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. PROJENIN AMACI

iklim degisikligi, dogal degisikliklere ek olarak, dogrudan veya dolayli olarak insan
faaliyetleri sonucunda olusan degisikliklerdir.

Turkiye gibi kiiresel sera gazi emisyonlarina katkisi az, ancak etkilenme seviyesi
yuksek bir tlkede kentlerde iklim degisikliginin olumsuz etkilerine karsi direng
saglayabilecek uyum stratejileri gelistiriimesi 6nem arz etmektedir.

Bu gergevede, Su Yonetimi Genel Midurltgi tarafindan yagmur suyu hasadi, gri
suyun kullanimi ve su fiyatlandirilmasi, tilkemiz igin dncelikli iklim degisikligine
uyum tedbirleri olarak belirlenmistir. Proje ile bu faaliyetlerin yayginlastiriimasi
ve yayginlasmasinin dnlindeki engellerin tespit edilmesi amaglanmistir.

Proje, Turkiye'de bliytksehir belediyesi teskilatina sahip 30 ili kapsamaktadir.

Pilot iller ve Temsil Ettigi Bélgeler

. PROJENIN KAPSAMI

@ Biyiksehirlerin iklim Temelli Ozelliklerinin Belirlenmesi

Yagmur Suyu Hasadi Fayda-Maliyet ve Teknik Yapilabilirlik
ve Sirdurilebilirlik Analizleri

@ Gri Su Kullanimi Fayda-Maliyet ve Teknik Yapilabilirlik

ve Surdurilebilirlik Analizleri

Su Fiyatlandirmasi Calismalari
Yagmur Suyu Hasadi ve Gri Su Kullanimi
Pro]e|endirme Calismalari

1) Egitim Fadliyefleri

. YAGMUR SUYU HASADI

Yagmur suyu hasadi; ¢ati, kaldirnm gibi gegirimsiz ylzeylerden akisa gegen
yagmur suyunun toplanarak bahge sulama, sifonlar, arag yikama gibi amaglarla
yeniden kullaniimasi veya topraga sizdirilarak tutulmasidir.

Yagmur suyu hasadi faaliyeti ile sebeke suyunun tiiketim oraninin azaltiimasi,
suyun verimli kullanilmasi ve gittikge siddeti artmakta olan su kithgina alternatif
bir ¢oziim gelistiriimesi hedeflenmektedir.

Adana, istanbul, izmir, Konya, Mardin ve Ordu'da insa halinde ve yerlesik toplu
konutlar, kamu binalari, sanayi tesisleri, oteller, spor salonlari ve rekreasyon
alanlari olmak tzere toplam 42 alan igin analizler yapilmistir. Alanin bulundugu
bélgenin yagis rejimi dikkate alinarak o alanda kurulacak yagmur suyu hasadina
yonelik sistemin maliyeti, saglayacagi fayda ve sistemin geri 6deme siresi
bulunmustur. Geri 6deme strelerinin 20 yildan az oldugu durumlarda sistem
rantabl kabul edilmistir.

Yagmur Bahce Camasir Tuvalet  Rekreasyon
Suyu Sulama Yikama Amagli

Yagmur suyu hasadi fayda maliyet analizlerinde geri 6deme siirelerini etkileyen
en 6nemliunsurlar; yagis miktari, catralani ve su birim fiyatidir.

Yagis Miktari

Yagis miktari fazla olan bolgelerde toplanan yagmur suyu miktari; dolayisiyla
tasarruf edilen su miktari fazla olmaktadir. Yillik ortalama 1.246 mm yagis alan
Ordu'daki 2.000 m? gat1 alanina sahip yerlesik binada 1.850 m? su tasarrufu
saglanirken, ayni ¢ati alanina sahip 643 mm yagis alan istanbul'daki binada 870
m? su tasarrufu edilmesi mimkindir. Bu durum Ordu'da yapilacak yatirimin
daharantabl olmasini saglamaktadir.

