacılar 
Site. The process of natural fragmentation is employed to 
generate maps of the EOIZ and other industrial regions. 
Furthermore, the data on the type of roof for all fields is 

categorized as nominal. The size of the roof directly 
impacts the quantity of rainwater that may be collected 
from it. As the roof area expands, the potential amount of 
gathered rainwater also increases. The figures provided 
display the maps illustrating the sizes of the roof areas 
for Baksan Industrial Site (Figure 4), Matbaacılar Site 
(Figure 5), EOIZ, and other industrial sites (Figure 6). The 
charts indicate that the minimum roof area in industrial 
regions is 4 square meters, while the maximum roof area 
measures 119.124 square meters.
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Figure 4. Baksan Industrial Site roof area 

 
The Baksan Industrial Site has a minimum roof area 

of 5 m2 and a maximum roof area of 1570 m2. The roof 
area predominantly spans a range of 349 to 1570 m2, as 

depicted in Figure 4. The roofs within this range account 
for 56% of the total number of roofs at the Baksan 
Industrial Site. 

 
Figure 5. Matbaacılar Site roof area 

 

When looking at the roof areas of the Matbaacılar Site, 
the smallest roof area is 17 m2. The largest roof area the 

site has is 564 m2. 38% of the roofs on the site are in the 
range of 525-564 m2 (Figure 5).
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Figure 6. EOIZ and other sites roof area 

 
The Eskişehir Organized Industrial Zone and the 

adjacent industrial regions have the largest roof area in 
the research area, as shown in Figure 6. 24% of the roofs 
in the specified area have an area of less than 1579 m2. 
20% of the values fall within the range of 5079-11052 m2, 
and 26% are between 1579 and 5079 m2. The roofs have 
an area of 16% between 11052-22150 m2, while a tiny 
fraction of them, specifically 7%, have an area between 
22150-45281 m2. The total area of roofs greater than 

45281 m2 is 8% of the whole amount.  
Roof types have been identified in order to ascertain the 
runoff coefficient. The roof types maps for the Baksan 
Industrial Site, Matbaacılar Site, EOIZ, and other 
industrial sites are provided in Figure 7, Figure 8, and 
Figure 9, respectively. The predominant roof materials in 
Eskişehir's industrial zones are concrete, metal, tile, and 
plastic. The metal roof type is the most favored among 
these options, as depicted in the figures.

 

 
Figure 7. Baksan Industrial Site roof types 
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The Baksan Industrial Site is primarily characterized 
by the prevalence of metal roofs, accounting for 81.27% 
of the area (Figure 7). The plastic roof is the least 
common type of roof, accounting for only 0.50% of all 

roofs. Furthermore, the proportion of concrete roofs 
amounts to 1.83%, while the proportion of tile roofs 
stands at 16.40%. 

 

 
Figure 8. Matbaacılar Site roof types 

 

According to Figure 8 of the Matbaacılar Site, there 
was no plastic roof found. The percentage of concrete 
structures with the smallest roof type is 10%. Typical 

metal roofs have a ratio of 75%. The proportion of roofs 
that are tiled is 15%. 

 
 

 
Şekil 9. EOIZ and other sites roof types 
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Figure 9 depicts the prevailing variety of metal roof. 

The percentage of metal roofs specified is 93.96%. The 
predominant roofing material in the area is plastic, 
accounting for 0.13% of the total. The proportion of 
concrete roofs is 0.27% and the proportion of tile roofs is 
5.64%.  The inclusion of rain data in 2021 into the 
existing database has resulted in the generation of roof 
rainwater collection potential maps for industrial sites in 

Eskişehir. The minimum amount of rainwater that can be 
captured from these places is 1 cubic meter, while the 
maximum amount is 40383 cubic meters. The potential 
maps for Baksan Industrial Estate, Matbaacılar Site, EOIZ, 
and other Industrial Sites are provided in Figure 10, 
Figure 11, and Figure 12, respectively. The Eskişehir 
Organized Industrial Zone exhibits the greatest potential.

 

 
Figure 10. Baksan Industrial Site roof rainwater harvesting potential in 2021 

 

The Baksan Industrial Site (Figure 10) can collect a 
minimum of 2 m3 and a maximum of 532 m3 of water 
each year from its roof. Roofs with a rainwater harvesting 
capacity of less than 16 m3 account for 3%. For the 
harvests between 16-22 m3, the roofs that are 
appropriate have a capacity of 6%, while the roofs 

capable of harvesting between 22-47 m3 have a capacity 
of 10%. Approximately a quarter of roofs have the 
capacity to collect rainwater within the range of 47 to 
118 cubic meters. The remaining 56% exhibits potential 
within the range of 118-532 cubic meters. 
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Figure 11. Matbaacılar Site roof rainwater harvesting potential in 2021 
 

The minimal quantity of water that can be collected 
from a roof in the Matbaacılar Site (Figure 11) is 6 cubic 
meters. The land has a maximum rainwater harvesting 
capacity of 191 cubic meters. The amount of rooftops 
having the capability for rainwater collection ranges 
from 6 to 11 cubic meters, or 1% of the total. Only 3% of 
the roofs have the capacity to collect between 11 and 69 

cubic meters of rainwater. Roofs with a capacity between 
69-143 m3 make up 17% of the total, while roofs capable 
of collecting rainwater between 143-178 m3 account for 
40%. The maximum capacity for rainwater harvesting in 
the industrial sector ranges from 178 to 191 cubic 
meters, with 38% of the roof area contributing to this 
range. 

