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Water is a precious and limited resource that nourishes countless living things. As population
pressures increase day by day, most communities on Earth are facing a shortage of water resources.
For this reason, the authorities started to look for alternative water resources. As a matter of fact,
the harvesting of rainwater has once again gained importance and has been the subject of research
by researchers and engineers. In this study, investigating the rainwater harvesting potential in public
buildings in the Bayrakl district of izmir shows that approximately 41 thousand tons of rainwater
can be harvested, which corresponds to 0.17% of the population demand. On the other hand, this
rate decreased to 0.15% in the 2031 projection. We believe that rainwater harvesting in public
buildings in urbanized areas is not sufficient, and that authorities should encourage or finance
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communities that install rainwater harvesting systems to avoid further water stress.
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Introduction

Water is one of the most essential needs for life.
European Union defines as “Water is not commercial
product like any other but, rather, a heritage which must be
protected, defended and treated as such”. Due to growing
populations and industries, water demand has been
increasing rapidly. Water resources are under strong
pressure in terms of both quantity and quality because of
the global warming and pollution. Today, the challenge of
water security is global and growing day by day. Water is
vital for humans, animals and plants. Growing populations
and climate change are added burdens to the global water
crisis. Water use has been increasing worldwide by about
1% per year since the 1980s. Global water demand is
expected to continue increasing at a similar rate until 2050.
Also, Schlosser et al. (2014) stated that approximately 50%
of the projected 9.7 billion human population in the world
is expected to have moderately stressful water supply
conditions by 2050.
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The total amount of water on Earth is approximately 1.4
billion cubic kilometers. Although 75% of the Earth is
covered by oceans in the form of sea water, only 2.5% of
all water on Earth is freshwater. By the numbers 97.5
percent of the water on Earth is salty. Only 2.5% of all the
water on Earth is freshwater. Less than 1% of this
freshwater is usable and available for ecosystems and
humans. 68.6% of the Earth’s freshwater is in the form of
ice and permanent snow in mountains. Frozen water is
unavailable for consumption or use in agriculture. %30 of
the world freshwater on the underground and hard to
access. And as little as 0.3% of freshwater is effortlessly
accessible in lakes and rivers. Brazil, Russia, Canada,
Indonesia, China, Columbia, and the United States have
most of the Earth’s surface freshwater resources.

Developing countries, such as Turkey, often face a
greater risk of water stress than developed countries.
Today, more than half of the global population reside in
urban areas. The uncontrolled increase in population and
immigration in cities is a major problem of many
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developing countries. This population increase, which
causes unplanned urbanization, makes water supply difficult
and creates big problems in the evaluation of wastewater.
Therewithal, urbanisation increases risks of flooding when
the extension of impervious surfaces augments and
accelerates urban run-off in cases of heavy rains. If cities are
to adapt to survive, they will need to diversify their planning,
going beyond a linear approach focused on service provision
alone, while minimizing costs. This will necessitate a much
broader assessment of water resources and a resilient system
designed to protect against shocks. For these reasons, the
importance of the rainwater harvesting system increases.
Rainwater harvesting is the capture, diversion, and storage
of rainwater for a number of different purposes including
landscape irrigation, drinking and domestic use, aquifer
recharge, and stormwater abatement. The RWH plays a
critical role in solving the world’s problem of increased
water stress. Rooftop rainwater harvesting (RTRWH) is the
most common technique of rainwater harvesting.

The prevalence of RWH systems and the use of
rainwater in European countries is varied. In the UK, the
storage of rainwater for home use is popular and has a long
tradition. In Germany, one third implement project and
design solutions, the support programs, grants and subsidies
of all new buildings use rainwater for household purposes
through local government subsidies. Similarly, Spain has
launched a national program of subsidies for RWH in new
buildings. Rainwater is collected on the roof of the New
York World Trade Center and used to irrigate the
surrounding parks. At Frankfurt Airport, rainwater is used
for irrigation and toilet flushing. On the other hand, the
Marburg Tennis Court in Germany is irrigated with
rainwater supplied from outside. At the Uberlingen Bommer
Car Wash Facility, rainwater is used for car washing.
Rainwater is used in toilet cisterns on 14 of the 25 floors at
the Berlin Sony-Center. In the United States, thousands of
homes are known to have rainwater storage systems. It is
known that most of them are used for garden irrigation and
plant growing, while 20% of them are used for drinking
water. In the center of the state of Texas, there are more than
400 systems that meet all their needs from rain water. In the
city of Austin alone, 6000 storage tanks are installed.
Rainwater stored in The Edith Green-Wendel Wyatt Federal
Building is used to meet the water needs of WC, irrigation
and cooling towers. During one year, 626,544 gallons of
rainwater were collected and reused. In winter, rain water
meets 85% of the total water used in the building.