Cati Alani

Cati alani genisledikge toplanan yagmur suyu miktari artmaktadir; dolayisiyla
spor salonlari ve sanayi tesisleri gibi ¢ati alanlari genis yapilar yagmur suyu
sistemlerine ¢ok uygundur. Ordu'da, 4.800 m? biyikligiinde ¢atisi olan spor
salonunda toplanabilen yagmur suyu ile tuvaletlerde kullanilan sifon suyu
ihtiyacinin yaklasik %70'inin karsilanabildigi ve yatirimin geri 6deme siiresinin 5
yil oldugu gérilmistur. Adana'daki ¢ati alani 100.000 m? olan sanayi tesisinde
ise sifon suyu ihtiyacindan %85 oraninda su tasarrufu saglanabildigi ve yatirnmin
1yilda geri 6denebilecegi hesaplanmistir.

Su Birim Fiyat

Su tarifesinin yiiksek oldugu iller ya da sanayi tesisi, otel gibi abone tiplerinde
yagmur suyu sistemlerinin rantabilitesi artmaktadir. istanbul'da su birim fiyatinin
22,4 TL oldugu sanayi tesisinde geri 6deme siresi 12 yil iken; su birim fiyat1 8,33
TL olan benzer gati alanina sahip kamu binasinda ise 20 yilin Uzerinde
olmaktadir. ilave olarak, su birim fiyati her sehirde farkhlik géstermektedir.
Ornegin; Antalya'da suyun 28,5 TLile satildigi otelde yatirimin geri 6deme siiresi
4 yil; su birim fiyatinin 10,8 TL oldugu Mardin'deki benzer ¢ati alanina sahip
oteldeise 10 yil olarak hesaplanmistir.

Yagis Miktari ve Su Birim Fiyati Geri Odeme Siiresini Nasil Etkiliyor?
1.000 m? gati alanina sahip bir binada toplanan yagmur suyunun, tuvalet

rezervuarlarinda sifon suyu olarak kullanildigi sistemin geri 6deme sureleri tim
sehirlerde degisiklik gostermektedir.
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Farkl Yagis Miktarlari ve Su Birim Fiyatina Gore
Yagmur Suyu Hasadi Sisteminin Geri Odeme Siirelerinin Analizi

Ordu ya da benzer yagish bir ilde su birim fiyatinin 10 TL/m?* oldugu alanlarda
sistemin uygulanmasi ekonomik bulunurken; Konya ya da benzer yagisl bir ilde
ayni rantabilitenin yakalanabilmesi ancak 26 TL/m? su birim fiyatinin
uygulanmasiile mimkuiindr.

. GRi SUYUN KULLANIMI

Gri sular, az kirlilik oranina sahip ve tuvalet atigi icermeyen atiksulardir ve gerekli
aritmalardann gegirilerek sifonlarda, bahge sulamada, arag¢ yikamada, zemin
temizlemede, yangin sondiirmede ve siis havuzlarinda kullanilabilir. Bazi hazir
moddler sistemlerle lavabo gideri dogrudan sifona baglanabilir ve su tasarrufu
saglanabilir.

Adana, istanbul, izmir, Konya, Mardin ve Ordu'da kamu binalari, yerlesik ve insa
halinde olan bina ve oteller olmak izere toplam 30 alanda gri su sistemleri igin
analizler yapilarak; gri su sisteminin maliyeti, saglayacagi fayda ve sistemin geri
odeme siresi bulunmustur. Geri 6deme siirelerinin 20 yildan az oldugu
durumlarda sistem rantabl kabul edilmistir.

Gri su kullanimi sistemlerinin geri 6deme surelerini etkileyen en 6nemli
unsurlar; toplanabilen gri su miktar, illere gére degisen yatirim-isletme
maliyeti ve su birim fiyatidir.

Toplanabilen Gri Su Miktari

Binadan c¢ikan gri su miktari arttikca birim m? gri su basina yatinm maliyeti
azalmakta ve geri 6deme siresi kisalmaktadir. Adana'daki bir otelde gtinliik 10
m? kapasiteli bir gri su aritma sistemi kuruldugunda geri 6deme siiresi 19 yil iken,
20 m? kapasiteli aritma sistemi tasarlandiginda geri édeme siiresi 9 yila
inmektedir; birim m? gri su basina diisen yatirim maliyetiise 112 TL'den 85TL'ye
diismektedir.

