DERS 7: ISO 14046 Su Ayak izi Standardi

Lesson 7: The ISO 14046 Water Footprint Standard

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

Kinye Aciklama

Hedef Ogrenciler, sanayi calisanlari ve uzmanlar

kitle

Bu ISO 14046'nin mantigi, dort asamali degerlendirme, amag ve kapsam, sistem siniri ve islevsel birim, su envanteri, su akis
materyalin  semasi ve kitle denkligi, su ayak izi profili ve tek deger, su kithgi etkisi (AWARE), su kalitesi etkileri, gri su kavraminin siniri,
kapsami karsilastirmali iddia kurallari ve boyanmis kumas 6rnegi

Ornek Bu materyaldeki tim hesap 6rneklerinin sayilar egitim verisidir. Gergek sirket ya da gergek havza verisi degildir

verisi

Bilgi Eylul 2026

guncelligi

ilgili Ders 6 (mavi, yesil ve gri su ayak izi bilesenleri, dogrudan ve dolayh su kullanimi). Ders 8 (kritik noktalardan sanayide su
dersler verimliligi, proses iyilestirmesi, geri kullanim, izleme ve uygulama planina gegis)

Ogrenme ciktilari

Bu materyali tamamlayan kisi sunlar yapabilir:

e |SO 14046'nin ne oldugunu ve ne olmadigini aciklar. Standardin bir 6lcim ydntemi, etiket ya da sertifika olmadigini
ayirt eder.

e DOrt asamayi (amac ve kapsam, su ayak izi envanteri, etki dederlendirmesi, yorumlama) ve bunlarin yinelemeli
yapisini tanimlar.

o Uriin, proses, tesis ve kurulus diizeyinde amac, kapsam, sistem siniri ve islevsel birim belirler.

e Su envanterini kaynak, ¢ikis, i¢ geri kullanim ve veri kalitesi agisindan kurar.

e Su kitle denkligini birimleriyle hesaplar, kapanmayan farki yorumlar ve i¢ geri kullanimin ¢ift sayilmasini énler.

e Su ayak izi profili ile tek degerli sonucu, orta-nokta ile ug-nokta gostergelerini ayirt eder.

o AWARE ydnteminin ne 6lctiguna, karakterizasyon faktor araligini (0,1 ile 100) ve I1SO 14046 igin zorunlu olmadigini
aciklar.

e Su kalitesi etkilerini (6trofikasyon, asidifikasyon, ekotoksisite) ve gri su gostergesinin ISO 14046'daki sinirini acgiklar.

e Karsilastirmali iddia icin gereken kosullari sayar ve boyanmis kumas 6rneginde kritik noktalari bulur.

1. Giris: Olciilen litre ile potansiyel etki

Bir tesisin ne kadar su cektigini bilmek, suyla ilgili gevresel etkisini bildigimiz anlamina gelmez. Ayni miktardaki su
kullanimi, suyun bol oldugu bir havzada ve su stresi ylksek baska bir havzada ayni sonucu dogurmaz. Benzer bicimde,
yalnizca atiksu miktari da su kalitesi Uzerindeki baskiyi tek basina agiklamaz.

Ders 6'da su ayak izinin mavi, yesil ve gri bilesenlerini, dogrudan ve dolayh su kullanimini, ayrica havza ve zaman
boyutunun énemini 6grendik. Bu derste bir sonraki adima gegiyoruz. ISO 14046, suyla iliskili miktarlari bir yasam dongUsi
degerlendirmesi (YDD, LCA) icinde ele alarak bunlarin potansiyel cevresel etkilerini dederlendirmeyi amaclar.

Bu materyalde su sorulara yanit aranir:

e Standardin temel mantigi nedir ve neyi kapsamaz?

e Amac ve kapsam nasil belirlenir, Urtin, proses, tesis ve kurulus ¢alismalari nasil ayrlir?
e Su envanteri nasil kurulur ve su akis semasi ile kitle denkligi neden gerekir?

e Su miktari ve su kalitesi bilgileri havza kosullariyla birlikte nasil yorumlanir?

e Sanayi kuruluslari sonuglardan nasil dncelik alanlar ¢ikarir?

