DERS 8: Sanayide Su Verimliligi ve lyilestirme
Uygulamalan

Lesson 8: Water Efficiency and Improvement Practices in Industry

Program: Sanayide Surdirilebilirlik, iklim Degisikligi ve Karbon Ayak izi Egitimi

Kinye Aciklama

Hedef kitle  Universite dgrencileri ile sanayi kuruluslarinda calisan teknik ve idari personel

Bu Sanayide su verimliligi: kullanim noktalarini haritalama, dlgiim, kalite eslestirme, kayip-kacak, kapali devre ve geri kazanim,
materyalin  spesifik su tuketimi, Turkiye'deki ydonetim ¢ercevesi, suyun gergek maliyeti ve yatinnm énceliklendirme
kapsami

Ornek Bu materyaldeki tim sayisal 6rnekler ve birim fiyatlar egitim varsayimidir. Gergek tesis verisi, glincel tarife ya da sektor
verisi performans degeri degildir

ilgili dersler = Ders 7 (ISO 14046 su ayak izi), Ders 9 (yasam dénglsii analizi, Gir(in karbon ayak izi ve EPD), Ders 15 (dogal gaz emisyon
hesabi)

Bilgi Eylul 2026
guncelligi

Ogrenme ciktilari

Bu materyali tamamlayan katilimci sunlari yapabilir:

e Suyun bir sanayi tesisi icin neden yalnizca cevresel degdil, ayni zamanda operasyonel bir konu oldugunu aciklar.

e Su azaltma hiyerarsisini (azalt, uygun oldugunda ikame et, yeniden kullan) dogru sirayla uygular.

e Su kullanim noktalarini miktar ve kalite olmak tzere iki katmanda haritalar.

o Alt sayag yapisi ve baz durum ile iyilestirmeyi gtvenilir bicimde dogrular.

e Her kullanim icin gereken su kalitesini belirler ve kullanim amacina uygun kaynak secer.

o Kayip-kacaklari gece debisi analiziyle bulur, onarim sonrasi etkiyi sayacla dogrular.

e Kapall devre ve geri kazanim seceneklerini sogutma, buhar ve durulama érnekleriyle degerlendirir.

e Yagmur suyu, gri su, proses atiksuyu ve aritilmis atiksuyu dogru adlandirir.

e Spesifik su tuketimini hesaplar ve toplam tuketimle spesifik tiketimi karsilastirarak yorumlar.

e Tlrkiye'deki su verimliligi yonetim cercevesini (Su Verimliligi Yonetmeligi, kurumlar, ilgili mevzuat, standartlar) tanir
ve kendi tesisi igin kapsam kontroll yapar.

e Suyun gercek maliyetini hesaplar ve iyilestirme firsatlarini geri 6deme ile birlikte teknik ve operasyonel élcltlere
gore onceliklendirir.
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Su neden bir operasyon konusudur

Su verimliligi sanayi kuruluslari icin yalnizca bir cevresel sorumluluk bashgi degildir. Bircok tesiste su sunlarin hepsidir:

e Dogrudan proses girdisi

e Sogutma araci

e Buhar Uretimi kaynagi
Temizlik unsuru
Calisanlarin gunlik ihtiyaci

Bu nedenle suyun erisilebilirliginde ya da kalitesinde bir sorun tretim surekliligini etkileyebilir. Dogru su yonetimi
pompalama, sartlandirma, i1sitma, sogutma, kimyasal kullanimi ve atiksu aritimi gibi diger maliyetlerle de iliskilidir.

Bu materyalde suyu yalnizca tesis girisindeki sayactan izlenen bir hacim olarak ele almayiz. Dort soruya yanit arariz:

Su nerede kullaniliyor?

Hangi kullanim gergekten gerekli?

Nerede kayip olusuyor?

Hangi akimlar glvenli bicimde yeniden degerlendirilebilir?

PwWwiNE

Amac tek bir teknoloji 6nermek degildir. Amag, bir sanayi kurulusunun su verimliligi firsatlarini sistematik bicimde nasil
bulacagini ve 6nceliklendirecegini 6grenmektir.



Su stresinin arttigi ya da arzin mevsimsel degistigi bolgelerde bu bakis isletme dayanikhlidi icin daha da énemlidir. Bir
tesis bugiin suya erisebiliyor olabilir. Uretim artisi, yeni kullanicilar, kurak dénemler veya kalite sorunlari ayni kaynagi
gelecekte daha kirilgan hale getirebilir. Su verimliligi bu ylzden buglnki faturayi azaltmanin yaninda gelecekteki Gretim
riskini de azaltan bir hazirlik aracidir.

Su verimliliginin tanimi Turkiye'de Su Verimliligi Yonetmeligi'nde de yer alir: bir Griinlin veya hizmetin Uretiminde en az
miktarda su kullanimi ya da ayni miktarda su ile daha fazla tGrun Uretilmesi.

2. Su azaltma hiyerarsisi: azalt, ikame et, yeniden kullan

iyi bir programda ¢éziimlerin sirasi dnemlidir. Yararli karar hiyerarsisi tic basamaklidir. ISO 46001 su verimliligi yénetim
sistemi standardi da yaklasimini ayni t¢ kavramla (azaltma, ikame etme, yeniden kullanma) gergeveler.

ELETE]S Temel soru Ornek

1. Azalt Bu su kullanimina gergekten ihtiyag var mi? Kacak giderme, temizlik yéntemini degistirme, proses kontrolini
Mevcut kullanim azaltilabilir mi? iyilestirme

2. ikame et Kullanimin gerektirdigi kaliteye daha uygun bir  icme suyu kalitesi gerekmeyen iste mevzuata ve kalite élciitlerine

(uygun kaynak var mi? uygun geri kazanilmis su veya yagmur suyu

oldugunda)

3. Yeniden kullan Su sistem iginde tekrar kullanilabilir ya da geri Kondensat donlsl, kademeli durulama, aritma sonrasi geri kazanim
kazanilabilir mi?

Siralamanin pratik degeri yanhs yatirim riskini azaltmasidir:

e Gereksiz bir kullanim proses degisikligiyle ortadan kalkabiliyorken 6dnce pahali bir aritma sistemi kurmak ekonomik
olmayabilir.
e YUksek kaliteli geri kazanilmis su Uretip bunu disuk kalite gerektiren bir iste kullanmak kaynak israfidir.

Bu nedenle teknoloji secimi ¢6zim sirecinin baslangici dedil, ihtiyacin ve kalite geregdinin tanimlanmasindan sonraki
asamadir.

Dikkat: Hiyerarsi bir zorunluluk sirasi degil, karar sirasidir. Bir tesiste (ic basamak ayni anda ilerleyebilir. Ancak her
yeni yatirim icin 6nce ilk basamadin tiketilip tiketilmedigi sorulur.

3. Su kullanim noktalarini haritalamak

Su verimliligi cahismasi kullanim noktalarini haritalamakla baslar.

Grup Tipik kullanicilar

Dogrudan proses suyu Yikama, durulama, karisim, trtin formulasyonu, Uretim hattindaki diger islemler
Yardimci isletmeler Sogutma kuleleri, kazan besi suyu, buhar sistemleri, 1si degistiriciler

Temizlik ve hijyen CIP sistemleri, zemin yilkama, arag yitkama

Diger Laboratuvar, personel alanlari (dus, tuvalet, mutfak)

Haritalamada yalnizca her noktaya kag metrekip gittigine bakilmaz. Bu kullanim igin hangi su kalitesinin gercekten
gerekli oldugu da sorulur. Batin kullanim noktalari ayni kalitede suya ihtiyag duymaz. Bu ylzden su kullanim haritasi iki
katmanhdir:

o Miktar katmani: Toplam tiketim hangi proseslerde yogunlasiyor?
o Kalite katmani: Hangi kullanimlar daha dusuk kaliteli ama uygun bir alternatif kaynakla karsilanabilir?

Haritalama sirasinda her kullanim noktasinin sahibi de belirlenir. Sogutma suyu yardimci isletmelerin, proses yikamalari
Uretim ekibinin, temizlik suyu hijyen veya operasyon ekibinin sorumlulugunda olabilir. Miktari, kalite geredi ve operasyon
sorumlusu belli olan her ana kullanim noktasinda iyilestirme 6nerilerinin uygulanmasi ve izlenmesi kolaylasir. Boylece su
verisi yalnizca ¢evre biriminin tuttugu bir tablo olmaktan cikar.

4. Temizlik ve evsel kullanim: dusuk maliyetli firsatlar



Bazi tesislerde en hizli kazanimlar blylk yatirimlardan degil, temizlik ve ginlik kullanim aliskanliklarindan gelir. Fark
edilmeden surekli su tiketen tipik durumlar:

e Surekli acik birakilan hortumlar

o Gereksiz yuksek debi

e Standartlastirnimamis yikama sureleri
e Arizali rezervuarlar

e Uygunsuz temizlik siralamasi

Co6zim personele yalnizca daha az su kullanin demek degildir. Asadidaki 6nlemler davranis degisikligiyle birlikte
disanalur:

e Dogru nozullar

e Basinc¢ kontrollu sistemler

e Kuru veya mekanik 6n temizlik

e Uygun otomasyon (6rnegdin fotoselli armattrler)
e Diuzenli bakim

Suyu kirliligi tasimak icin gereksiz kullanmayin. Once kuru siiplirme, kazima, vakumlama veya mekanik 6n
temizlikle kati ylk azaltilirsa sonraki islak temizligin su ihtiyaci da diser. Bu yaklasim atiksudaki kirletici yiki de
etkileyebilir. Temizlik optimizasyonu bu nedenle yalnizca debiyi kismak degil, temizlik sirasini ve yéntemini yeniden
tasarlamaktir.

Dikkat: Temizlik kalitesi, hijyen ve is glvenligi hicbir zaman su azaltimina feda edilmez. Hedef, gerekli kaliteyi
koruyarak yontemi iyilestirmektir. DUsuk maliyetli 6nlemler daha blyUk geri kazanim yatirnmlarindan 6nce incelenir.

5. Olciim, alt sayaclar ve dogru baz durum

Olclilmeyen suyu yénetmek zordur. Tesis girisindeki ana sayac toplam cekimi gdsterir ama suyun hangi proseste
kullanildigini ve nerede kayip olustugunu agiklamaz. Bu nedenle alt sayaglandirma su verimliliginin temel araglarindan
biridir. Ana prosesler, sogutma, kazan dairesi, aritma, temizlik ve diger blyUk kullanim noktalari ayri izlenince
anormallikler gériinir olur. Ornegin tretim yokken gece devam eden yiiksek debi kacak ya da gereksiz siirekli akis isareti
olabilir.

5.1 Sayac¢ kapsami ve su dengesi

Asagidaki egitim 6rneginde bir ayin ana sayac ve alt sayac verisi karsilastirilir.

Kalem Deger (m3/ay)

Ana sayac (toplam ¢ekim) 10.000

Sogutma sistemi alt sayaci 2.900

Kazan dairesi alt sayaci 1.800

Proses yikama alt sayaci 3.100

Temizlik alt sayaci 900

Alt sayaglarin toplami 8.700

Agiklanamayan fark 10.000 — 8.700 = 1.300

Sayac kapsama orani = 8.700 + 10.000
Aciklanamayan pay = 1.300 + 10.000 =
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Aciklanamayan pay saya¢ hatasindan, 6lciimeyen kullanimdan ya da kacaktan gelebilir. Bu fark izlenir ve zamanla
kdgultalar.

5.2 Baz durum

iyilestirme éncesi ve sonrasi toplam suyu karsilastirmak her zaman yeterli degildir. Uretim miktar, riin karmasi, calisma
saati veya mevsim degdismis olabilir. Bu nedenle toplam tlketimin yaninda ton riin basina su gibi normalize gostergeler
izlenir. lyi bir baz durum yalnizca gecen ay kac metrekiip kullandigimizi degil, bu tiiketimin hangi iretim ve isletme
kosullarinda gergeklestigini de yanitlar.



5.3 Sayac¢ secimi ve veri kalitesi

e Cok kugUk debileri goremeyen sayac kacak takibinde yetersiz kalir.

e Yanlis yerlestirilen sayacg proses performansini aciklamaz.