In this study, the issue of integrating rainwater
harvesting system into public buildings (school, hospital,
mosque, etc.) in Bayrakli district is discussed. In addition,
the effect of rainwater collected with this system on
meeting the water demands of the district population was
examined. Roof areas of public buildings were obtained
using the General Directorate of Land Registry and
Cadastre (TKGM) website and Yandex Maps.

Materials and Methods

Methodology

All public schools, mosques, hospitals and other state
institutions in the Bayrakli district of Izmir were examined
on the Yandex map in the parcel inquiry application of the
General Directorate of Land Registry and Cadastre

(TKGM). Roof areas of all public schools, mosques,
hospitals and other government institutions in the Bayrakli
district were obtained using the TKGM site. Potential
rainwater harvests of all institutions in the district were
calculated by using this area information in the relevant
formulas. In this study, the collection and storage of
rainwater, which should be considered as efficient and
sustainable as possible, and the presentation of different
solutions depending on the potential of the buildings in the
district that are compatible with the rainwater harvesting
system are discussed.

Field of Study

In this study, it was aimed to determine the potential
rainwater harvest of Bayrakli district. Roof area
information obtained from the TKGM website was used
(Figure 1). According to 29 th General Directorate of
Meteorology, the average rainfall in Izmir between 1938
and 2020 is 710.5 millimeters. This amount is suitable for
integrating a rainwater harvesting system into Bayrakli
district. Rainwater collected by the rainwater harvesting
system and accumulated in the storage tank can be used for
toilet reservoirs, sinks and garden irrigation in schools,
hospitals, mosques and other public buildings. It can also
be used as drinking water, if necessary, disinfection
processes are applied. In this way, economic gains can be
achieved for public buildings.

Water Resources in Izmir

Drinking and utility water of 1zmir, which is the third
largest city in Turkey and the largest in Western Anatolia,
is supplied from underground water resources (deep wells)
and surface water resources (dams, spring waters). The
drinking water distribution system of 11 districts (Cigli,
Karsiyaka, Bayrakli, Bornova, Konak, Buca, Gaziemir,
Karabaglar, Balgova, Narlidere, Giizelbahge) that make up
the Old izmir metropolitan area, including Bayrakli, is
integrated and not a discrete system. The water obtained
from Sarikiz deep wells, Goksu deep wells, Menemen deep
wells, Cavugkdy deep wells, Halkapinar deep wells,
Pinarbasi deep wells, Buca and Sarni¢ deep wells, Tahtalt
Dam, Gordes Dam and Balgova Dam enters the city from
different points and merges in the water distribution
system. The water produced from these sources is
conveyed to the city by transmission lines, and distributed
to all regions at 0-50 meters elevation by establishing a
balance with Halkapinar 55000 m* warehouse, Polygon
warehouse, Gorece Treatment warchouse, Cumhuriyet
warehouses.

Precipitation in Izmir

In Izmir, the rainfall amount shows the greatest
variability among the climate elements. Although the
annual average amount of precipitation is 710.5
millimeters, depending on the

changes in the general atmosphere circulation, the total
precipitation approaches 1000 millimeters in some years
and decreases to around 300 mm in some years. The
amount of precipitation throughout the year increases from
the second half of October and continues until May.

The months with the highest monthly average
precipitation are December, January and February.
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Figure 1. Bayrakli District- from the P;r‘cel Inquiry Screeri

of the TKGM Site

Figure 2. Drawing for Roof Area Calculation
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Figure 3. Roof Area (%) Graph of Public Buildings

According to the average precipitation values, the
annual contribution of precipitation falling only in
December is around 20%. In summer, the share of monthly
precipitation in the annual total decreases to 2%.