2. 1SO 14046 nedir, ne degildir?

Standardin tam adi ISO 14046:2014, Environmental management — Water footprint — Principles, requirements and
guidelines bicimindedir. Turkgesi, cevre yonetimi kapsaminda su ayak izi icin ilkeler, gereklilikler ve kilavuzdur. Standart
Grlnlerin, proseslerin ve kuruluslarin su ayak izi degerlendirmesini yasam dénglisi dederlendirmesi yaklasimina



dayandirir. Calisma bagimsiz bir su ayak izi degerlendirmesi olarak yapilabilir ya da daha genis bir cevresel
degerlendirmenin parcasi olabilir.

Standardin temel ozellikleri

e Yasam dongiisu temelli: ISO 14040 ve ISO 14044'teki YDD cercevesini izler.

o Etki odakli: Su ayak izi, suyla ilgili potansiyel cevresel etkileri nicelendiren gostergelerdir. Yalnizca hacim toplami
degildir.

o Cografi ve zamansal boyut icerir: Suyun nerede ve ne zaman kullanildigi sonucu belirler. Hidrolojik bilgi
degerlendirmenin pargasidir.

o Miktar ve kaliteyi birlikte ele alir: Su kullaniminin yaninda su kalitesindeki degisimler de dederlendirilir. Havaya
veya topraga salinan bitln emisyonlar degil, yalnizca su kalitesini etkileyen ilgili emisyonlar dahil edilir.

e Modiilerdir: Yasam dongusinn farkli asamalarina ait sonuclar, sinirlar ve veri kalitesi uyumlu oldugu slirece bir
araya getirilebilir. Bu, farkl galismalarin sonuglarinin kosulsuz karsilastirilabilecegi anlamina gelmez.

e Sonug bicimi esnektir: Sonug tek bir deger ya da etki géstergesi sonuglarindan olusan bir profil olabilir.

Ders 6 ile kopri

Mavi, yesil ve gri bilesenler, Water Footprint Network (WFN) yaklasiminda su kullanimi ve kirlilik baskisini hacimsel bir
dille aciklar. 1ISO 14046 ise su kullanimini ve su kalitesindeki degisimleri, cografi ve zamansal baglam icinde potansiyel
cevresel etkiler olarak degerlendirir. iki yaklasim birbirinin kopyasi degildir. Ayni envanter verilerinden yararlanabilirler,
ancak sorulari, gostergeleri ve yorumlama bigimleri farkhdir.

1SO 14046 icin

Kavram Aciklama
dogru mu? &

Standart Evet Su ayak izi degerlendirmesinin nasil tasarlanacagi, yuritilecegi ve raporlanacadi
icin ilke, gereklilik ve kilavuz verir

Tek bir evrensel ISO su ayak Hayir Sonug, amaca ve segilen etki degerlendirme yontemine gore tek gosterge ya da
izi sayisi gosterge profili olur

Olclim cihazi ya da tek hesap  Hayir Karakterizasyon modeli ve katsayi seti dayatiimaz

yontemi

Uriin etiketi Hayir Sonucun etiket ya da beyan olarak iletisimi standardin kapsami disindadir
Otomatik sertifika ya da Hayir Bagimsiz kritik gdzden gegirme yapilabilir, ancak standart kendiliginden sertifika
gecer-kalir puani vermez

Giincel durum (Eyliil 2026): 1ISO 14046'nin siiriim durumu. I1SO sayfasina gore standart Ajustos 2014'te
yayimlanmistir (Edition 1, ISO/TC 207/SC 5). Son olarak 2020'de gézden gegirilip teyit edilmistir ve mevcut surim
olarak yururluktedir. 30 Eyltl 2026'da yapilan kontrolde asama 90.60 (gdzden gecirme kapandi) gérinmektedir. Yani
bes yillik sistematik gézden gecirme déngusindedir ve teyit, revizyon ya da geri cekme karari sayfada henlz
yansimamistir. Sayfada yeni bir revizyon calismasina dair kayit bulunmamistir. Avrupa'da standart EN ISO
14046:2016 olarak kabul edilmistir ve Turkiye'de TS EN ISO 14046 adiyla kullanilmaktadir. SGriim durumu
degisebilecedi icin calisma oncesinde I1SO sayfasi kontrol edilmelidir.