¢ Olcuim plani hazirlanirken hangi kararin hangi veriye dayanacagi sorulur.

e Sayaclar periyodik olarak kontrol edilir, veri kaybi izlenir ve dlgimler Gretim kayitlariyla zaman agisindan eslestirilir.

iyi veri altyapisi su verimliligi yatinminin kendisinden énce gelen temel kapasitedir.

6. Proses bazli izleme ve kullanim amacina uygun su kalitesi

Proses bazli izleme suyu miktar ve kalite birlikte ele alir. Her ana akim icin suyun nereden geldigi, proseste ne oldugu,
hangi kalitede ciktigi ve yeniden kullanim potansiyeli degerlendirilir.

Ana ilke kullanim amacina uygunluktur (ingilizcede fit-for-purpose): her kullanim icin gereken kaliteyi belirle ve o
kaliteyi karsilayan en uygun kaynagdi kullan.

Kullanim Gereken kalite diizeyi (6rnek)

Uriinle dogrudan temas eden kritik proses Yuksek

Kazan besi suyu Yiksek, sartlandiriimis

Sogutma kulesi makyaj suyu Orta, sertlik ve iletkenlik kontrollt
Zemin yikama, arac yikama DusUk

Tabloda duzeyler yonlendiricidir. Gercek kalite kriterleri proses, trlin ve mevzuata goére belirlenir.

Kademeli geri kullanim basit bir 6rnektir: son durulama suyu daha kirli bir énceki yikama kademesinde kullanilir. Ancak
kalite eslestirmesi yapilmadan yalnizca su tasarrufu icin akimlari birbirine baglamak dogru degildir. Uriin kalitesi, hijyen,
korozyon, birikim, proses givenilirligi ve mevzuat kosullari birlikte degerlendirilir. Su akis semasi bu ylzden yalnizca
hacimlerin degil, kalite gerekliliklerinin de haritasidir.

Kaynakta ayirma. DUsuk kirlenmis akimlar yUksek kirlenmis akimlardan ayrn tutulabiliyorsa geri kullanim daha kolay
olur ve daha az aritma gerekir. Suyun prosesten ¢iktiktan sonra tek bir atiksu havuzunda kaybedilmemesi gerekir. Temiz
akimi ne kadar erken ayirirsak yeniden kullanim secenekleri o kadar esnek olur. Bazi tesislerde kaynakta ayirma, geri
kazanim teknolojisinden dnce disunuUlmesi gereken tasarim kararidir.

7. Kayip-kacak ve gereksiz surekli akislar

Kayip-kacak yonetimi cogu tesiste en hizli ve en disik maliyetli iyilestirme alanlarindan biridir. Zaman icinde 6nemli
hacim olusturan tipik kaynaklar:

e Damlayan vanalar

e Arizali samandiralar

e Tasan depolar

e Acik unutulan baypas hatlari

e Yer alti boru kagaklari

o Uretim disinda devam eden siirekli akislar

Bulma yontemleri birlikte kullanilir: saha turu, gece debisi analizi, basing takibi, bakim kayitlari ve operatoér bildirimleri.
7.1 Gece debisi analizi: sayisal ornek

Uretimin durdugu gece saatlerinde ana sayactan en disiik debi élclliir. Bu degerden mesru siirekli kullanim cikarilir,
kalan fark kacak gostergesidir.

Adim Deger Birim islem

Olciilen en disiik gece debisi 3,2 m3/h Sayag verisi

Mesru sUrekli kullanim 0,4 m3/h Bilinen kullanimlar (6rnegin surekli ¢calisan bir sogutma devresi)
Tahmini kacak 2,8 m3/h 32-04

Onarim sonrasi en disuk gece debisi 0,5 m3/h Sayag verisi

Dogrulanmis azalma 2,7 m3/h 3,2-0,5



Yilhk su kazanci 23.652  md/yill 2,7 m3/h x 8.760 h/yil
2,7 m3/h x 8.760 h/y1il = 23.652 m3/y1l

Kacagin surekli aktigi ve debisinin sabit oldugu varsayilmistir. Gercek sistemlerde basing degistikce kacak debisi de
degisir.

Asil 6nemli nokta dogrulamadir. Kacagin onarildigini gérmek teknik olarak yeterli degildir. ilgili alanin tiiketim
profilinin sayag verisinde gercekten distigu izlenir. Boylece bakim faaliyeti dlgllebilir bir su performansi sonucuna
bagdlanir. Kayip-kacak yonetimi ayrica calisanlarin kiiciik anormallikleri bildirdigi bir isletme kaltlrl gerektirir.

7.2 Kacagin parasal etkisi

Kacagin maliyeti yalnizca kaybolan suyun bedeli degildir:

e Kacak sicak su ya da sartlandiriimis proses suyuysa onunla birlikte enerji ve kimyasal da kaybolur.
e Basincli hatta kagak varsa pompalar gereksiz calisir ve ek enerji tuketir.

Bakim ekiplerine su kaybini yalnizca cevresel gdsterge olarak degil, toplam proses kaybi olarak géstermek davranisi
guglendirir. Bu maliyetlerin hesabi 12. bélimdedir.

8. Kapali devre, geri kazanim ve uc¢ sanayi ornegi

Kapali devre, suyun ayni sistem icinde tekrar dolastiriimasidir. Bu, sistemin hic¢ taze suya ihtiya¢c duymadigi
anlamina gelmez. Buharlasma, blof, kalite bozulmasi, sizinti veya birikim nedeniyle ilave su gerekir. Asagidaki ¢ 6rnek
yaygindir.

8.1 Ornek 1: Sogutma sistemleri

Acik ve kontrolsiiz su kullanimi yerine devir daim, uygun izleme ve bléf yonetimi degerlendirilir. BI6f akiminin kalitesi
uygunsa uygun aritma sonrasi baska bir kullanim icin geri kazanim incelenebilir.

Bir sogutma kulesinde makyaj suyu buharlasma ve blof toplamidir (stiriiklenme kaybi ihmal edilmistir):

Bl6f (B) = E + (C - 1)
Makyaj suyu (M) = E + B
E: buharlasma kaybi (m3/giin), C: deristirme devri (boyutsuz)

Egitim verisi: E = 120 m3/gin.

Deristirme devri (C) Blof (m3/guin) Makyaj suyu (m3/giin)
3 120 + (3 -1) =60 120 + 60 = 180

5 120 + (5 -1) =30 120 + 30 = 150

Fark 30 30

Devri 3'ten 5'e ¢cikarmak gtinde 30 m3 makyaj suyu ve ayni hacimde desarj suyu azaltir. Yilda 330 gun calisan bir kulede
bu 9.900 m3/yildir. Devir sinirsiz artirllamaz. Sertlik, korozyon ve kireglenme riski ile aritma programi siniri belirler. Makyaj
suyu buharlasma kaybindan (E) hicbir zaman klgcutk olamaz, yani kapali devre sifir taze su demek degildir.

8.2 Ornek 2: Buhar sistemi ve kondensat déniisi

Proses sonrasi olusan sicak kondensatin uygun kosullarda sisteme geri dondlrilmesi yalnizca suyu degil, kondensatin
tasidigi 1siy1 da degerlendirir.

Egitim verisi: Buhar Gretimi 5 t/h, yilda 6.000 saat. Kondensat donls orani %40'tan %70'e ¢ikariliyor. Kondensat 90 °C,
ilave (makyaj) su 15 °C. Kazan verimi %90, yakit dogal gaz. 1 t kondensat yaklasik 1 m3 kabul edilmistir.

Adim islem Sonug
Azalan makyaj suyu 5 t/h x (0,70 — 0,40) x 6.000 h/yil 9.000 m3/yil
Ozgiil 1si fark 4,186 kJ/(kg-K) x (90 — 15) K 313,95 kj/kg
Isi igerigi farki 313,95 kj/kg x 1.000 kg/m? + 3.600 kJ/kWh 87,21 kWh/m?

Yillik yakit tasarrufu 9.000 m3/yil x 87,21 kWh/m?3 + 0,90 yaklasik 872.083 kWh/yil



Bu 6rnekte isi kazanci su kazancindan daha degerlidir (12. bolime bakin). Ders 15'teki yontemle karbon etkisi de gortlir:

872.083,3 kWwh x 3,6 MJ/kWh = 3.139.500 MJ = 3,1395 TJ
3,1395 TJ x 56.100 kg C02/TJ = 176.125,95 kg CO2> = 176,13 tCO:

Yalnizca CO2 hesaplanmistir. CHa ve N20 pay kiguktir ve burada ihmal edilmistir. Flas buhar, hat kayiplari ve kondensat
kalitesi gibi etkiler basitlestirme nedeniyle disarida birakilmistir.

8.3 Ornek 3: Yikama ve durulama

En temiz son durulama suyunun bir 6nceki yikama kademesinde kullaniimasi taze su ihtiyacini azaltir. Kademeli ters akish
durulama ile gereken su miktari kabaca sdyle hesaplanir.

Model: Uriinle her kademeye q kadar kirli sivi (tasinan c¢ozelti) gecer. Son kademede kirletici derisimin 1000 kat diismesi
istenir (seyreltme orani D = 1000). Kademeler ideal karisimli, g sabittir. Gereken durulama suyu Q = r x q olmak Uzere n
kademeicinD = 1 + r + r2 + ... + r» bagintisi gecerlidir.

Egitim verisi: g = 0,05 m3/h.

Kademe sayisi (n) : Gereken taze su Q (m3/h) Tek kademeye gore azalma
1 999,0 49,95 Referans

2 31,11 1,56 %96,9

3 9,64 0,48 %99,0

Daha yuksek kalite gerektiginde filtrasyon, membran, iyon degisimi veya proses 6zel aritma ¢dzimleri degerlendirilebilir.
8.4 Geri kazanim projesi nasil secilir

Geri kazanim projesi yalnizca ka¢ metreklp su kazanirim sorusuyla secilmez. Sunlar da karara dahildir:

e Ek eneriji ihtiyaci

e Kimyasal tUketimi

e Konsantre veya ¢amur olusumu
e Bakim yuku

e Urin kalitesi

o isletme glvenilirligi

En iyi ¢6zUm toplam kaynak kullanimini ve operasyonel riski birlikte iyilestiren ¢6zimddr.

En iyi geri kullanim firsati gogu zaman suyun ¢iktigi noktaya yakin olan ve benzer kalite gerektiren kullanimdir. Akimi
uzun mesafe tasimak, cok ileri aritmak veya blyUk depolama yapmak gerekmiyorsa sistem daha basit olur. Prosesin
hassas oldugu durumlarda klictk kalite dalgalanmalari bile Griin veya ekipman riski yaratabilir. Pilot uygulama, kalite
izleme ve kademeli devreye alma bu yuzden énemli glvenlik adimlaridir.

Dikkat: Uc 6rnegin ortak dersi. Sogutmada makyaj suyu sifira inmez, kondensatta asil kazang cogu zaman isidir,
durulamada kademe sayisi etkiyi bliylk 6lctide degistirir. Modeller yon gosterir, gercek degerler tesis 6lclimuyle
dogrulanir.

9. Yagmur suyu, gri su ve aritilmis atiksuyu dogru adlandirmak

Alternatif su kaynaklarinda terminoloji dnemlidir. Dogru adlandirma dogru kalite kriterini ve dogru kullanim senaryosunu
secmeye yardimci olur.

Kavram Tanim Sanayide dikkat

Yagmur suyu Gegirimsiz ylzeylerden toplanan yagisin depolanarak uygun Kalite, depolama kapasitesi, yagis rejimi ve

hasadi kullanimlarda degerlendirilmesi mevzuat kosullar kullanim alanini belirler

Gri su Evsel atiksuyun siyah suyu (klozet) icermeyen, daha az kirlenmis kismi Uygun aritma sonrasi belirli kullanimlarda
(dus, lavabo, kivet, mutfak, camasir ve bulasik makinesi) degerlendirilebilir

Proses Uretim proseslerinden cikan atiksu Gri su diye adlandiriimaz



atiksuyu

Antilmis atiksu  Uygun aritma sonrasi yeniden kullanima uygun hale getirilmis atiksu Kalite kriteri kullanim amacina goére belirlenir
Geri Proses akimindan aritilarak geri kazanilan su Kaynak akimi ve kalitesi ile tanimlanir
kazanilmis

proses suyu

Gri su, su ayak izindeki gri su gostergesi degildir. Su ayak izi yaklasiminda gri su ayak izi, kirleticiyi seyreltmek icin
gereken su hacmini ifade eder (ISO 14046, Ders 7). Bu materyalde gri su, yukaridaki evsel kavrami anlatir. Su Kirliligi
Kontroll Yonetmeligi'nin 2022 degisikliginde de gri su, klozet disi evsel atiksu olarak tanimlanmistir.