Roof Shape and Area Calculation

The harvestable rainwater volume from the roofs of
hospitals, mosques, schools and other public buildings in
Bayrakli district was calculated using the Gould and Nissen
formula:

R=S x A x Cr 1)

Where;
= Is rainwater harvesting potential
= Is catchment area in m2
= Is monthly rainfall in
mm, and Cr =Is the runoff coefficient.

The runoff coefficient depends on the surface type,
slope and size of the roofs. The runoff coefficient indicates
the proportion of rainwater that can be collected from a roof

with certain characteristics and helps calculate the amount of
rainwater harvesting. In this study, the roof type is concrete.
Therefore, the Cr value should be taken as 0.70. Runoff
coefficients for common roof types are shown in Table 3.
The catchment surface can be determined by collecting the
horizontal surface area, half of the vertical height area, and
half of the adjacent wall area. Area of ABCD = roof plan
ABC'D' + 1/2* beveled surface CDC'D’ + 1/2* side wall
ADE (Figure 2).

Water Demand Calculation

The annual average precipitation in Turkey is
approximately 574 mm, which corresponds to an average of
450 billion cubic meters of water per year. Turkey's
technically and economically consumable surface and
ground water potential is 112 billion cubic meters per year,
of which 54 billion cubic meters is used. According to water
availability, countries are classified in three ways as water
poor, water scarcity and water rich. Countries are defined as
water poor when the amount of usable water per capita per
year is less than 1000 cubic meters, water scarce when it is
less than 2000 cubic meters, and water rich if it is more than
8,000-10,000 cubic meters. Turkey's annual usable water per
capita is around 1,363 cubic meters. According to this data,
Turkey is not a water-rich country. According to the annual
amount of water per capita, our country is in the position of
a country experiencing water scarcity. The Turkish
Statistical Institute (TUIK) predicts that the population of
Turkey will be 100 million in 2030. In this case, it can be
said that the amount of usable water per capita for 2030 will
be around 1,120 cubic meters per year. This situation shows
that Turkey may be a country with water shortage and water
stress in the future.

In this study, the water demand of Bayrakli was
calculated according to its population in 2021. While
making the calculations, the Bank of Provinces method was
used, and the average Daily water consumption per person
was taken into account. The population of Bayrakli in 2021
is 306.988. Specific water requirement according to Iller
Bank is given in the table 4.

According to the table, Bayrakli's daily water
requirement per person is 225 liters/person/day. According
to Iller Bank, daily water demand (D) has been calculated as
69072.3 (ton/day) using the following formula:

N
D= qHY m (2)
P=100°" /ﬂ 1 3)
Ne
B P et
Ne=N; |1+ @)
Where;
D = Is total water demand (mq)
quy = ls specific water requirement (L/person/day)
N = Is population
t = Is time (year) and subscripts e,i,g stands for

past, current, future time zone, respectively.

The population of Bayrakli in 2031 was calculated as
339105 using the above formula. According to this
population, the daily specific water requirement (qHY) will be
225 (L/per/day) in 2031, and daily water demand (D) will be
76298.63 (ton/day) in a day where water is frequently used.
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Figure 4. Monthly Rainwater Supply Amounts

Table 1. The Average Monthly Precipitation in Izmir (mm)

Months

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Rainfall(mm)

1350 1019 754 46.1 318 120 4.1 56 155 448 926 1457

Table 2. The Average Monthly Rainy Days in Izmir

Months

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Avg. Rainfall Days

140 117 107 9.1 7.0 35 07 09 27 66 101 144

Table 3. Runoff Coefficients

of Common Types of Roofs

Gl Sheet 0.90

Asbestos 0.80

Tiled 0.75

Concrete 0.70
Table 4. Specific Water Requirement per Person (qy)

N, (person) gu (L/day/person)