3.1S0O 14046, ISO 14040/14044 ve I1SO 14067 iliskisi

ISO 14046, badimsiz bir yontem degil, YDD standart ailesinin bir Uyesidir.

Standart Konusu 1SO 14046 ile iliskisi

ISO YDD ilkeleri ve cercevesi ISO 14046 ayni Urlin sistemi ve asama mantigini kullanir
14040:2006

I1SO YDD gereklilikleri ve kilavuzu (amag ve kapsam, envanter, etki ISO 14046 bu cergeveyi su konusuna uyarlar.

14044:2006 degerlendirmesi, yorumlama, raporlama, kritik gézden gegirme) Karsilastirma ve kritik gézden gegirme kurallari ISO
14044'ten gelir

1SO Uriinlerin karbon ayak izi Kardes standarttir. Ayni YDD iskeletini kullanir, ancak tek
14067:2018 bir etki kategorisine (iklim degisikligi) odaklanir
ISO/TR ISO 14046'nin naslil uygulanacagina dair aciklayici 6rnekler Teknik rapordur. Gereklilik degil, érnek icerir. Ornekler tek

14073:2017 olasi uygulama yolu degildir ve bazi verileri kurgusaldir



Karbon ayak izi ile su ayak izi arasindaki temel fark

Karbon ayak izinde her yerde salinan bir kilogram sera gazi iklime ayni kliresel etkiyi yapar. Bu ytzden sonug tek bir
saylya (COze) indirgenir. Suda ise ayni litrenin etkisi havzaya, mevsime ve su kalitesine gore degisir. Bu nedenle su ayak
izinde cografi ve zamansal ¢6zinUrluk, etki modelinin secimi ve bazen bir gosterge profili belirleyicidir.

Guincel durum (Eyliil 2026): I1SO sayfasina gore 1ISO 14040:2006 ve ISO 14044:2006 2022'de teyit edilmistir. ISO
14040'in Amd 1:2020 degisikligi, ISO 14044'Un Amd 1:2017 ve Amd 2:2020 degisiklikleri vardir. ISO 14067:2018 igin
2024'teki gozden gegirme sonrasi revizyon gerekli bulunmus ve ISO/WD 14067.2 calisma taslagi listelenmistir. Bu
derste yurarlukteki 2018 strimu esas alinir.

4. Degerlendirmenin doért asamali mimarisi

ISO 14046 degerlendirmesi, YDD'nin temel asamalarini izler.

Asama Temel soru Ana cikti
1. Amag ve Calisma neden yapiliyor, sonucu kim kullanacak, hangi karar Amacg, hedef kullanici, islevsel birim, sistem
kapsam destekleniyor? Uriin, proses, tesis ya da kurulus mu? Sistem siniri ve siniri, referans dénemi

karsilastirma temeli nedir?

2. Su ayak izi Hangi su, nerede, ne zaman, hangi kalitede girdi ve gikti? Kaynak, giris, ¢ikis, tiketim yolu, desarj, kirletici
envanteri ylk, konum ve zaman bilgisi, enerji ve tedarik
zinciri verisi
3. Etki Bu miktarlar ve kalite degisimleri hangi potansiyel cevresel etkiye Secilen yontemle karakterize edilmis gosterge
degerlendirmesi = karsilik gelir? sonuglari (tek deger ya da profil)
4. Yorumlama Sonug¢ hangi surecglerden kaynaklaniyor, hangi veri ve varsayima Kritik noktalar, belirsizlik ve duyarlilik
duyarli, hangi iyilestirme éncelikli? degerlendirmesi, sonug ve oneriler

Yinelemeli siirecg

Bu asamalar birbirinden kopuk, tek yoénli bir Gretim hatti degildir.

e Envanter sirasinda veri bulunamazsa kapsam yeniden gézden gecirilebilir.
e Etki sonuclari anlamsiz goriinlyorsa cografi ¢dzinirlik ya da sistem siniri kontrol edilebilir.
e Yorumlama sonucu, veri toplamanin hangi noktada derinlestiriimesi gerektigini gdsterebilir.