Su Birim Fiyat

Sebeke suyu tarifesi yiiksek illerde ya da otel, sanayi gibi yuiksek tarifeli abone
tiplerinde gri su sistemi daha da rantabl olmaktadir. Ornegin; suyun 25,98 TL
olarak satildigi Ordu'daki bir otelde yatirnm rantabl olurken, suyun 10,8 TL'ye
satildigl kamu binasinda yatirirm g¢ok uzun strede kendini karsilamaktadir.
izmir'de suyun 39,12 TL'ye satildig1 bir otelde yatirimin geri 6deme siiresi 6 yil;
19,89 TL'ye satildig1 Adana'daki bir otelde ise 24 yil olarak hesaplanmistir.

Yatinm Maliyeti

insa halinde olan yapilarda gri su sisteminin uygulanmasi, herhangi bir kirnm
yapilmayacagindan yerlesik binalara gére daha az maliyetlidir. Mardin'de
kullanimda olan bir otelde gri su sisteminin geri 6deme siiresinin 35 yil oldugu,
otelin ingasi baglamadan 6nce uygulanmasi durumunda ise yatirimin 19 yilda
geri6denebilecegi hesaplanmistir.

Kat-Kisi Sayisi Geri Odeme Siiresini Nasil Etkiliyor?

Herilde 2, 5 ve 10 katli binalar igin gri su sistemi analizi yapiimistir. Kat-hane sayisi
arttikca geri kazanilabilecek gri su miktari artmaktadir. Birim m3 gri su basina
disen yatinm maliyetinin azalmasi ve su tasarrufunun artmasiyla ekonomik
fayda yukselmektedir.

Binada kat ve kisi sayisi arttik¢a;
ilk yatirnm maliyeti artsa da birim
m3 gri su basina disen yatirim
maliyeti azalmakta ve yatirimin
geri 6deme siiresi kisalmaktadir.
insa halinde olan 2 kath bir
binadaki gri su sisteminin geri
odeme siresi, 10 kath bir binaya
kiyasla yaklasik 20 kati daha
i fazladir.
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1 m? gri su bagina yatirim maliyeti (TL/m?) -8-Geri 6deme siresi

Gri Su Kullaniminin Farkli Kapasiteli
Binalarda Fayda-Maliyet Dengesi

. SU FiYATLANDIRILMASI

Su, iklim degisikliginin de etkisiyle, her gegen giin daha kit ve 6nemli bir kaynak
haline geldiginden, dogru sekilde fiyatlandiriimasi 6nemlidir. Gelecek nesillerin de
bizler gibi temiz ve glivenilir su kaynaklarina erisebilmesi yani strdurlebilir su
kaynaklarina erisim igin, suyun yalnizca aritma, kurumsal giderler gibi maliyetleri
karsilar sekilde fiyatlandiriimasi yeterli degildir. Tum maliyetleri icerecek sekilde
gerceklestirilen bu fiyatlandirma eylemi “tam maliyet esasli fiyatlandirma” olarak
tanimlanmaktadir. Tam maliyet esasli fiyatlandirmada suyun maliyeti; finansal
maliyet, cevresel maliyet ve kaynak maliyetinin toplamidir.

Finansal Kaynak

Maliyet Maliyeti

Projede 6nce buyuksehirlerimizdeki mevcut tarifeler analiz edilmis olup; 22
sehirde uygulanan ortalama tarifenin, maliyeti karsilayan tarifenin altinda oldugu
anlasilmistir. Sehirlerde uygulanan ortalama tarifenin 6denebilirlik esik degerinin
tizerinde olmadigi gorilmustar.

Su tuketimini azaltmak igin iklim degisikligi etkilerinin de dikkate alindigi iki su
fiyatlandirma senaryosu olusturulmustur: “Su kayiplarinda mevcut durumun
korunmasi” ve “su kayiplarinin kademeli olarak azaltilmasi”. Bu senaryolar
kapsaminda finansal ve cevresel maliyetler ile gelecek yillarda olusabilecek su
aciginin olasi maliyeti hesaplanmis ve tim bu maliyetleri karsilayan tarifeler
bulunmustur. Kapaktaki QR kod ile bu senaryolara ulasilabilir.