Endustriyel proseslerden gelen akimlari genel olarak gri su diye adlandirmak dogru degildir. Bir tekstil durulama akimiyla
personel dusundan gelen gri su ayni kavram degildir.

Su Verimliligi Yonetmeligi geleneksel olmayan su kaynaklari kavramini atik sular, yagmur suyu, gri su, aci su ve deniz
suyunu kapsayacak bicimde tanimlar. Tarim ve Orman Bakanligi Su Yonetimi Genel MadurlGgid'nan Ekim 2024 tarihli
bilgilendirmesinde de gri su, artiimis atiksu ve yagmur suyu kavramlari bu ayrimla aciklanir.

Sureklilik ve eszamanlilik. Bir su kaynaginin teorik olarak mevcut olmasi her an kullanilabilir oldugu anlamina gelmez:

e Yagisin mevsimselligi Gretimin su talebiyle ayni déneme denk gelmeyebilir.
e Geri kazanilmis suyun kullanim noktasi sirekli degilse dengeleme tanki gerekebilir.
e Depolama siresi boyunca kalite degisebilir.

Alternatif kaynaklari degerlendirirken miktar kadar sireklilik ve eszamanlilik da 6nemlidir.

10. Spesifik su tuketimi, KPI ve iyilestirmenin dogrulanmasi
Toplam su tiketimi 6nemli bir gdstergedir ama Uretim degisiyorsa performansi tek basina aciklamaz. Bu nedenle spesifik
su tiiketimi kullanilir. Sektére gore ton Urlin basina metrekdp, birim Urin basina litre veya proses saati basina su gibi

gostergeler secilir. Amacg, ayni Gretim kosullarini mimkln oldugunca karsilastirilabilir hale getirmektir.

Spesifik su tiiketimi (m3/t) = Toplam su tiketimi (m3) + Uretim (t)

10.1 Sayisal ornek: toplam ve spesifik tiuketim

Egitim verisi: baz yil 40.000 t Gretim ve 120.000 m?3 su.

Uretim (t) Su (m3) Toplam su degisimi Spesifik tiiketim (m3/t) Spesifik degisim
Baz yil 40.000 120.000 3,000
A: Uretim dUstU 32.000 108.000 %10,0 azalma 3,375 %12,5 artis
B: Gretim yUkseldi 48.000 120.000 Degisim yok 2,500 %16,7 azalma

Durum A'da toplam tiketim ylUzde 10 dismus gorinur. Oysa Uretim ytzde 20 dismustir ve verimlilik kotulesmistir.
Durum B'de toplam tiketim sabit kalmis ama Uretim yUzde 20 artmistir ve verimlilik belirgin iyilesmistir.

10.2 Dogrulama dongisi
iyilestirmeyi dogrulamak icin basit bir déngii kurulur:

Baz durumu belirle.

Mudahaleyi uygula.

Sonucu 6lc.

Uretim ve isletme kosullarindaki degisiklikleri dikkate al.
Performansi dogrula.

uswNR

10.3 Tamamlayici gostergeler

Tek bir KPI yerine tamamlayici gostergeler kullanilabilir:

e Yeniden kullanim orani

e Sayag kapsama orani

e Ana proseslerin spesifik tuketimi
Kacgak olaylarinin kapanma suresi



e Geri kazanilan su miktar

iyi KPI dlculebilir, sorumlusu belli ve karar almaya yarayan gostergedir. Asiri sayida KPI de yararli degildir. Yénetimin karar
verecegi birkac ana gosterge ile teknik ekiplerin izleyecegi ayrintili gdstergeler ayrilir. Ornegin list yénetim toplam ve
spesifik su tiketimini izlerken yardimci isletmeler sogutma kulesi makyaj suyunu veya kazan sistemi kondensat donts
oranini takip eder.

11. Turkiye'de su verimliligi yonetim cercevesi
Turkiye'de su verimliligi artik yalnizca gonulld bir iyi uygulama basligr degildir. Bu bolimde gergeve bes baslikta 6zetlenir.
Amag mevzuat ayrintilarini ezberlemek degil, su kullanimini dlcen, hedefleyen ve siirekli iyilestiren bir sistemin Tirkiye'de

acik bir yonetim gercevesine sahip oldugunu bilmektir.

11.1 Su Verimliligi Yonetmeligi

Bashk icerik

Kinye Su Verimliligi Yénetmeligi, Tarim ve Orman Bakanhgi, Resmi Gazete 27 Aralik 2024, say1 32765. Yayimi tarihinde yarirlige
girmistir
Kapsam Su verimliligi sisteminin kurulmasi, izlenmesi ve belgelendirilmesi ile il planlarinin hazirlanmasi. Kentsel, endistriyel ve

tarimsal faaliyetleri kapsar

Belge Mavi (sistem kuran tim yukimlilere), Yesil (belirlenen ylUkimlulere belirli stre igcinde zorunlu), Turkuaz (génulld)
dizeyleri
Sanayi Yonetmeligin ekinde tanimli NACE kodlarinda faaliyet gosteren ve galisan sayisi 49'un lzerinde (yani 50 ve (zeri) olan

yukimlaluga = isletmeler sistem kurma ve belge basvurusu yUkimlistudir. Daha az galisani olan isletmeler gonulli basvurabilir

Yesil belge Ek-2'deki NACE kodlu endustriyel faaliyetler icin sistem kurulduktan sonra en fazla bes yil. Organize sanayi bdlgeleri ve

suresi serbest bolgeler de yesil belge yukimluliga kapsamindadir
Basvuru Bakanligin ¢evrim igi sistemi Gzerinden yapilir
Rehberler Endustriyel, kentsel ve tarimsal su verimliligi sistem kurulumu ve belgelendirme kilavuzlari 12 Ocak 2026'da Bakanhk

tarafindan duyurulmustur. Sektorel su verimliligi rehber dokiimanlari serisi de yayimlanmaktadir

Yonetmelik kapsamindaki sistem kurma siireci dért asamalidir: personel gorevlendirme, plan hazirlama, egitim ve
uygulama-izleme-raporlama. Bes yillik uygulama takvimini iceren plan Bakanlik onayina sunulur.

Dikkat: Kapsam kontrolu tekrarlanir. Mevzuat ve belge cercevesi zamanla gincellenebilir. Kurulus kendi NACE
kodunu, calisan sayisini ve giincel kilavuzu kontrol eder. NACE siniflamasi, tesis yapisi veya calisan sayisi degistiginde
yUkUmlUlik yeniden degerlendirilir. Sistem kurma siresi gibi takvim bilgileri icin glincel Ek-1 ve kilavuz resmi
kaynaktan (suverimliligi.gov.tr) dogrulanmalidir.

Belge tek basina sonug olmamalidir. Asil deger, sistem kapsaminda olusturulan 6lgiim, hedef, eylem plani ve izleme
disiplininin gercek su performansini iyilestirmesidir. Belgelendirme bu yonetim yaklasiminin kurumsallasmasina yardimci
olan araclardan biridir.

11.2 Kurumlar ve ilgili mevzuat haritasi

Konu Kurum veya belge Not
Su verimliligi Tarim ve Orman Bakanlidi, Su Yonetimi Yoénetmelik, kilavuzlar ve suverimliligi.gov.tr portali
politikasi ve Genel MUdurlagu

belgelendirme

Ulusal yol haritasi = Degisen Iklime Uyum Cercevesinde Su Cumhurbaskanligi Genelgesi ile duyurulmustur (Resmi Gazete 4 Mayis
Verimliligi Strateji Belgesi ve Eylem Plani 2023)
(2023-2033)

Su kaynaklarinin Devlet Su isleri (DSI) Genel MidurlGgi Tarim ve Orman Bakanligi'na bagh kurulustur. Sanayi igin ylzey ve yeralti

gelistiriimesi ve suyu temini ve belgeleri bu alandadir

tahsisi

Atiksu desarj Su Kirliligi Kontrolli Yénetmeligi (Resmi Cevre, Sehircilik ve iklim Degisikligi Bakanhgi. 17 Aralik 2022 degisikligi
Gazete 31 Aralik 2004, sayi 25687) geri kullanim ve gri su tanimini getirmistir. 23 Ekim 2025'te yeniden

degistirilmistir

Kentsel atiksu Kentsel Atiksu Aritimi Yénetmeligi (Resmi Kentsel aritma yukumlulikleri. Sanayi kentsel sebekeye desarj ediyorsa



Gazete 8 Ocak 2006, sayi 26047) ilgili idare sartlar da gecerlidir

Organize sanayi Organize Sanayi Bélgeleri Kanunu (4562) OSB'ler su verimliligi yonetmeliginde yesil belge yukimltstdur. Atiksu ve

bolgeleri ve OSB uygulama ydnetmeligi desarj kosullari OSB ydnetimince de duzenlenir

Yagmur suyu ve imar ve yapi mevzuati ile su kirliligi Yagmur suyu toplama hiukimleri imar mevzuatinda yer alabilir. Glincel

gri su mevzuati metin tesis icin ayrica kontrol edilmelidir

Sanayide en iyi Mevcut En lyi Teknikler Tebligleri (Resmi Cevre, Sehircilik ve iklim Degisikligi Bakanligi. Kimya, enerji, metal,

teknikler Gazete 30 Kasim 2025, sayi 33093) mineral, atik ve diger Uretim faaliyetleri gibi sektorler igin yayimlanmistir

iklim iklim Kanunu (7552, Resmi Gazete 9 Emisyon ticaret sistemi ve uyum planlamasini dizenler. Su, uyum
Temmuz 2025, sayi 32951) planlamasinda ele alinan risk alanlarindan biridir

Dikkat: iki bakanhgin roli farkhidir. Su verimliligi sistemi ve belgelendirme Tarim ve Orman Bakanli§i'nin
alanindadir. Atiksu desarji, aritma ve en iyi teknikler Cevre, Sehircilik ve iklim Degisikligi Bakanligi'nin alanindadir. Bir
tesis cogu zaman ikisine de tabidir.

11.3 Standartlar ve en iyi teknikler (BAT)

ISO 46001. /SO 46001:2019 Water efficiency management systems, Requirements with guidance for use su verimliligi
yonetim sistemi standardidir. Gonullidir, azaltma, ikame etme ve yeniden kullanma yaklasimina dayanir ve her dlcekte
kurulus icin gegerlidir. Standart 2024'te Amd 1:2024 Climate action changes degisikligi ile glincellenmistir. Standardin
ikinci edisyonu ISO/TC 224 blinyesinde gelistirme asamasindadir ve yayimlanana kadar 2019 stGrimu (Amd 1:2024 ile)
gecerlidir.

AB BAT sonuclari ve BREF belgeleri. Avrupa Birligi Sanayi Emisyonlari Direktifi (2010/75/EU) kapsaminda sektérel BAT
sonuglari yayimlanir. Su verimlili§i agisindan 6rnekler:

Su ile ilgili icerik

Food, Drink and Milk Industries BAT Su tuketimini azaltma teknikleri, kuru temizlik, su akimlarinin ayrilmasi, geri kullanim
sonuclari, (AB) 2019/2031

Textiles Industry BAT sonuglari, (AB) Su ydnetim plani, su akimlarinin ayrilmasi, yeniden kullanim ve geri déntusum. Sureg bazli

2022/2508 gosterge su tiketimi araliklari igerir (6rnegin siirekli boyamada 2 ile 16 m3/t, kesikli kumas
boyamada 10 ile 150 m3/t)

Common Waste Water and Waste Gas Kimya sektoriinde atiksu yonetimi ve aritma

Treatment in the Chemical Sector, (AB)

2016/902

Industrial Cooling Systems BREF (2001) = Sogutma sistemlerinde su ve enerji tiketimi

Bu degerler Tlrkiye'de otomatik olarak baglayici degildir. Kendi sektoriinlz icin hedef belirlerken kiyas olarak kullanilir.
Turkiye'nin yerli Mevcut En lyi Teknikler Tebligleri de 2025'te yayimlanmistir (bir énceki tablo).