Bu nedenle ¢alisma dogrusal degil, yinelemeli bir strectir.
Raporlama ve veri kalitesi butin asamalara yayilir

Raporlama yalnizca en sonda yapilan bir yazim isi degildir. Kullanilan verilerin kaynadi, hesaplama tercihleri, sinirlar,
disarnda birakilan sirecler ve belirsizlikler calisma boyunca kaydedilmelidir. Sonuclar dis karsilastirmada kullanilacaksa
yontem uyumu ve badimsiz kritik gézden gecirme ihtiyaci daha da 6nem kazanir (B6lUm 13).

5. Amag, kapsam ve degerlendirme duzeyi

Su ayak izi calismasinin kalitesi, veri toplamaya baslamadan énce sorulan sorulara baghdir. ISO 14046'nin ilk disiplini
hesap yapmak degil, karar sorusunu dogru kurmaktir. Amac ve hedef kullanici belirsizse, cok veri toplanmasina
ragmen karar vermeye yaramayan bir calisma ortaya cikabilir.

Amag degistiginde kapsam ve veri ihtiyaci da degisir. Firma sunlardan hangisini amaglyor olabilir:

e Bir Grlinin tedarik zincirindeki kritik su etkilerini bulmak.
e Bir tretim prosesini alternatif teknolojiyle karsilastirmak.
e Tesisin havza riskine maruziyetini anlamak.

e Kurulus dizeyinde performansi izlemek ve raporlamak.

Tipik karar sorusu Sinir ve veri odagi
Uriin Bu Uriinin yasam dénglsiinde hangi su etkileri kritik?  islevsel birim, yasam dénglisii asamalari, tedarik zinciri veri setleri
Proses  Bu Uretim adimi alternatif teknolojiyle Belirli bir adim: yikama, boyama, sogutma ya da buhar tretimi gibi

karsilastirildiginda nasil?



Tesis Tesis hangi havzadan ne kadar ¢ekiyor, nereye
veriyor?

Kurulus Birden fazla tesis ve Grlin grubu genelinde
performansimiz nedir?

Su gekimleri, tiketim yollari, desarjlar, yerel havza baglantisi

Birden fazla tesis, UrlGin grubu, enerji kullanimi, satin alinan girdiler, deger
zinciri iliskileri

Hedef kullanici

Sonucun kimin icin hazirlandigr acik¢ca yazilmalidir: i¢c yonetim karari, musteri talebi, sirdurtlebilirlik raporlamasi ya da
Urtinler arasinda dis karsilastirma. Hedef kullanici, gereken kanit duzeyini belirler.

Referans donemi

Referans dénemi kapsamin parcasidir. Yalnizca yillik ortalama kullanmak, kurak mevsimdeki kisa fakat kritik baskiyi
gizleyebilir. Yeni bir proses yatirimi dederlendiriliyorsa mevcut durum ile beklenen yeni durumun hangi tGretim hacmi ve
kalite dizeyinde karsilastirildigi agik olmalidir.

6. Sistem siniri, islevsel birim ve karsilastirilabilirlik

Sistem siniri, degerlendirmeye hangi faaliyetlerin ve yasam déngiisii asamalarinin dahil edilecegini belirler. islevsel
birim, sonuclarin hangi ortak temele gére ifade edilecegini belirler. Ornek: belirli kalite ve performans ézelliklerine sahip
bir ton boyanmis kumas. Yalnizca bir Griin demek yeterli bir karsilastirma temeli degildir.

Uc sinir yaklasimi (pamuklu tekstil 6rnegi)

Yasam donguUsi zinciri: hammadde, enerji ve kimyasal, Gretim, dagitim, kullanim, yasam sonu.