Cahsilan senaryolarda, tim illerde su kayiplarinin 6nlenmesinin maliyetler
tizerinde olumlu etkisi olacagi tespit edilmistir.
Bucercevede,

* Tam maliyet esasli su tarifesi konusunda yonetmelik yayimlanmasi,

e Su-atiksu bedellerinin tam maliyet prensibine gore belirlenmesi,

¢ Su satisinda kademeli tarifeye gecilmesi, ilk kademenin temel ihtiyaglari karsilar
duizeyde ve uygun fiyatli olmasi, bu sekilde dar gelirli kesimlerin korunmasi, ancak
ikinci kademeden itibaren tarifenin mutlaka maliyeti karsilar diizeyde olmasi,

proje kapsaminda yer alan 6nerilerdendir.

. DEGERLENDIRME

Yagmur suyu ve gri suyun kullaniminin yayginlastiriimasi ile suyun dogru
fiyatlandiniimasi; hizh nifus artisi ve iklim degisikligi etkileriyle gelecekte
yasanmasi muhtemel su sikintisina karsi gelistirebilecegimiz en 6nemli su
yonetimi stratejilerimizdendir.

Yagmur suyu hasadi ve gri su sistemleri ile evsel su tiiketiminde buylk oranda su
tasarrufu saglanabilir. Suyun tam maliyet esasli fiyatlandirilmasi ise bilingli su
tiiketimini ve suyun stirdirilebilirligini tegvik eder.

Suyun sonsuz bir kaynak olmadig, Glkemizin de su zengini olmadigi bilinciyle
yagmur suyu hasadi ve gri su sistemlerinin fayda-maliyet dengesi kurularak her
alanda uygulanabilir oldugu sonucuna ulagiimigtir.

Sistemlerin getirdigi ekonomik faydalarin yani sira, kentlerin iklim degisikligine
uyumu konusunda saglayacagi ekolojik faydalarinin da hassasiyetle g6z 6niine
alinmasi gerekmektedir. Bu sistemlerin yayginlastiriimasi, su kaynaklarinin

bilingli kullaniimasina dair farkindalik olusturulmasi adina oldukga 6énem arz
etmektedir.

IRlim degisiyor,
Sen de degis,
Uyum sagla...
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ADAPTATION 10
CLIMATE CHANGE ON
WATER RESOURCES PROJECT

. AIM OF THE PROJECT

In addition to natural changes, climate change is the changes caused directly or
indirectly by human activities.

In a country like Turkey, which has a low contribution to global greenhouse gas
emissions but a high level of exposure, it is important to develop adaptation
strategies that can provide resilience against the negative impacts of climate
changein cities.

In this framework, the General Directorate of Water Management has identified
rainwater harvesting, grey water reuse and water pricing as priority climate
change adaptation measures for Turkey. The project aims to disseminate these
activities and identify the barriers to their dissemination.

The project covers 30 provinces in Turkey with metropolitan municipality
organizations.

Pilot Provinces and Regions Represented

. SCOPE OF THE PROJECT

Determination of Climate-Based Characteristics of
Metropolitan Cities

Rainwater Harvesting Benefit-Cost and Technical
Feasibility and Sustainability Analyses

@ Grey Water Use Benefit-Cost and Technical
Feasibility and Sustainability Analyses

Water Pricing Studies
Project Design Studies of Rainwater
Harvesting and Grey Water Use

D Training Activities

. RAINWATER HARVESTING

Rainwater harvesting is the collection of rainwater flowing from impermeable
surfaces such as roofs and pavements and reuse for purposes such as garden
irrigation, toilet flushing, car washing or infiltration into the soil.

With the rainwater harvesting activity, it is aimed to reduce the consumption rate
of municipal water, to use water efficiently and to develop an alternative solution
to the escalating water scarcity.