Up to 3000 60

3001 — 5000 70

5001 — 10000 80

10001 — 30000 100

30001 — 50000 120

50001 — 100000 170

100001 — 200000 200

200001 — 300000 225
Table 5. Monthly Amounts of Harvestable Rainwater

MR (1938 — 2020) TCA, m?(A) AMR, mm (B) RC (C) RS, m®(A x B x C)

January 84435 135.0 0.7 7979.11
February 84435 101.9 0.7 6022.75
March 84435 75.4 0.7 4456.48
April 84435 46.1 0.7 2724.72
May 84435 31.8 0.7 1879.52
June 84435 12.0 0.7 709.25
July 84435 4.1 0.7 242.33
August 84435 5.6 0.7 330.99
September 84435 15.5 0.7 916.12
October 84435 44.8 0.7 2647.88
November 84435 92.6 0.7 5473.08
December 84435 145.7 0.7 8611.53
Annual Rainfall 84435 710.5 0.7 41993.76

MR: Monthly Rainfall, TCA: Total Catchment Area, AMR: Average Monthly Rainfall, RC: Runoff Coefficient, RS: Rainwater Supply
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Results and Discussion

In this study, rainwater harvesting potential was
calculated based on the total roof area of schools, mosques,
hospitals, and other public buildings in Bayrakli, the annual
average rainfall of Izmir, and the runoff coefficient
according to the roofing material used. Using the parcel
inquiry application on the TKGM site, the total roof area
of the buildings was determined as 84435 square meters.
(Figure 3)

The roofs of almost all of the buildings are made of
concrete, so the runoff coefficient is taken into account as
0.7. Annual average precipitation data were obtained from
the website of the General Directorate of Meteorology. The
results show in both tabular and graphical way in Table 5
and Figure 4.

In this study, information about rainwater harvesting is
given. The potential of rainwater to be collected from the
roofs of schools, mosques, hospitals and other public
buildings with surface area of 84435 m2 in Bayrakli district
to meet the water demands of the region has been
investigated. For this purpose, the amount of rainwater to
be collected from the roofs was calculated by using the
monthly precipitation data of Izmir province. The current
population of Bayrakli is 306988. The annual water
demand of this population is 25,211,389.5 m3. The annual
amount of rain water that can be collected from schools,
mosques, hospitals and other public buildings in the district
with the rainwater harvesting system is 41,193.76 m3.
With this system installed in the public buildings in the
district, approximately 0.17% of the annual water demand
of the entire Bayrakli population can be met.

According to the calculation made by the Iller Bank
method, since the population of the district will be
approximately 339,105 in 2031, the annual water demand
of the population will be 27,848,998.13 m3. With the
rainwater collected from the public buildings in the district,
0.15% of the annual water demand of the population in
2031 will be met. Based on all these calculations, it is
concluded that the rainwater collection system is an
advantageous system. In today's world where there is a
shortage of water and water supply causes great costs, both
cheap and practical systems such as rainwater harvesting
should be expanded. It is thought that with the
dissemination of these systems, the ecological balance will
be protected, sustainable development will be ensured and
water resources will be used more efficiently.

Conclusion

Water is a very important resource for humanity and
becomes an even more valuable resource as a result of
global warming, climate change, waste and population
growth. Although more than two-thirds of the world is
covered with water, only a small part of it can be used. In
addition, a large part of the water is spent and wasted
unnecessarily for consumer needs. It is observed that the
water need in these regions can be met to a significant
extent by rainwater harvesting in some arid and semi-arid
regions of the world. Although Turkey is rich in terms of
underground and surface water resources, water levels are
decreasing gradually as a result of misuse of water. In the
coming years, the climate change that will occur as a result
of global warming will be felt more and will make the

severity of this situation much more important. Rainwater
harvesting method, which is not widely used in Turkey,
will be effective in solving the problems encountered in
arid and semi-arid regions. In this study, it is seen that even
when the rainwater harvesting system is placed only in
public buildings in Bayrakli district, it meets a substantial
portion of the water need in the district. In addition, in
order to catch up with the standards applied in the world in
rainwater harvesting, especially training; It will be possible
to reduce the water shortage in the future by making more
efficient use of water by making legal arrangements
regarding research and development, investment activities,
congresses and rainwater harvesting.
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