Yaklasim Kapsadigi asamalar

Gucla yani Sinin

Kapidan Yalnizca segilen tesis ya da proses
kapiya icindeki akislar

Operasyonel iyilestirme igin yararhidir Hammadde ve enerji Gretimindeki

dolayli su etkilerini disarida birakabilir

Besikten Hammaddenin elde edilmesinden Tarimsal hammadde, madencilik, enerji,
kapiya UrlnUn fabrika kapisindan gikisina kadar kimyasal ve ambalaj girdilerini yakalar

Kullanim ve yasam sonunu kapsamaz

Ornegin sik yikama gerektiren tekstil
Urdndnde kullanim asamasini gérinir kilar

Besikten  Dagitim, kullanim ve yasam sonu da
mezara dahil

Veri ihtiyaci ve belirsizlik artar
Sinirin genis olmasi her zaman daha iyi oldugu anlamina gelmez. Sinir, calismanin amaciyla uyumlu olmalidir. Ancak
kapsam disinda birakilan énemli strecler acgikga belirtilmeli ve sonucun anlami buna gore sinirlandirilmahdir.
Karsilastirilabilirlik

Karsilastirma yapilacaksa islevsel birim, sistem siniri, veri dénemi, kalite varsayimlari ve etki degerlendirme yontemi
uyumlu olmahdir. Bir kilogram Grln ile bir kullanim hizmeti ayni karsilastirma temeli degildir. Ayni tesis icin farkl sinir ve
temeller kullanilirsa birbirinden oldukga farkl fakat kendi iginde tutarli sonuglar elde edilebilir.

Tahsis

Bir proses birden fazla trin Uretiyorsa su akislarinin Grlinlere nasil daditilacagi aciklanmahdir. Sira soyledir: 6nce
mumkunse sureg ayristirilir ya da sistem genisletilir. Tahsis gerekiyorsa secilen yaklasim seffaf bicimde gerekgelendirilir.

Kesme olciitleri

Kapsam disinda birakilan kiguk akislar igin kesme 6lgutleri kullaniliyorsa bunlarin toplam sonucu 6nemli élcide
degistirmedigi gerekcelendirilmelidir. Ozellikle su yogun bir hammaddeyi yalnizca satin alma tutar disik oldugu icin
disarida birakmak yanlis dnceliklendirmeye yol acgar.

7. Su envanteri: hangi veriler toplanmahdir?

Envanter asamasi, su ayak izi degerlendirmesinin veri temelidir. Fakat yalnizca aylik su faturasini toplamak yeterli
degildir.

Girisler



« Kaynaklar ayri tanimlanir: ylizey suyu, yeralti suyu, sebeke suyu, toplanan yagmur suyu ve baska bir kurulustan
gelen geri kazanilmis su ayni kategoriye yazilmaz. Sebeke suyunun mimkiinse asil kaynagi ve hizmet verdigi havza
da arastinlir.

o Miktar, tarih ve konum birlikte kaydedilir. Olciim sayactan mi geliyor, hesaplamaya mi dayaniyor, tahmin mi?
Veri sikligr gunlik, aylk ya da yillik mi? Mevsimsel degisimi gorecek ¢ézinarluk var mi?

Cikislar

Arntilmis ya da antilmamis desarj, kanalizasyona verilen su, ylzey suyuna birakilan akis, baska tesise transfer,
buharlasma, GrGne katilma ve depolama degisimi ayri ayri izlenir.

ic geri kullanim

ic geri kullanim dogru gdsterilmelidir. Ayni su proses icinde bes kez dolasiyorsa bu bes ayri yeni su cekimi degildir. ic
dolasim operasyonel verimlilik icin 6nemlidir, ancak dis kaynaktan alinan suyla karistirilirsa envanter siser.

Su kalitesi verisi

Yalnizca atiksu hacmi yetmez. Calismanin kapsamina gore ilgili kirleticilerin yUkleri, konsantrasyonlari, aritma
performansi, desarj noktasi ve alici ortam bilgisi gerekir. Sicaklik degisimi gibi su kalitesini etkileyen fiziksel 6zellikler de
baglama gore 6nemli olabilir.