11.4 Giincel durum (Eylil 2026)

e Su Verimlili§i Yonetmeligi yUrUrliktedir. Belgelendirme kilavuzlari Ocak 2026'da yayimlanmistir.

e |SO 46001 ikinci edisyonu henliz yayimlanmamistir. Gelismeler ISO sayfasindan izlenir.

e Kilavuz ve Ek listeleri gtincellenebilir. YakimlUlik karari vermeden 6nce Bakanlik portalindaki gincel metin esas
alinir.

12. Suyun gercek maliyeti ve yatirnm onceliklendirme

Sik yapilan hata, kazanci yalnizca satin alinan ya da c¢ekilen suyun birim fiyatiyla hesaplamaktir. Tesis agisindan suyun
gercek maliyeti daha genistir:

e Pompalama

e Sartlandirma ve filtrasyon

e Isitma veya sogutma

e Kimyasal kullanimi

e Proses icinde tasima

e Atiksu aritimi, desarj ve camur yonetimi

Bir metrekip suyu kullanmamak yalnizca su bedelini degil, suya bagli enerji ve aritma maliyetlerini de énler.



12.1 Gercek su maliyeti: sayisal 6rnek

Asagdidaki birim fiyatlar egitim varsayimidir, giincel tarife degildir.

Kalem Hesap TL/m3
Su temini (birim fiyat) Varsayim 30,00
Pompalama 0,50 kWh/m3 x 3,50 TL/kWh 1,75
Sartlandirma ve filtrasyon | Varsayim 4,00
Atiksu desarji ve aritma Varsayim 18,00
Toplam (soguk 53,75
kullanim)
Isitma (25 K) 4,186 kJ/(kg'K) x 1.000 kg x 25 K + 3.600 = 29,07 kWh. 29,07 + 0,90 = 32,30 kWh yakit. 32,30 x 58,14
1,80 TL/kWh
Toplam (isitilan 53,75 + 58,14 111,89
kullanim)

Yalnizca birim fiyata bakan hesap metreklp basina 30,00 TL gorur. Soguk kullanimda gercek maliyet bunun 1,79 kati,
isitilan kullanimda 3,73 katidir.

12.2 Yatirnnm onceliklendirme: sayisal 6rnek

iyilestirme firsatlar doért gruba ayrilir:

1. DusUk maliyetli 6nlemler: davranis, bakim, kagak azaltimi
2. Proses optimizasyonu ve kontrol iyilestirmeleri

3. Ekipman degisiklikleri ve kapali devre uygulamalari

4. Aritma ve geri kazanim yatinmlari

Her segenek teknik uygunluk, trin kalitesi, is glivenligi, mevzuat, ilk yatinm, isletme gideri, su ve enerji kazanci, bakim
yUki ve operasyonel risk agisindan degerlendirilir. Boylece en pahali teknoloji dedil, sorunun bulundugu noktaya en
uygun ¢6zum segcilir.

Asagidaki tablo bu bolimdeki egitim 6rneklerini kullanir. Basit geri 6deme = yatirim + yillik net kazanc.

Yatirnm Yillik su Yilhk net kazang, E’ierl Yilik net kazang,

Firsat (TL) kazanci alnizca birim fiyat (TL) °9c™Me ercek maliyet (TL)
iy Y Y (y 9 Y

Kagak onarimi (b6lim 7) 1 150.000 23.652 709.560 0,21 1.271.295 0,12
Nozul ve hortum 1 40.000 6.000 180.000 0,22 322.500 0,12
dizenlemesi
Sogutma kulesi devri 2 180.000 9.900 297.000 0,61 532.125 0,34
3'ten 5'e (b6lim 8.1)
Kondensat dénusu 3 600.000 9.000 270.000 2,22 1.891.500 0,32
(bolim 8.2)
Aritma ve geri kazanim 4 2.400.000 30.000 714.000 3,36 1.426.500 1,68

Hesap notlari:

e Kacak, nozul ve sogutma kulesi icin gercek maliyet 53,75 TL/m3 alinmistir (desarj azalmasi dabhil).

¢ Kondensat donusunde desarj azalmaz. Su tarafi 35,75 TL/m3 (53,75 — 18,00) ve 9.000 m3 icin 321.750 TL, yakit
tarafi 872.083 kWh x 1,80 TL/kWh = 1.569.750 TL, toplam 1.891.500 TL alinmistir. Yalnizca birim fiyat
goriniminde 9.000 x 30 = 270.000 TL.

e Geri kazanim tesisinin ek isletme gideri 6,20 TL/m3 kabul edilmistir (1,2 kWh/m3 x 3,50 TL/kWh + 2,00 TL/m3
kimyasal). Net kazancgtan distlmustir.

e Basit geri 6deme paranin zaman degerini, bakim giderlerini ve fiyat degisimini icermez.

Sonuglar:

e Kondensat donusunun geri 6demesi yalnizca birim fiyatla 2,22 yil gérinurken gercek maliyetle 0,32 yila duser. Isi
kazanci su kazancindan bUyuktar.



e Geri kazanim tesisi gergcek maliyetle bile en uzun geri 6demeli projedir (1,68 yil). Ancak su arzi kritik bir prosesi
etkiliyorsa bu proje tretim slrekliligi acisindan stratejik olabilir.

12.3 Yalnizca geri 6deme yetmez

Onceliklendirmede yalnizca geri 6deme siiresine bakmak her zaman dogru degildir:

e Su arzi kritik bir prosesi etkiliyorsa mali geri dontisi uzun bir proje stratejik olabilir.
e Bir ¢6zUm suyu azaltsa bile yUksek enerji, fazla kimyasal veya yeni bir atik sorunu yaratiyorsa yeniden
degerlendirilir.

iyi su verimliligi karar ekonomik, cevresel ve operasyonel sonuglari birlikte tartar.

13. Surekli iyilestirme

Su verimliliginin en gigli yani strekli iyilestirmedir. Bir kez yapilan su etlidu yillarca ayni bicimde kullanilmaz. Yeni Grin,
yeni hat, kapasite artisi, farkli hammadde veya yeni bir su kaynagi tesisin su profilini degistirebilir. Bu nedenle su haritasi,
sayac yapisl, hedefler ve iyilestirme listesi dizenli gézden gecirilir. Boylece su verimliligi tek seferlik bir proje degil,
isletmenin normal performans ydnetiminin pargasi olur.

Ders boyunca izlenen mantik tek zincirdir:

Neden ydnetilmeli - su verimliligi nedir - azalt, ikame et, yeniden kullan - haritala - 6l¢ ve izle - kaliteyi
eslestir - kayip-kagagi azalt - kapali devre ve geri kazanim - alternatif kaynaklari dogru adlandir - normalize et
ve dogrula - Tirkiye cercevesini bil - gergek maliyetle o6nceliklendir - siirekli iyilestir

14. Python ile dogrulama

Bu materyaldeki hesaplar asagidaki betikle yeniden Uretilebilir.



# Sayac kapsami

ana = 10000

alt = [2900, 1800, 3100, 900]

print(sum(alt), round(sum(alt) / ana * 100, 1), ana - sum(alt))

# Gece debisi
print(round((3.2 - 0.5) * 8760))

# Spesifik tiketim
for uretim, su in [(40000, 120000), (32000, 108000), (48000, 120000)]:
print(round(su / uretim, 3))

# Sogutma kulesi

E = 120

for C in (3, 5):
B=E/ (C-1)
print(C, B, E + B)

# Kondensat

makyaj = 5 * (0.70 - 0.40) * 6000

kwh m3 = 4.186 * 75 * 1000 / 3600

yakit = makyaj * kwh m3 / 0.90

tj = yakit * 3.6 / 1le6

print(round(makyaj), round(kwh m3, 2), round(yakit), round(tj * 56100, 2))

A

# Ters akisli durulama: 1 + r + ... + r’n=>D
def akis(n, D=1000, g=0.05):
lo, hi = 1.0, 1le6
for in range(200):
r=(lo+ hi) / 2
if sum(r**j for j in range(n + 1)) > D:
hi =r
else:
lo=r
return round(r, 2), round(r * q, 2)
print(akis(1), akis(2), akis(3))

# Gercek maliyet ve geri Odeme
soguk = 30 + 0.5 * 3.5 + 4 + 18

isitma = 4.186 * 1000 * 25 / 3600 / 0.90 * 1.80
print(soguk, round(isitma, 2), round(soguk + isitma, 2))

Beklenen ciktilar: 8700, 87,0 ve 1300 (sayac), 23652 (gece debisi), 3,0 / 3,375/ 2,5 (spesifik tiketim), 60 ve 180 ile 30 ve

150 (kule), 9000 ve 87,21 ve 872083 ve 176125,95 (kondensat), (999,0 ve 49,95), (31,11 ve 1,56), (9,64 ve 0,48)
(durulama), 53,75 ve 58,14 ve 111,89 (maliyet).

Alistirmalar (cevaplariyla)

Alistirma 1: Hata avcisi

Asagidaki bes ciimlede hata var mi? Hatalari bulun ve dizeltin.

1. Tesis girisindeki tek saya¢ kagaklarin yerini gosterdigi icin alt sayag gereksizdir.
2. Toplam su tuketimi ytuzde 10 distlyse verimlilik her zaman iyilesmistir.
3. Kapali devre sogutma sistemi hic taze su kullanmaz.
4. Uretim atiksuyu Tirkiye'de otomatik olarak gri su sayilr.
5. Su Verimliligi Yonetmeligi endUstriyel isletmelerin hepsine ayni yukimlaligua getirir.
Cevap.
1. Hatal. Ana sayag toplami gdsterir, nerede kullanildigini ve kaybin yerini géstermez. Alt sayag gerekir.
2. Hatal. Uretim daha fazla diistiyse spesifik tiiketim artmis olabilir (bdlim 10.1, Durum A).
3. Hatali. Buharlasma ve bl6f nedeniyle makyaj suyu gerekir.
4. Hatal. Gri su, evsel atiksuyun klozet disi kismidir. Proses akimlari proses atiksuyu, aritilmis atiksu veya geri

kazanilmis proses suyudur.
5. Hatali. YikUmlulik ekteki NACE kodlarina ve galisan sayisina (50 ve Uzeri) baglidir. Digerleri génulli basvurabilir.



Alistirma 2: Spesifik tiiketim

Bir tesiste bir yil 25.000 t tretimle 70.000 m3 su kullaniimistir. Ertesi yil 30.000 t dretimle 78.000 m3 kullaniimistir. Toplam
ve spesifik tiketim nasil degismistir?

Cevap. Birinci yil 70.000 + 25.000 = 2,800 m3/t. ikinci yil 78.000 + 30.000 = 2,600 m3/t. Toplam tiiketim 8.000 m3 yani
yaklasik %11,4 artti. Spesifik tuketim 0,200 m3/t yani yaklasik %7,1 azaldi. Verimlilik iyilesmistir.

Alistirma 3: Sogutma kulesi

E = 200 m3/gun olan bir kulede deristirme devri 4'ten 6'ya gikariliyor. Makyaj suyu ne kadar azalir?

Cevap. C=4icin B =200 + 3 = 66,67 m3/giin ve M = 266,67 m3/gin. C = 6 icin B = 200 + 5 = 40,00 m3/giin ve M =
240,00 m3/gun. Azalma 26,67 m3/gun.

Ozet

e Su verimliligi tek bir ekipman ya da aritma tesisi degildir, bir yonetim mantigidir.

o Once kullanim noktalarini haritala ve élc (alt sayac, baz durum).

o Once azalt, uygun oldugunda ikame et, sonra yeniden kullan.

e Her kullanim icin gereken kaliteyi belirle ve kaynagi buna gore sec.

o Kayip-kacagi gece debisiyle bul, onarim sonrasi sayacla dogrula.

o Kapali devre sifir taze su demek degildir. Sogutma, kondensat ve durulama 6rneklerinde etkiler farkli 6lglilerde ve
farkli kaynaklardan gelir.

e Gri su evsel bir kavramdir. Proses akimlari proses atiksuyu, aritilmis atiksu veya geri kazanilmis proses suyudur.

e Performansi spesifik tiketimle ve UGretim kosullarini dikkate alarak dogrula.

e Tlrkiye'de Su Verimliligi Yonetmeligi (27 Aralik 2024) ile sistem kurma ve belgelendirme cercevesi vardir. Kapsami
NACE kodu ve c¢alisan sayisiyla kontrol et.

e Karari suyun gercek maliyetiyle ve teknik, cevresel, operasyonel Olgutlerle ver. Yalnizca geri 6deme yetmez.

e Su etldU, sayac yapisi ve hedefler duzenli gézden gegirilir.