Analyses were carried out for a total of 42 areas in Adana, Istanbul, Izmir, Konya,
Mardin and Ordu, including under construction and built mass housing, public
buildings, industrial facilities, hotels, sports halls and recreation areas.
Considering the rainfall regime of the region where the area is located, the cost of
the rainwater harvesting system to be installed in that area, the benefit it will
provide and the payback period of the system were calculated. In cases where
the payback period is less than 20 years, the system is considered to be
profitable.

Rainwater Garden Laundry Toilet Recreational
irrigation flushing

The most important factors affecting payback periods in rainwater harvesting
cost-benefit analyses are rainfall, roof area and unit water price.

Precipitation Amount

In regions with high rainfall, the amount of rainwater collected and therefore the
amount of water saved is higher. It is possible to save 1.850 m* of water in an
existing building with a roof area of 2.000 m? in Ordu, which receives an average
annual rainfall of 1.246 mm, while it is possible to save 870 m* of water in a
building with the same roof area in Istanbul, which receives 643 mm of rainfall.
This situation makes the investment to be made in Ordu more profitable.

Roof Area

As the roof area enlarges, the amount of rainwater collected increases;
therefore, buildings with large roof areas such as sports halls and industrial
facilities are very suitable for rainwater harvesting systems. In Ordu, in a sports
hall with a roof area of 4,800 m?, it was observed that approximately 70% of the
flush water requirement used in toilets could be met with the rainwater that
could be collected and the payback period of the investment was 5 years.
Moreover, in the industrial facility with a roof area of 100,000 m? in Adana, it
was calculated that 85% of the flushing water requirement could be saved and
the investment could be paid backin 1 year.

Unit Price of Water

In provinces with high water tariffs or in subscriber types such as industrial plants
and hotels, the profitability of rainwater harvesting systems increases. In
Istanbul, while the payback period is 12 years in an industrial facility with an unit
water price of 22.4 TL, it is over 20 years in a public building with a similar roof
area with an unit water price of 8.33 TL. In addition, the unit price of water differs
in each city. For example, it is calculated that the payback period of the
investment is 4 years in a hotel in Antalya where the unit water price is 28.5 TL,
and 10 years in a hotel with a similar roof area in Mardin where the unit water
priceis10.8 TL.

How Precipitation Amount and Unit Water Price Affect the Payback
Period?

In a building with a 1,000 m? roof area, the payback period of the system in which
the collected rainwater is used as flushing water in toilet reservoirs varies in all
cities.

City, Annual Precipitation (mm/year)
=#- Adana, 699 mm/year
@8- istanbul, 570 mm/year

4 izmir, 583 mmiyear

=4 Konya, 320 mm/year
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Unit Water Price (TL/n'F)

Analysis of Payback Periods of Rainwater Harvesting System According to
Different Precipitation Amounts and Unit Water Price

In Ordu orin asimilar rainy province where the unit price of water is 10 TL/m?, the
system is found to be economical, whereas in Konya or in a similar rainy province,
the same profitability can only be achieved by applying a unit price of 26 TL/m?3.

. USE OF GREY WATER

Grey water is wastewater with low pollution rate and does not contain toilet
waste and can be used in toilet flushing, garden irrigation, car washing, floor
cleaning, fire extinguishing and ornamental pools after necessary treatment.
With some ready-made modular systems, the sink drain can be connected
directly to the siphon and water saving can be achieved.

In Adana, Istanbul, Izmir, Konya, Mardin, and Ordu, analyses were made for grey
water systems in a total of 30 areas including public buildings, established and
under construction buildings and hotels, and the cost, benefit and payback
period of the grey water system were found. In cases where the payback period is
less than 20 years, the system is considered to be profitable.

The most important factors affecting the payback period of grey water systems
are the amount of grey water that can be collected, investment-operating costs
varying according to provinces and unit water price.

Collectible Amount of Grey Water

As the amount of grey water leaving the building increases, the investment cost
per unit grey water amount decreases and the payback period shortens. While
the payback period is 19 years when a grey water treatment system with a daily
capacity of 10 m* isinstalled in a hotel in Adana, the payback period decreases to
9 years when a treatment system with a capacity of 20 m* is designed; the
investment cost per unit grey wateramount decreases from 112 TLto 85 TL.