Tedarik zinciri

Enerji, hammadde, kimyasal, ambalaj ve tasima verileri suyla iliskili yasam ddngusu veri setlerine baglanir.

Birincil ve ikincil veri

Veri tiiri Kaynak érnekleri
Birincil Tesis sayaclari, laboratuvar analizleri, satin alma kayitlari, tedarikgi bilgileri
ikincil YDD veri tabanlari, sektoér calismalari, bolgesel istatistikler

Hangisinin kullanildigr agikca belirtiimelidir.
Veri kalitesi

Veri kalitesi degerlendirilirken teknolojik temsil gticli, cografi uygunluk, zaman bakimindan gtncellik, 6lcim dogrulugu,
eksiksizlik ve tutarhlik birlikte dastnultr. Turkiye'deki glincel bir Gretim hattini baska bir kita ve eski teknolojiye ait
ortalama veriyle temsil etmek mimkun olabilir, fakat yaratacagi belirsizlik sonugla birlikte agiklanmalhdir.

iyi envanterin dért 6zelligi: kaynaklar ayristirir, miktar ve kaliteyi birlikte ele alir, cografi ve zamansal baglami
korur ve veri kalitesini gorunur kilar.

..

8. Su akis semasi ve su kutle denkligi

Su akis semasi, envanteri anlasilir bir sistem haline getirir. Suyun kaynaktan tesise nereden girdigini, hangi sayaclardan
gectigini, hangi proseslerde kullanildigini, nerede geri dolastirildigini ve hangi yollarla sistemden ciktigini gésterir. lyi bir
sema yalnizca boru hattini cizmez. Su kaynagini, havzayi, 6lcim noktasini, miktar bilgisini, kalite degisimini ve alici ortami
birbirine bagdlar.

Kiitle denkligi

En temel dizeyde toplam su girisi, toplam su ¢ikislari ile sistemdeki depolama degisiminin toplamina esit olmalidir.

Toplam giris = Toplam ¢ikis + Depolama degisimi
Kapanmayan fark = Toplam giris - Toplam ¢ikis - Depolama degisimi

Birimlerin hepsi ayni olmalidir (6rnegin m3/yil) ve ayni dénemi kapsamalidir. Depolama degisimi, tank, havuz ve benzeri
stoklarin donem sonu ile donem basi farkidir. Stok artisi pozitif alinir.



e Cikislar yalnizca atiksudan olusmaz. Buharlasma, trine katilan su, baska bir sisteme transfer, antilmis desarj, sizinti
ya da olcilmeyen akislar da denklemin pargasi olabilir.

o ic geri kullanim miktari ayrica izlenir, ancak ayni suyun sistem icinde tekrar dolasmasi yeni dis su girisi olarak
sayllmaz.

e Kapanmayan fark kirmizi uyari degil, nétr bir veri acigi olarak ele alinir. Denkligin kapanmamasi hemen bir ¢evresel
ihlal anlamina gelmez. Sayacg dogrulugu, farkli 6lcim dénemleri, stok degisimi, buharlasma tahmini ya da kayitsiz
yan akislar fark yaratabilir. Asil amag farki saklamak degil, kaynagini arastirmaktir.

Hesap ornegi: boyama tesisinin yillik su denkligi

Asagidaki degerler egitim verisidir. Tesis yilda 1.200 ton kuru kumas boyamaktadir.

Kalem Yon Miktar (m3/yil) Not

Yeralti suyu (kuyu) Giris  140.000 Sayag

Sebeke suyu Giris  45.000 Sayag

Toplanan yagmur suyu Giris  2.000 Tahmin

Disaridan geri kazanilmis su Giris  13.000 Sayag

Toplam giris 200.000 140.000 + 45.000 + 2.000 + 13.000
Artilmis desarj (ylzey suyu) Cikis  125.000 Sayag