Bilgi kontrolu (cevaplarniyla)

1. Tesis girisindeki tek sayac neden yeterli degildir? Toplam ¢cekimi gdsterir, ancak suyun hangi proseste
kullanildigini ve kaybin nerede olustugunu gdstermez. Alt sayaglar gerekir.

2. Her kullanim icin icme suyu kalitesinde su gerekir mi? Hayir. Her kullanim icin gereken kalite belirlenir ve o
kaliteyi karsilayan en uygun kaynak secilir (kullanim amacina uygunluk).

3. Kapali devre sistem sifir taze su kullanimi anlamina gelir mi? Hayir. Buharlasma, blof, kalite bozulmasi ve sizinti
nedeniyle ilave su gerekir. Ornekte makyaj suyu buharlasma kaybindan (120 m3/giin) kiiciik olamaz.

4. Endistriyel proses atiksuyunu otomatik olarak gri su diye adlandirmak dogru mudur? Hayir. Gri su evsel
atiksuyun klozet disi kismidir. Proses akimlari proses atiksuyu, aritilmis atiksu veya geri kazanilmis proses suyudur.

5. Su azaltma hiyerarsisinin sirasi nedir ve hangi standart bu yaklasimi kullanir? Azalt, uygun oldugunda ikame
et, yeniden kullan. ISO 46001 yaklasimini bu G¢ kavramla cerceveler.

6. Toplam su tiiketimi yuzde 10, liretim yiuzde 20 dusti. Verimlilik iyilesti mi? Hayir. Spesifik tiketim 3,000 m3/t
degerinden 3,375 m3/t degerine cikmistir (yizde 12,5 artis).

7. Suyun gercek maliyeti birim fiyattan neden farkhidir? Pompalama, sartlandirma, 1sitma veya sogutma, kimyasal,
atiksu antimi, desarj ve camur gibi bagl maliyetler vardir. Ornekte soguk kullanimda gercek maliyet birim fiyatin 1,79
katidir.

8. Su Verimliligi Yonetmeligi'nde endiistriyel yukiimliilitkk kimler icin dogar? Yonetmelik ekinde tanimli NACE
kodlarinda faaliyet gésteren ve galisan sayisi 50 ve Uzeri olan isletmeler icin. Kapsam guncel kilavuzdan kontrol edilir.

9. Kacak onarimindan sonra etki nasil dogrulanir? ilgili alanin tiiketim profilinin ve gece debisinin sayac verisinde
distigu izlenir.

10. Yalnizca geri 6deme siiresi ne zaman yanilticidir? Su arzi kritik bir prosesi etkilediginde (strateji), ya da ¢6zim
suyu azaltirken enerji, kimyasal veya atik yUkinU artirdiginda.



Anahtar kavramlar sozlugu (TR - EN)

Tirkge English

su verimliligi water efficiency

su azaltma hiyerarsisi (azalt, ikame et, yeniden kullan) water reduction hierarchy (reduce, replace, reuse)
alt sayaclandirma sub-metering

baz durum baseline

spesifik su tuketimi specific water consumption
kullanim amacina uygunluk fit-for-purpose

kayip-kagak water loss and leakage

gece debisi analizi night flow analysis

kapali devre closed loop

deristirme deuvri cycles of concentration

blof blowdown

makyaj suyu make-up water

kondensat donlsu condensate return

ters akish durulama counter-current rinsing

geri kazanim reclamation / recovery

yagmur suyu hasadi rainwater harvesting

gri su greywater

proses atiksuyu process wastewater

antilmis atiksu treated wastewater

geleneksel olmayan su kaynaklari non-conventional water sources
suyun gercek maliyeti true cost of water

basit geri 6deme suresi simple payback period

en iyi teknikler (BAT) best available techniques (BAT)
su verimliligi belgesi (mavi, yesil, turkuaz) water efficiency certificate (blue, green, turquoise)
su ayak izi water footprint

Kaynaklar ve guncellik notu

Bilgi glincelligi Eylil 2026'dir. Mevzuat, kilavuz ve standart durumu degisebilir, karar vermeden 6nce resmi kaynaktan
kontrol edilmelidir.

Tirkiye mevzuati ve resmi kaynaklar

e Tarim ve Orman Bakanhgi. Su Verimliligi Yénetmeligi. Resmi Gazete 27.12.2024, sayl 32765. https://www.resmigaze
te.gov.tr/eskiler/2024/12/20241227-3.htm

e Tarim ve Orman Bakanligi, Su Yonetimi Genel MidurlGgu. Su Verimliligi portali, yonetmelik sayfasi ve sektérel
rehber dokimanlari. https://www.suverimliligi.gov.tr

e Tarim ve Orman Bakanhgi, Su Yonetimi Genel Mudurltgu. Su Verimliligi Belgelendirme Kilavuzlari Yayimlandr (12
Ocak 2026). https://www.tarimorman.gov.tr/SYGM/Haber/1343

e Tarim ve Orman Bakanhgi, Su Yonetimi Genel Mudurltgu. Geleneksel Olmayan Su Kaynaklarinin Kullanim Alanlari (1
Ekim 2024). https://www.tarimorman.gov.tr/SYGM/Haber/1243

e Cumhurbaskanli§i Genelgesi, Su Verimliligi Strateji Belgesi ve Eylem Plani (2023-2033). Resmi Gazete 4 Mayis 2023.
https://www.resmigazete.gov.tr/eskiler/2023/05/20230504-6.pdf

e Cevre, Sehircilik ve iklim Degisikligi Bakanhidi. Su Kirliligi Kontrolii Yonetmeligi. Resmi Gazete 31.12.2004, say!
25687 (17.12.2022 ve 23.10.2025 degisiklikleri).

e Cevre, Sehircilik ve iklim Degisikligi Bakanlhidi. Kentsel Atiksu Aritimi Yénetmeligi. Resmi Gazete 08.01.2006, sayi
26047.

o Mevcut En lyi Teknikler Tebligleri (Kimya Endistrisinde, Diger Uretim Faaliyetlerinde ve diger sektérel tebligler).
Resmi Gazete 30.11.2025, sayl 33093.

e [klim Kanunu (7552). Resmi Gazete 09.07.2025, sayi 32951.



https://www.resmigazete.gov.tr/eskiler/2024/12/20241227-3.htm
https://www.suverimliligi.gov.tr/
https://www.tarimorman.gov.tr/SYGM/Haber/1343
https://www.tarimorman.gov.tr/SYGM/Haber/1243
https://www.resmigazete.gov.tr/eskiler/2023/05/20230504-6.pdf

Organize Sanayi Bélgeleri Kanunu (4562).

Standartlar ve AB belgeleri

ISO 46001:2019, Water efficiency management systems, Requirements with guidance for use, ve Amd 1:2024
Climate action changes. https://www.iso.org/standard/68286.html

ISO 46001 ikinci edisyon calismasi (gelistirme asamasinda). https://www.iso.org/standard/92424.html

ISO 14046:2014, Environmental management, Water footprint, Principles, requirements and guidelines.

European Commission. Commission Implementing Decision (EU) 2019/2031 of 12 November 2019, BAT conclusions
for the food, drink and milk industries.

European Commission. Commission Implementing Decision (EU) 2022/2508 of 9 December 2022, BAT conclusions
for the textiles industry.

European Commission. Commission Implementing Decision (EU) 2016/902 of 30 May 2016, BAT conclusions for
common waste water and waste gas treatment/management systems in the chemical sector.

European Commission, JRC. Reference Document on Best Available Techniques for Industrial Cooling Systems
(2001).

Hesap dayanagi

Ders 15 materyali, dogal gaz icin CO2 emisyon faktori 56.100 kg/T) (IPCC 2006, Cilt 2, Tablo 2.3).
Bu materyaldeki tiim birim fiyatlar, yatirim tutarlari ve tesis verileri egitim varsayimidir.
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ENGLISH VERSION

LESSON 8: Water Efficiency and Improvement Practices
in Industry

Ders 8: Sanayide Su Verimliligi ve lyilestirme Uygulamalari

Program: Sanayide Sirdirilebilirlik, iklim Degisikligi ve Karbon Ayak izi Egitimi

Profile Description

Target University students and technical and administrative staff working in industrial organizations

audience

Scope of Industrial water efficiency: mapping use points, metering, quality matching, losses and leaks, closed loop and reclamation,
this specific water consumption, the Turkish management framework, the true cost of water and investment prioritization
material

Example All numerical examples and unit prices in this material are training assumptions. They are not real plant data, current tariffs
data or sector performance values

Related Lesson 7 (ISO 14046 water footprint), Lesson 9 (life cycle assessment, product carbon footprint and EPD), Lesson 15 (natural
lessons gas emission calculation)

Currency September 2026
of
information

Learning outcomes

After completing this material, the participant can:

e Explain why water is an operational issue for an industrial plant and not only an environmental one.

e Apply the water reduction hierarchy (reduce, replace where appropriate, reuse) in the right order.

e Map water use points in two layers, quantity and quality.

e Verify improvements reliably using a sub-metering structure and a baseline.

e Determine the water quality each use requires and choose a fit-for-purpose source.

e Find leaks with night flow analysis and verify the effect of repairs with meter data.

e Evaluate closed loop and reclamation options with cooling, steam and rinsing examples.

o Name rainwater, greywater, process wastewater and treated wastewater correctly.

e Calculate specific water consumption and interpret it against total consumption.

e Recognize the Turkish water efficiency management framework (the Water Efficiency Regulation, institutions,
related legislation, standards) and check the scope for their own plant.

e Calculate the true cost of water and prioritize improvement opportunities using payback together with technical and
operational criteria.

1. Why water is an operational issue

Water efficiency is not only an environmental responsibility for industrial organizations. In many plants, water is all of the
following:

e A direct process input

e A cooling medium

e A source for steam generation
e A cleaning agent

e A daily need for employees

A problem with water availability or quality can therefore affect production continuity. Good water management is also
linked to other costs such as pumping, conditioning, heating, cooling, chemical use and wastewater treatment.

In this material we do not treat water only as a volume read at the plant inlet meter. We look for answers to four
questions:



Where is water used?

Which uses are really necessary?
Where do losses occur?

Which streams can be safely reused?

A

The aim is not to recommend a single technology. The aim is to learn how an industrial organization can find and
prioritize water efficiency opportunities systematically.

In regions where water stress is growing or supply varies by season, this view matters even more for operational
resilience. A plant may have access to water today. Production growth, new users, dry periods or quality problems can
make the same source more fragile in the future. Water efficiency is therefore a preparation tool that reduces future
production risk as well as today's bill.

The definition of water efficiency also appears in Turkiye's Water Efficiency Regulation: using the least amount of water in
producing a product or service, or producing more product with the same amount of water.

2. The water reduction hierarchy: reduce, replace, reuse

In a good program the order of solutions matters. A useful decision hierarchy has three steps. The ISO 46001 water
efficiency management system standard frames its approach with the same three concepts (reduce, replace, reuse).

Step Core question Example

1. Reduce Is this water use really needed? Can Fixing leaks, changing the cleaning method, improving process control
current use be reduced?

2. Replace (where Is there a source better matched to the  Reclaimed water or rainwater, meeting legislation and quality criteria, for a
appropriate) quality the use requires? use that does not need drinking water quality

3. Reuse Can water be reused or reclaimed Condensate return, cascade rinsing, reclamation after treatment
within the system?

The practical value of this order is that it lowers the risk of wrong investments:

e Installing an expensive treatment system first may be uneconomic when an unnecessary use could be removed by
a process change.
e Producing high-quality reclaimed water and using it for a low-quality duty wastes resources.

Technology selection is therefore not the start of the solution process. It comes after the need and the quality
requirement have been defined.

Note: The hierarchy is a decision order, not an order of obligation. In one plant all three steps can move at the same
time. For every new investment, however, the first question is whether the first step has been exhausted.