Unit Price of Water

In provinces with high municipal water tariffs or in subscriber types with high
tariffs such as hotels and industry, the grey water system is even more profitable.
For example, in a hotel in Ordu where the unit water price is 25.98 TL, the
investment is profitable, while in a public building where the unit water price is
10.8 TL, the investment pays for itself in a very long time. In a hotel in Izmir where
the unit water price is 39.12 TL, the payback period of the investment is
calculated as 6 years; in a hotel in Adana where the unit water price is 19.89 TL, it
is calculated as 24 years.

=7 Investment Cost

Implementation of a grey water system in buildings under construction is less
costly than in built-up buildings as there will be no demolition. It is calculated
that the payback period of a grey water system in a hotel in use in Mardin is 35
years, and if it is implemented before the construction of the hotel starts, the
investment can be paid backin 19 years.

How does the Number of People-Storey Affect the Payback Period?

Grey water system analysis was carried out for 2, 5 and 10 storey buildingsin each
province. As the number of floor-houses increases, the amount of grey water
that can be reused increases. The economic benefit increases with the decrease
in the investment cost per unit m® of grey water and the increase in water
savings.

As the number of storeys and
people in the building increases;
although the initial investment
costincreases, the investment cost
per m3 of grey water amount
decreases and the payback period
of the investment shortens. The
payback period of the grey water
systemin a 2-storey building under

Investment cost per 1 m3 grey water
(TL/m?)

2storey - 71 persons 5 storey - 176 persons 10 storey - 352 persons
3 m¥day 10 m¥/day 20 m¥day

Investment cost per 1 m” grey water (TL/m’)  ~m-Payback Period (year)

construction is approximately 20
Benefit-Cost Balance of Grey Water Use times more than that of a 10-
in Buildings with Different Capacity ~ storey building.

. PRICING OF WATER

As water is becoming an increasingly scarce and important resource due to climate
change, it is important to price it correctly. In order for future generations to have
access to clean and reliable water resources like us, in other words, for access to
sustainable water resources, it is not sufficient to price water only to cover costs
such as treatment and institutional expenses. This pricing action, which includes all
costs, is defined as "full cost-based pricing". In full cost-based pricing, the cost of
water is the sum of financial cost, environmental cost and resource cost.

Financial [l 1 Resource [mm|
Cost

Cost

In the project, the existing tariffs in metropolitan cities were first analysed and it
was found that the average tariff applied in 22 cities was below the cost-recovery
tariff. It was observed that the average tariff applied in the cities was not above
the affordability threshold.

In order to minimise water consumption, two water pricing scenarios have been
developed, taking into account the effects of climate change: "maintaining the
current situation in water losses" and "gradual reduction of water losses". Within
the scope of these scenarios, financial and environmental costs and the possible
cost of the water deficit that may occur in the coming years have been calculated
and tariffs that meet all these costs have been found. These scenarios can be
accessed with the QR code on the cover page.

In the scenarios studied, it was determined that preventing water losses in all
provinces would have a positive impact on costs.
In this framework,

* Publication of a regulation on full cost-based water tariffs,

® Determination of water-wastewater charges according to the full cost principle,

e The introduction of a tiered tariff in water sales, the first tier should be at a level
that meets basic needs and is affordable, thus protecting low-income groups, but
from the second tier onwards, the tariff should be at a level that meets the cost,

are among the proposals within the scope of the project.

. EVALUATION

Extending the use of rainwater and grey water and pricing water correctly are
among the most important water management strategies we can develop
against the possible water shortage in the future due to rapid population growth
and climate change.

Rainwater harvesting and grey water systems can save a greatamount of water in
domestic water consumption. Full cost-based pricing of water encourages
conscious water consumption and water sustainability.

With the awareness that water is not an infinite resource and Turkiye is not a
water rich country, it has been concluded that rainwater harvesting and grey
water systems can be applied in every region by establishing a cost-benefit
balance.

In addition to the economic benefits brought by the systems, the ecological
benefits that the systems will provide for the adaptation of cities to climate

change should also be considered sensitively. The dissemination of these
systems is very important in order to raise awareness on the conscious use of

Climate is changing,
So should you,
Adapt yourself. ..
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