 

 
Figure 12. EOIZ and other industrial sites roof rainwater harvesting potential in 2021 
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Figure 12 displays a potential map of the EOIZ and 
other industrial sites that can be used for roof rainwater 
gathering. Approximately 24% of roofs in these areas had 
a water collection capacity of less than 535 cubic meters. 
The part representing 26% of the whole shows 
promising prospects within the range of 535 to 1722 
cubic meters. Within the range of 1722-3747 m3, roofs  

capable of collecting rainwater account for a 19% 
proportion. Approximately 16% of the roofs in the area 
have a capacity for harvesting between 3747 and 7509 
cubic meters of water. The volume between 7509-15350 
m3 represents 7%. Roofs with a capacity of more than 
15350 m3 of rainwater make about 8% of the total.

Figure 13. Potential for roof rainwater harvesting in industrial areas (m3/year) 
 
4. Discussion 

 

Due to the rise in impermeable surfaces and 
population, there has been a corresponding increase in 
the amount of precipitation that collects or enters the 
wastewater treatment plant via wastewater manholes. 
The conventional approaches to rainwater management 
are inadequate. The reflections of this phenomenon 
disrupt the balance of the water cycle and manifest 
themselves in the form of floods and inundations. In 
addition, the energy spent during the transportation and 
treatment of water/wastewater between the plant and 
the consumer increases carbon emissions. When 
considered economically, high water withdrawal and 
consumption also bring high bills. In line with the green 
growth approach, implementing approaches with low 
installation and operating costs, such as rooftop 
rainwater harvesting systems, compared to traditional 
water management provides businesses with financial 
and environmental advantages. Sustainable practices 
that will reduce carbon footprint and disaster risk should 
be adopted in rainwater management for adaptation to 
climate change. 

Based on the conclusions of the analysis, which are 
presented in Figure 13, it can be deduced that the total 
amount of rainwater that may be collected from the 
rooftops of all industrial zones in Eskişehir in the year 

2021 is 1,872.575 cubic meters. EOIZ, boasting the most 
expansive roof area among all industrial areas, possesses 
significant untapped potential. The Matbaacılar Site has 
the lowest potential in terms of area. When assessing the 
potential for roof rainwater harvesting, it is important to 
consider various elements, including the current climate 
conditions, evaporation losses, roof slope, wind speed, 
and the parameters being studied. In order to achieve 
more dependable and precise outcomes, it is advisable to 
utilize precipitation data on a weekly, daily, or hourly 
basis [50].  

EOIZ consumed a total of 7.084 cubic meters of water 
in 2021, as indicated in Figure 14. Rainwater harvesting, 
an exemplification of green infrastructure applications, 
has the capacity to yield 1,520.327 cubic meters of water 
for this specific region, based on the data from 2021. The 
quantity of water delivered is 215 times greater than the 
amount that was utilized (Figure 14).  Excess water can 
be effectively controlled by utilizing gardening 
techniques like irrigation. Moreover, in regions 
characterized by a high concentration of impermeable 
surfaces, it is plausible that precipitation does not 
infiltrate the aquifers. Unused rainwater can be released 
into aquifers. Consequently, it has been demonstrated 
that the water requirements of industrial regions can be 
fulfilled using a sustainable approach. 
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Figure 14. Eskişehir Organized Industrial Zone Water 
Consumption [51] 
 

5. Conclusion 
 

Rainwater harvesting studies are led by the German 
DIN 1989-100:2022-07 standard, as well as the 
“Regulation On Rainwater Collection, Storage And 
Discharge Systems” in Türkiye and the “Rainwater 
Harvesting Guide Document” published by the General 
Directorate of Water Management of the Ministry of 
Agriculture and Forestry in 2022. Furthermore, the 
revisions implemented by the Ministry of Environment, 
Urbanization, and Climate of the Republic of Türkiye 
have modified the previously published Fields Imar 
Regulation, as stated in the Official Gazette dated January 
23, 2021. These changes will serve as a significant 
reference for present and future projects, particularly in 
relation to the requirement of incorporating a rainwater 
collection system in structures exceeding an area of 2000 
m2. Istanbul, the metropolis of Türkiye, has introduced a 
legal regulation for green roof and rainwater harvesting 
works with the “Istanbul Zonıng Regulatıon”. In order to 
raise awareness on this issue, a total of four rainwater 
collection ponds have been built in Konya so far, while 
projects are ongoing in metropolitan cities such as Izmir 
and Ankara. The municipalities continue to implement 
education and projects on the subject. At this point, the 
work done can be a resource for the administrations in 
planning new projects. Furthermore, rainwater 
collection makes a direct and significant contribution to 
achieving the "Clean Water and Sanitation" and "Climate 
Action" objectives outlined in the sustainable 
development goals established by the United Nations.  

In this study, utilized open-source QGIS and Google 
Earth Pro applications to assess the rain harvesting 
potential and utilization opportunities for industrial 
districts in Eskişehir, a significant water consumer. The 
collection of yearly rainwater harvesting data holds 
significance for both the environment and the economy 
in these industrial regions. This study, which reveals the 
potential of rainwater that can be harvested through the 
replanning of the existing infrastructure in the region 
and new construction, has shown that by integrating 
rainwater harvesting systems as a part of the green 
infrastructure, industrial zones in Eskişehir may fulfill 
their water needs by using rainwater collected from 
roofs within the framework of green infrastructure. 
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