3. Mapping water use points

A water efficiency study starts by mapping use points.

Group Typical users

Direct process water Washing, rinsing, mixing, product formulation, other operations on the production line
Utilities Cooling towers, boiler feed water, steam systems, heat exchangers

Cleaning and hygiene CIP systems, floor washing, vehicle washing

Other Laboratory, staff areas (showers, toilets, kitchen)

Mapping does not only look at how many cubic metres go to each point. It also asks what water quality this use really
needs. Not all use points need the same quality of water. The water use map is therefore two-layered:

¢ Quantity layer: In which processes is total consumption concentrated?
e Quality layer: Which uses could be met by a lower-quality but suitable alternative source?

During mapping, the owner of each use point is also identified. Cooling water may be the responsibility of utilities,
process washing of the production team, and cleaning water of the hygiene or operations team. When the quantity,
quality requirement and operational owner of every main use point are known, it is easier to implement and follow up



improvement proposals. Water data then stops being a table kept only by the environment department.

4. Cleaning and domestic use: low-cost opportunities

In some plants the fastest gains come not from large investments but from cleaning and daily use habits. Typical
situations that consume water unnoticed:

e Hoses left running

e Unnecessarily high flow rates
e Unstandardized washing times
e Faulty cisterns

e Poor cleaning sequence

The solution is not just telling staff to use less water. The following measures are considered together with behavior
change:

e Correct nozzles

e Pressure-controlled systems

e Dry or mechanical pre-cleaning

e Suitable automation (for example, sensor taps)
e Regular maintenance

Do not use water unnecessarily to carry dirt. If the solid load is first reduced by dry sweeping, scraping, vacuuming
or mechanical pre-cleaning, the water demand of the following wet cleaning also falls. This approach can also affect the
pollutant load in wastewater. Cleaning optimization is therefore not just cutting flow but redesigning the cleaning
sequence and method.

Note: Cleaning quality, hygiene and occupational safety are never sacrificed for water reduction. The goal is to
improve the method while keeping the required quality. Low-cost measures are examined before larger reclamation
investments.

5. Metering, sub-meters and a correct baseline

Water that is not measured is hard to manage. The main meter at the plant inlet shows total intake but does not explain
in which process the water is used or where losses occur. Sub-metering is therefore one of the core tools of water
efficiency. When the main processes, cooling, boiler house, treatment, cleaning and other large use points are monitored
separately, anomalies become visible. For example, high flow continuing at night when there is no production may
indicate a leak or an unnecessary continuous flow.

5.1 Meter coverage and water balance

The following training example compares main meter and sub-meter data for one month.

Item Value (m3/month)

Main meter (total intake) 10,000

Cooling system sub-meter 2,900

Boiler house sub-meter 1,800

Process washing sub-meter 3,100

Cleaning sub-meter 900

Sum of sub-meters 8,700

Unaccounted difference 10,000 - 8,700 = 1,300

Meter coverage ratio = 8,700 + 10,000 = 87%
Unaccounted share 1,300 + 10,000

]
=
w
o°

The unaccounted share may come from meter error, unmetered use or leakage. The difference is monitored and reduced
over time.



5.2 Baseline

Comparing total water before and after an improvement is not always enough. Production volume, product mix, operating
hours or season may have changed. Alongside total consumption, normalized indicators such as water per tonne of
product are therefore tracked. A good baseline answers not only how many cubic metres we used last month but also
under which production and operating conditions that consumption occurred.

5.3 Meter selection and data quality

o A meter that cannot see very small flows is inadequate for leak tracking.

o A wrongly placed meter does not explain process performance.

e When preparing the metering plan, ask which decision will rely on which data.

o Meters are checked periodically, data loss is monitored and measurements are time-matched with production
records.

A good data infrastructure is the basic capability that comes before the water efficiency investment itself.

6. Process-based monitoring and fit-for-purpose water quality

Process-based monitoring treats water quantity and quality together. For every main stream, where the water comes
from, what happens to it in the process, at what quality it leaves and its reuse potential are evaluated.

The main principle is fit-for-purpose: determine the quality each use needs and use the most suitable source that meets
that quality.

Use Required quality level (example)

Critical process in direct contact with product High

Boiler feed water High, conditioned

Cooling tower make-up water Medium, hardness and conductivity controlled
Floor washing, vehicle washing Low

The levels in the table are indicative. Real quality criteria are set by the process, product and legislation.

Cascade reuse is a simple example: final rinse water is used in an earlier, dirtier wash stage. However, connecting
streams only to save water, without quality matching, is not right. Product quality, hygiene, corrosion, fouling, process
reliability and regulatory conditions are assessed together. The water flow diagram is therefore a map not only of
volumes but also of quality requirements.

Segregation at source. If lightly polluted streams can be kept apart from heavily polluted ones, reuse is easier and less
treatment is needed. Water should not be lost in a single wastewater pool after leaving a process. The earlier a clean
stream is separated, the more flexible reuse options become. In some plants segregation at source is a design decision to
consider before reclamation technology.

7. Losses, leaks and unnecessary continuous flows

Loss and leak management is one of the fastest and lowest-cost improvement areas in most plants. Typical sources that
add up to significant volumes over time:

e Dripping valves

e Faulty float valves

e Overflowing tanks

e Bypass lines left open

e Underground pipe leaks

e Continuous flows running outside production

Detection methods are used together: site walks, night flow analysis, pressure monitoring, maintenance records and
operator reports.

7.1 Night flow analysis: numerical example

At night when production has stopped, the lowest flow is measured at the main meter. Legitimate continuous use is
subtracted from this value, and the remaining difference indicates leakage.



Step Value Unit Calculation

Lowest measured night flow 3.2 m3/h Meter data

Legitimate continuous use 0.4 m3/h Known uses (for example, a continuously running cooling circuit)
Estimated leak 2.8 m3/h 3.2-04

Lowest night flow after repair 0.5 m3/h Meter data

Verified reduction 2.7 m3/h 3.2-05

Annual water gain 23,652 m3/year 2.7 m3/h x 8,760 h/year

2.7 m3/h x 8,760 h/year = 23,652 m3/year

The leak is assumed to run continuously at a constant flow. In real systems, leak flow changes as pressure changes.

The key point is verification. Seeing that a leak has been repaired is not technically enough. You monitor whether the
consumption profile of the area has really fallen in the meter data. A maintenance action is thus linked to a measurable
water performance result. Loss and leak management also needs an operating culture in which employees report small
anomalies.

7.2 The financial impact of a leak

The cost of a leak is not only the price of the lost water:

o If the leaking water is hot water or conditioned process water, energy and chemicals are lost with it.
e If there is a leak on a pressurized line, pumps run unnecessarily and consume extra energy.

Showing maintenance teams water loss as a total process loss and not only an environmental indicator strengthens
behavior. The calculation of these costs is in Section 12.

8. Closed loop, reclamation and three industrial examples

Closed loop means recirculating water within the same system. This does not mean the system needs no fresh
water. Make-up water is needed because of evaporation, blowdown, quality degradation, leakage or build-up. The
following three examples are common.

8.1 Example 1: Cooling systems

Instead of open and uncontrolled water use, recirculation, suitable monitoring and blowdown management are
considered. If the quality of the blowdown stream is suitable, reclamation for another use after suitable treatment can be
examined.

In a cooling tower, make-up water is the sum of evaporation and blowdown (drift loss is neglected):

Blowdown (B) = E + (C - 1)
Make-up water (M) = E + B
E: evaporation loss (m3/day), C: cycles of concentration (dimensionless)

Training data: E = 120 m3/day.

Cycles of concentration (C) Blowdown (m3/day) Make-up water (m3/day)
3 120 + (3 -1) =60 120 + 60 = 180

5 120+ (5-1) =30 120 + 30 = 150
Difference 30 30

Raising the cycles from 3 to 5 reduces make-up water by 30 m3 per day and reduces discharge by the same volume. For
a tower operating 330 days a year this is 9,900 m3/year. Cycles cannot be raised without limit. Hardness, corrosion and
scaling risk and the treatment program set the limit. Make-up water can never be smaller than the evaporation loss (E),
which means closed loop does not mean zero fresh water.

8.2 Example 2: Steam system and condensate return



Returning hot condensate formed after the process to the system under suitable conditions recovers not only the water
but also the heat the condensate carries.

Training data: Steam generation 5 t/h, 6,000 hours a year. The condensate return rate is raised from 40% to 70%.
Condensate is at 90 °C and make-up water at 15 °C. Boiler efficiency is 90% and the fuel is natural gas. 1 t of condensate
is taken as about 1 m3.

Step Calculation Result

Reduced make-up water 5t/h x (0.70 — 0.40) x 6,000 h/year 9,000 m3/year

Specific heat difference 4.186 kJ/(kg-K) x (90 — 15) K 313.95 kJ/kg

Heat content difference 313.95 kJ/kg x 1,000 kg/m? =+ 3,600 kJ/kWh 87.21 kWh/m3

Annual fuel saving 9,000 m3/year x 87.21 kWh/m3 + 0.90 about 872,083 kWh/year

In this example the heat gain is more valuable than the water gain (see Section 12). Using the method of Lesson 15, the
carbon effect can also be seen:

872,083.3 kWwh x 3.6 MJ/kwWwh = 3,139,500 MJ = 3.1395 TJ
3.1395 TJ x 56,100 kg C02/TJ = 176,125.95 kg CO2> = 176.13 tCO:

Only CO: is calculated. The CHa4 and N20 shares are small and are neglected here. Effects such as flash steam, line losses
and condensate quality are left out for simplicity.

8.3 Example 3: Washing and rinsing

Using the cleanest final rinse water in the previous wash stage reduces the need for fresh water. With staged counter-
current rinsing, the required water is roughly calculated as follows.

Model: q of dirty liquid (drag-out) is carried into each stage with the product. The contaminant concentration is required
to fall by a factor of 1,000 at the last stage (dilution ratio D = 1,000). Stages are ideally mixed and q is constant. With the
required rinse water Q =r x q, therelationd =1 + r + r2 + ... + rn holds for n stages.

Training data: g = 0.05 m3/h.

Number of stages (n) > Required fresh water Q (m3/h) Reduction vs single stage
1 999.0 49.95 Reference

2 31.11 1.56 96.9%

3 9.64 0.48 99.0%

When higher quality is needed, filtration, membranes, ion exchange or process-specific treatment solutions can be
considered.

8.4 How to choose a reclamation project

A reclamation project is not chosen only by asking how many cubic metres of water it will gain. The following are also part
of the decision:

e Additional energy demand

e Chemical consumption

e Concentrate or sludge generation
e Maintenance burden

e Product quality

e Operational reliability

The best solution is the one that improves total resource use and operational risk together.

The best reuse opportunity is often a use close to where the water comes out and requiring similar quality. If there is no
need to carry the stream over long distances, treat it very far or build large storage, the system can be simpler. Where
the process is sensitive, even small quality fluctuations can create product or equipment risk. Pilot application, quality
monitoring and gradual commissioning are therefore important safety steps.



Note: The shared lesson of the three examples. In cooling, make-up water does not fall to zero. In condensate
return, the main gain is often heat. In rinsing, the number of stages changes the effect greatly. Models give direction,
and real values are verified with plant measurements.

9. Naming rainwater, greywater and treated wastewater correctly

Terminology matters for alternative water sources. Correct naming helps to select the right quality criterion and the right
use scenario.

Concept Definition Note for industry

Rainwater Collecting rainfall from impermeable surfaces and storing it for suitable uses Quality, storage capacity, rainfall regime and

harvesting regulatory conditions determine the use

Greywater The less polluted part of domestic wastewater that contains no blackwater Can be used for certain purposes after
(toilet) (shower, basin, bath, kitchen, washing machine and dishwasher) suitable treatment

Process Wastewater from production processes Not called greywater

wastewater

Treated Wastewater made suitable for reuse after suitable treatment Quiality criterion is set by the intended use

wastewater

Reclaimed Water recovered by treating a process stream Defined by its source stream and quality

process

water

Greywater is not the grey water footprint indicator. In the water footprint approach, the grey water footprint
expresses the volume of water needed to dilute a pollutant (ISO 14046, Lesson 7). In this material, greywater means the
domestic concept above. In the 2022 amendment of the Water Pollution Control Regulation, greywater is also defined as
non-toilet domestic wastewater.

It is not correct to call streams from industrial processes greywater in general. A textile rinse stream and greywater from
a staff shower are not the same concept.

The Water Efficiency Regulation defines non-conventional water sources to include wastewater, rainwater, greywater,
brackish water and seawater. In the October 2024 information note of the General Directorate of Water Management of
the Ministry of Agriculture and Forestry, greywater, treated wastewater and rainwater are also explained with this
distinction.

Continuity and simultaneity. The theoretical availability of a water source does not mean it can be used at any
moment:

e Rainfall seasonality may not coincide with the period of production water demand.
e If the use point for reclaimed water is not continuous, a balancing tank may be needed.
e Quality may change during storage time.

When evaluating alternative sources, continuity and simultaneity matter as much as quantity.

10. Specific water consumption, KPIs and verifying improvement

Total water consumption is an important indicator but does not explain performance on its own if production changes.
Specific water consumption is therefore used. Depending on the sector, indicators such as cubic metres per tonne of
product, litres per unit of product or water per process hour are chosen. The aim is to make like-for-like production

conditions as comparable as possible.

Specific water consumption (m3/t) = Total water consumption (m3) + Production (t)

10.1 Numerical example: total and specific consumption

Training data: base year 40,000 t of production and 120,000 m3 of water.

Production (t) Water (m3) Change in total water Specific consumption (m3/t) Specific change

Base year 40,000 120,000 3.000



A: proauction tell 32,000 108,000 10.U% decrease SEC/iS) 12.5% IncCrease

B: production rose 48,000 120,000 No change 2.500 16.7% decrease

In Case A, total consumption appears to have fallen by 10 percent. Yet production fell by 20 percent and efficiency has
worsened. In Case B, total consumption stayed constant but production rose by 20 percent and efficiency has clearly
improved.

10.2 Verification cycle

A simple cycle is set up to verify an improvement:

Determine the baseline.

Apply the intervention.

Measure the result.

Take changes in production and operating conditions into account.
Verify the performance.

vk wN e

10.3 Complementary indicators

Instead of a single KPI, complementary indicators can be used:

e Reuse rate

e Meter coverage ratio

e Specific consumption of the main processes
e Closure time of leak events

e Quantity of reclaimed water

A good KPI is measurable, has a clear owner and serves decision-making. Too many KPIs are also not useful. A few main
indicators on which management will decide are separated from the detailed indicators technical teams will follow. For
example, while senior management tracks total and specific water consumption, utilities track cooling tower make-up
water or the boiler system condensate return rate.

11. The water efficiency management framework in Turkiye

In TUrkiye, water efficiency is no longer only a voluntary good practice topic. This section summarizes the framework
under five headings. The aim is not to memorize regulatory details but to know that a system that measures, targets and
continuously improves water use now has a clear management framework in Turkiye.

11.1 The Water Efficiency Regulation

Heading Content

Identity Su Verimliligi Yénetmeligi (Water Efficiency Regulation), Ministry of Agriculture and Forestry, Official Gazette 27 December
2024, No. 32765. In force on the date of publication

Scope Establishing, monitoring and certifying water efficiency systems and preparing provincial plans. Covers urban, industrial and
agricultural activities

Certificate  Blue (for all obligated parties that establish a system), Green (mandatory within a set period for specified obligated parties),
levels Turquoise (voluntary)

Industrial Enterprises operating under the NACE codes defined in the regulation's annex and with more than 49 employees (that is, 50 or
obligation  more) are obligated to establish a system and apply for a certificate. Enterprises with fewer employees may apply voluntarily

Green For industrial activities with NACE codes in Annex-2, at most five years after the system is established. Organized industrial
certificate  zones and free zones are also within the scope of the green certificate obligation
period

Application Made through the Ministry's online system

Guides Industrial, urban and agricultural water efficiency system establishment and certification guides were announced by the
Ministry on 12 January 2026. A series of sector-specific water efficiency guidance documents is also published

The system establishment process under the regulation has four stages: assigning staff, preparing a plan, training, and
implementation-monitoring-reporting. The plan containing the five-year implementation schedule is submitted for
Ministry approval.



Note: Repeat the scope check. The legislation and certification framework can be updated over time. The
organization checks its own NACE code, employee number and the current guide. When the NACE classification, plant
structure or employee number changes, the obligation is reassessed. For schedule information such as the system
establishment period, the current Annex-1 and guide should be verified from the official source (suverimliligi.gov.tr).

The certificate should not be an end in itself. The real value is that the measurement, targets, action plan and monitoring
discipline built under the system improve actual water performance. Certification is one of the tools that helps
institutionalize this management approach.

11.2 Institutions and related legislation map

Institution or document

Water
efficiency
policy and
certification

National
roadmap

Development
and
allocation of
water
resources

Wastewater
discharge

Urban
wastewater

Organized
industrial
zones

Rainwater
and
greywater

Best
techniques in
industry

Climate

Ministry of Agriculture and Forestry, General Directorate of
Water Management

Degisen iklime Uyum Cercevesinde Su Verimliligi Strateji
Belgesi ve Eylem Plani (2023-2033) (Water Efficiency Strategy
Document and Action Plan in the Context of Adaptation to a
Changing Climate)

State Hydraulic Works (DSi) General Directorate

Su Kirliligi Kontrolii Yénetmeligi (Water Pollution Control
Regulation) (Official Gazette 31 December 2004, No. 25687)

Kentsel Atiksu Aritimi Yénetmeligi (Urban Wastewater
Treatment Regulation) (Official Gazette 8 January 2006, No.
26047)

Organize Sanayi Bélgeleri Kanunu (Organized Industrial Zones
Law, No. 4562) and the OSB implementing regulation

Zoning and building legislation and water pollution legislation

Mevcut En lyi Teknikler Tebligleri (Best Available Techniques
Communiqués) (Official Gazette 30 November 2025, No.
33093)

iklim Kanunu (Climate Law, No. 7552, Official Gazette No.
32951 of 9 July 2025)

The regulation, guides and the suverimliligi.gov.tr portal

Announced by a Presidential Circular (Official Gazette 4
May 2023)

An institution affiliated with the Ministry of Agriculture and
Forestry. Supply of surface and groundwater for industry
and the related permits fall in this area

Ministry of Environment, Urbanization and Climate Change.
The 17 December 2022 amendment introduced reuse
provisions and the greywater definition. Amended again on
23 October 2025

Urban treatment obligations. If industry discharges to the
urban sewer, the conditions of the relevant authority also
apply

OSBs are obligated parties for the green certificate under
the water efficiency regulation. Wastewater and discharge
conditions are also regulated by the OSB management

Rainwater collection provisions may appear in zoning
legislation. The current text should be checked separately
for the plant

Ministry of Environment, Urbanization and Climate Change.
Published for sectors such as chemicals, energy, metals,
minerals, waste and other manufacturing activities

Regulates the emissions trading system and adaptation
planning. Water is among the risk areas addressed in
adaptation planning

Note: The two ministries have different roles. The water efficiency system and certification belong to the
Ministry of Agriculture and Forestry. Wastewater discharge, treatment and best techniques belong to the Ministry of
Environment, Urbanization and Climate Change. A plant is often subject to both.

11.3 Standards and best available techniques (BAT)

ISO 46001. /SO 46001:2019 Water efficiency management systems, Requirements with guidance for use is the water
efficiency management system standard. It is voluntary, is based on the reduce, replace and reuse approach and applies
to organizations of any size. The standard was updated in 2024 with Amd 1:2024 Climate action changes. A second
edition of the standard is under development within ISO/TC 224, and until it is published the 2019 version (with Amd
1:2024) remains valid.

EU BAT conclusions and BREF documents. Sector-specific BAT conclusions are published under the EU Industrial
Emissions Directive (2010/75/EU). Examples relevant to water efficiency:



Document Water-related content

BAT conclusions for the Food, Drink Techniques to reduce water consumption, dry cleaning, segregation of water streams, reuse
and Milk Industries, (EU) 2019/2031

BAT conclusions for the Textiles Water management plan, segregation of water streams, reuse and recycling. Includes indicative
Industry, (EU) 2022/2508 process-based water consumption ranges (for example 2 to 16 m3/t for continuous dyeing and 10 to
150 m3/t for batch fabric dyeing)

Common Waste Water and Waste Wastewater management and treatment in the chemical sector
Gas Treatment in the Chemical
Sector, (EU) 2016/902

Industrial Cooling Systems BREF Water and energy consumption in cooling systems
(2001)

These values are not automatically binding in Turkiye. They are used as benchmarks when setting targets for your own
sector. Tlrkiye's own Best Available Techniques Communiqués were also published in 2025 (see the previous table).

11.4 Current status (September 2026)

¢ The Water Efficiency Regulation is in force. Certification guides were published in January 2026.

e The second edition of ISO 46001 has not yet been published. Developments are followed on the ISO page.

e The guide and annex lists may be updated. Before deciding on an obligation, the current text on the Ministry portal
is taken as the basis.

12. The true cost of water and investment prioritization

A common mistake is to calculate the gain only with the unit price of purchased or abstracted water. From the plant's
point of view, the true cost of water is broader:

e Pumping

e Conditioning and filtration

e Heating or cooling

e Chemical use

e Transport within the process

o Wastewater treatment, discharge and sludge management

Not using one cubic metre of water avoids not only the water charge but also the water-related energy and treatment
costs.

12.1 True cost of water: numerical example

The unit prices below are training assumptions and are not current tariffs.

Item Calculation TL/m3
Water supply (unit price) Assumption 30.00
Pumping 0.50 kWh/m?3 x 3.50 TL/kWh 1.75
Conditioning and filtration Assumption 4.00
Wastewater discharge and Assumption 18.00
treatment

Total (cold use) 53.75
Heating (25 K) 4.186 kJ/(kg-K) x 1,000 kg x 25 K + 3,600 = 29.07 kWh. 29.07 + 0.90 = 32.30 kWh fuel. 32.30 58.14

x 1.80 TL/kWh

Total (heated use) 53.75 + 58.14 111.89

A calculation that looks only at the unit price sees 30.00 TL per cubic metre. The true cost is 1.79 times that for cold use
and 3.73 times that for heated use.

12.2 Investment prioritization: numerical example

Improvement opportunities fall into four groups:

1. Low-cost measures: behavior, maintenance, leak reduction



2. Process optimization and control improvements
3. Equipment changes and closed-loop applications
4. Treatment and reclamation investments

Each option is assessed for technical suitability, product quality, occupational safety, legislation, initial investment,
operating cost, water and energy gain, maintenance burden and operational risk. The most expensive technology is then
not chosen, but the solution best suited to where the problem lies.

The table below uses the training examples in this material. Simple payback = investment <+ annual net gain.

Obportunit Investment Annual water Annual net gain, unit Payback Annual net gain, Payback
PP y (TL) gain (m3) price only (TL) (years) true cost (TL) (years)

Leak repair (Section 7) 1 150,000 23,652 709,560 0.21 1,271,295 0.12

Nozzle and hose 1 40,000 6,000 180,000 0.22 322,500 0.12

arrangement

Cooling tower cycles 3to | 2 180,000 9,900 297,000 0.61 532,125 0.34

5 (Section 8.1)

Condensate return 3 600,000 9,000 270,000 2.22 1,891,500 0.32

(Section 8.2)

Treatment and 4 2,400,000 30,000 714,000 3.36 1,426,500 1.68

reclamation

Calculation notes:

e For leak, nozzle and cooling tower, the true cost is taken as 53.75 TL/m3 (including reduced discharge).

e In condensate return discharge does not fall. The water side is taken as 35.75 TL/m3 (53.75 — 18.00) and 321,750
TL for 9,000 m3, the fuel side as 872,083 kWh x 1.80 TL/kWh = 1,569,750 TL, total 1,891,500 TL. In the unit-price-
only view it is 9,000 x 30 = 270,000 TL.

e The reclamation plant's additional operating cost is assumed to be 6.20 TL/m3 (1.2 kWh/m3? x 3.50 TL/kWh + 2.00
TL/m3 chemicals). It is deducted from the net gain.

e Simple payback does not include the time value of money, maintenance costs or price changes.

Results:

e The payback of condensate return appears as 2.22 years with the unit price alone but falls to 0.32 years with the
true cost. The heat gain is larger than the water gain.

e The reclamation plant is the longest-payback project even at true cost (1.68 years). But if water supply affects a
critical process, this project can be strategic for production continuity.

12.3 Payback alone is not enough

Looking only at payback time is not always right when prioritizing:

o If water supply affects a critical process, a project with a long financial return can be strategic.
o If a solution reduces water but creates high energy use, excess chemical use or a new waste problem, it is
reassessed.

A good water efficiency decision weighs economic, environmental and operational results together.

13. Continuous improvement

The strongest feature of water efficiency is continuous improvement. A water study done once is not used unchanged for
years. A new product, new line, capacity increase, different raw material or new water source can change a plant's water
profile. The water map, meter structure, targets and improvement list are therefore reviewed regularly. Water efficiency
then becomes part of the organization's normal performance management and not a one-off project.

The logic followed throughout the lesson is a single chain:

Why manage - what is water efficiency - reduce, replace, reuse - map - measure and monitor - match quality - reduce
losses and leaks - closed loop and reclamation - name alternative sources correctly - normalize and verify - know
the Turkish framework - prioritize by true cost - improve continuously



14. Verification with Python
The calculations in this material can be reproduced with the following script.

# Meter coverage

main = 10000

subs = [2900, 1800, 3100, 900]

print(sum(subs), round(sum(subs) / main * 100, 1), main - sum(subs))

# Night flow
print(round((3.2 - 0.5) * 8760))

# Specific consumption
for production, water in [(40000, 120000), (32000, 108000), (48000, 120000)]:
print(round(water / production, 3))

# Cooling tower

E = 120

for C in (3, 5):
B=E/ (C-1)
print(C, B, E + B)

# Condensate

makeup = 5 * (0.70 - 0.40) * 6000

kwh m3 = 4.186 * 75 * 1000 / 3600

fuel = makeup * kwh m3 / 0.90

tj = fuel * 3.6 / 1leb

print(round(makeup), round(kwh m3, 2), round(fuel), round(tj * 56100, 2))

# Counter-current rinsing: 1 + r + ... + r’n =D
def flow(n, D=1000, g=0.05):
lo, hi = 1.0, 1le6
for in range(200):
r=(lo+ hi) / 2
if sum(r**j for j in range(n + 1)) > D:
hi =r
else:
lo=r
return round(r, 2), round(r * q, 2)
print(flow(1l), flow(2), flow(3))

# True cost

cold = 30 + 0.5 * 3.5 + 4 + 18

heating = 4.186 * 1000 * 25 / 3600 / 0.90 * 1.80
print(cold, round(heating, 2), round(cold + heating, 2))

Expected outputs: 8700, 87.0 and 1300 (meters), 23652 (night flow), 3.0 / 3.375 / 2.5 (specific consumption), 60 and 180
with 30 and 150 (tower), 9000 and 87.21 and 872083 and 176125.95 (condensate), (999.0 and 49.95), (31.11 and 1.56),
(9.64 and 0.48) (rinsing), 53.75 and 58.14 and 111.89 (cost).

Exercises (with answers)

Exercise 1: Error hunter

Is there an error in each of the following five sentences? Find and correct the errors.

A single meter at the plant inlet shows where leaks are, so sub-meters are unnecessary.
If total water consumption fell by 10 percent, efficiency has always improved.

A closed-loop cooling system uses no fresh water at all.

Production wastewater is automatically counted as greywater in Turkiye.

The Water Efficiency Regulation imposes the same obligation on all industrial enterprises.

vk wN e

Answer.

1. Wrong. The main meter shows the total and does not show where water is used or where the loss is. Sub-meters are
needed.
2. Wrong. If production fell more, specific consumption may have risen (Section 10.1, Case A).



3. Wrong. Make-up water is needed because of evaporation and blowdown.

4. Wrong. Greywater is the non-toilet part of domestic wastewater. Process streams are process wastewater, treated
wastewater or reclaimed process water.

5. Wrong. The obligation depends on the NACE codes in the annex and the number of employees (50 or more). Others
may apply voluntarily.

Exercise 2: Specific consumption

A plant used 70,000 m?3 of water with 25,000 t of production in one year. The next year it used 78,000 m3 with 30,000 t of
production. How did total and specific consumption change?

Answer. Year one: 70,000 + 25,000 = 2.800 m3/t. Year two: 78,000 + 30,000 = 2.600 m3/t. Total consumption rose by
8,000 m3, about 11.4 percent. Specific consumption fell by 0.200 m3/t, about 7.1 percent. Efficiency has improved.

Exercise 3: Cooling tower

In a tower with E = 200 m3/day, the cycles of concentration are raised from 4 to 6. How much does make-up water fall?

Answer. ForC=4,B =200 + 3 = 66.67 m3/day and M = 266.67 m3/day. For C =6, B = 200 + 5 = 40.00 m3/day and M
= 240.00 m3/day. The reduction is 26.67 m3/day.

Summary

o Water efficiency is not a single piece of equipment or a treatment plant. It is a management logic.

e First map the use points and measure (sub-meters, baseline).

e First reduce, replace where appropriate, then reuse.

o Determine the quality each use needs and choose the source accordingly.

e Find leaks with night flow and verify with meters after repair.

e Closed loop does not mean zero fresh water. In the cooling, condensate and rinsing examples the effects come in
different sizes and from different sources.

e Greywater is a domestic concept. Process streams are process wastewater, treated wastewater or reclaimed
process water.

o Verify performance with specific consumption, taking production conditions into account.

e In TUrkiye there is a framework for system establishment and certification under the Water Efficiency Regulation (27
December 2024). Check the scope by NACE code and number of employees.

e Decide using the true cost of water and technical, environmental and operational criteria. Payback alone is not
enough.

e The water study, meter structure and targets are reviewed regularly.

Knowledge check (with answers)

1. Why is a single meter at the plant inlet not enough? It shows total intake but not in which process the water is
used or where the loss occurs. Sub-meters are needed.

2. Does every use need drinking-quality water? No. The required quality is determined for each use and the most
suitable source meeting that quality is chosen (fit-for-purpose).

3. Does a closed-loop system mean zero fresh water use? No. Additional water is needed because of evaporation,
blowdown, quality degradation and leakage. In the example, make-up water cannot be smaller than the evaporation loss
(120 m3/day).

4. Is it correct to automatically call industrial process wastewater greywater? No. Greywater is the non-toilet
part of domestic wastewater. Process streams are process wastewater, treated wastewater or reclaimed process water.

5. What is the order of the water reduction hierarchy and which standard uses this approach? Reduce,
replace where appropriate, reuse. ISO 46001 frames its approach with these three concepts.

6. Total water consumption fell 10 percent and production fell 20 percent. Did efficiency improve? No.
Specific consumption rose from 3.000 m3/t to 3.375 m3/t (a 12.5 percent increase).

7. Why does the true cost of water differ from the unit price? There are linked costs such as pumping,
conditioning, heating or cooling, chemicals, wastewater treatment, discharge and sludge. In the example, the true cost
for cold use is 1.79 times the unit price.



8. For whom does the industrial obligation arise under the Water Efficiency Regulation? For enterprises
operating under the NACE codes defined in the regulation's annex and having 50 or more employees. The scope is

checked against the current guide.

9. How is the effect verified after a leak repair? By monitoring that the consumption profile and night flow of the

area have fallen in the meter data.

10. When is payback time alone misleading? When water supply affects a critical process (strategy), or when a
solution reduces water but increases the energy, chemical or waste load.

Key concepts glossary (TR - EN)

Turkge English

su verimliligi

su azaltma hiyerarsisi (azalt, ikame et, yeniden kullan)
alt sayaglandirma

baz durum

spesifik su tuketimi

kullanim amacina uygunluk
kayip-kagak

gece debisi analizi

kapal devre

deristirme devri

blof

makyaj suyu

kondensat donlsu

ters akisl durulama

geri kazanim

yagmur suyu hasadi

gri su

proses atiksuyu

antilmis atiksu

geleneksel olmayan su kaynaklari

suyun gercek maliyeti

basit geri 6deme suresi
en iyi teknikler (BAT)
su verimliligi belgesi (mavi, yesil, turkuaz)

su ayak izi

Sources and currency note

water efficiency

water reduction hierarchy (reduce, replace, reuse)
sub-metering

baseline

specific water consumption
fit-for-purpose

water loss and leakage

night flow analysis

closed loop

cycles of concentration
blowdown

make-up water

condensate return
counter-current rinsing
reclamation / recovery
rainwater harvesting

greywater

process wastewater

treated wastewater
non-conventional water sources

true cost of water

simple payback period
best available techniques (BAT)
water efficiency certificate (blue, green, turquoise)

water footprint

Information is current as of September 2026. Legislation, guides and standard status may change and should be checked

against the official source before making decisions.

Turkish legislation and official sources

e Ministry of Agriculture and Forestry. Su Verimliligi Yénetmeligi (Water Efficiency Regulation). Official Gazette
27.12.2024, No. 32765. https://www.resmigazete.gov.tr/eskiler/2024/12/20241227-3.htm
e Ministry of Agriculture and Forestry, General Directorate of Water Management. Water Efficiency portal, regulation

page and sector-specific guidance documents. https://www.suverimliligi.gov.tr
e Ministry of Agriculture and Forestry, General Directorate of Water Management. Su Verimliligi Belgelendirme

Kilavuzlari Yayimlandi (Water efficiency certification guides published, 12 January 2026). https://www.tarimorman.g

ov.tr/SYGM/Haber/1343



https://www.resmigazete.gov.tr/eskiler/2024/12/20241227-3.htm
https://www.suverimliligi.gov.tr/
https://www.tarimorman.gov.tr/SYGM/Haber/1343

e Ministry of Agriculture and Forestry, General Directorate of Water Management. Geleneksel Olmayan Su
Kaynaklarinin Kullanim Alanlari (Uses of non-conventional water sources, 1 October 2024). https://www.tarimorman.

gov.tr/SYGM/Haber/1243
e Presidential Circular, Su Verimliligi Strateji Belgesi ve Eylem Plani (2023-2033) (Water Efficiency Strategy Document

and Action Plan). Official Gazette 4 May 2023. https://www.resmigazete.gov.tr/eskiler/2023/05/20230504-6.pdf

e Ministry of Environment, Urbanization and Climate Change. Su Kirliligi Kontrol(i Yénetmeligi (Water Pollution Control
Regulation). Official Gazette 31.12.2004, No. 25687 (amendments of 17.12.2022 and 23.10.2025).

e Ministry of Environment, Urbanization and Climate Change. Kentsel Atiksu Aritimi Yénetmeligi (Urban Wastewater
Treatment Regulation). Official Gazette 08.01.2006, No. 26047.

e Mevcut En lyi Teknikler Tebligleri (Best Available Techniques Communiqués, including the Chemical Industry, Other
Manufacturing Activities and other sector communiqués). Official Gazette 30.11.2025, No. 33093.

e Iklim Kanunu (Climate Law, No. 7552). Official Gazette No. 32951, 09.07.2025.

e Organize Sanayi Bolgeleri Kanunu (Organized Industrial Zones Law, No. 4562).

Standards and EU documents

e ISO 46001:2019, Water efficiency management systems, Requirements with guidance for use, and Amd 1:2024
Climate action changes. https://www.iso.org/standard/68286.html

e |SO 46001 second edition work (under development). https://www.iso.org/standard/92424.html

e |SO 14046:2014, Environmental management, Water footprint, Principles, requirements and guidelines.

e European Commission. Commission Implementing Decision (EU) 2019/2031 of 12 November 2019, BAT conclusions
for the food, drink and milk industries.

e European Commission. Commission Implementing Decision (EU) 2022/2508 of 9 December 2022, BAT conclusions
for the textiles industry.

e European Commission. Commission Implementing Decision (EU) 2016/902 of 30 May 2016, BAT conclusions for
common waste water and waste gas treatment/management systems in the chemical sector.

e European Commission, JRC. Reference Document on Best Available Techniques for Industrial Cooling Systems
(2001).

Calculation basis

e Lesson 15 material, CO2 emission factor for natural gas 56,100 kg/T) (IPCC 2006, Volume 2, Table 2.3).
e All unit prices, investment amounts and plant data in this material are training assumptions.
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