Kanalizasyona verilen su Cikis  26.000 Sayag

Buharlasma (buhar, kurutma, sogutma) Cikis 41.000 Hesap ve tahmin

Uriinle tasinan su Cikis 96 1.200 t x 0,08 t su/t kumas (egitim varsayimi nem orani). 1t su =1 m3
Toplam cikis 192.096 125.000 + 26.000 + 41.000 + 96
Depolama degisimi (stok artisi) 1.500 Tank ve havuz seviyesi
Kapanmayan fark 6.404 200.000 - 192.096 - 1.500

Kapanmayan fark orani = 6.404 m3 + 200.000 m3 = %3,2

Yorum: Fark, toplam girisin ylzde 3,2'sidir. Kabul edilebilir fark esigi calismada dnceden belirlenmelidir. Bu egitim
ornedinde esik varsayimi yoktur, asil mesaj farkin kaynaginin arastiriimasidir. Olasi kaynaklar arasinda yagmur suyu
tahmininin belirsizligi ve buharlasma tahmini sayilabilir.

ic geri kullanimin cift sayilmasi. Tesiste sogutma ve durulama suyu olarak yilda 75.000 m? su i¢ déngiide dolassin. Bu
su dis kaynaktan alinmaz. Yanlislkla giris olarak eklenirse giris 275.000 m3 goértnur ve envanter ytzde 37,5 siser. Birim
basina ¢ekim de yanlis hesaplanir:

Yaklasim Giris (m3/yil) Cekim yogunlugu (m3/t kumas)
Dogru: yalnizca dis kaynakl giris 200.000 200.000 + 1.200 = 166,7 166,7 m3/t (166,7 L/kg)
Yanhs: i¢ geri kullanim da eklendi 275.000 275.000 + 1.200 = 229,2 Yuzde 37,5 fazla

Tuketim ve kapanmayan farkin duyarhhigi. Uygulamada su tiketimi, ¢cekilen suyun ayni havzaya geri veriimeyen
kismi olarak ele alinir. Tanim secilen yénteme ve veri tabanina gore degisebilecedi icin calismada acikca yazilmahdir. Bu
ornekte artilmis desarj ile kanalizasyona verilen suyun ayni havzaya dondigu varsayilir. Bu varsayim da raporlanmaldir.

Tiiketim = Buharlasma + Uriinle tasinan su = 41.000 + 96 = 41.096 m3/y1l

Tiketim / ton kumas = 41.096 + 1.200 = 34,25 m3/t

Kontrol: Cekim - Geri verilen - Depolama = 200.000 - 151.000 - 1.500 = 47.500
Tiketim + Kapanmayan fark = 41.096 + 6.404 = 47.500

Kapanmayan farkin tamami buharlasma ciksaydi tiketim 47.500 m3/yil (39,58 m3/t) olurdu. Yani sonug yuzde 15,6 artardi.
Bu nedenle fark kapatilmadan etki degerlendirmesine gegmek sonucun belirsizligini gérintr kilmayi gerektirir.

Sema ve denkligin uc islevi

1. Envanterin tutarlihdini kontrol eder.
2. Olcim eksiklerini ve veri kalitesi sorunlarini gésterir.
3. Ylksek cekim, tiketim, kayip ya da kirlilik yikinin hangi proseste yodunlastigini ortaya cikarir.



Sema sayag planinin gelistiriimesine de yardimci olur. Tesis girisinde tek sayag toplam ¢ekimi gdsterir ama hangi prosesin
tiketim yarattigini aciklamaz. Ana kullanim noktalarinda alt sayaclar ve diizenli kalite 6lcimleri olmadan iyilestirmenin
etkisi guvenilir bicimde izlenemez.

Onemli sinir: Kitle denkligi tek basina 1ISO 14046 su ayak izi sonucu degildir. Bu calisma miktarlari diizenler.
Potansiyel cevresel etkiyi anlayabilmek icin cografi, zamansal ve kalite baglamiyla etki degerlendirmesine gecmek
gerekir.

9. Envanterden potansiyel cevresel etkiye

Etki degerlendirmesi, envanterdeki litreleri ve kirletici yUkleri karar acisindan anlamli cevresel géstergelere déntstrir.
Temel islem karakterizasyondur. Su kullanimi, gergeklestigi havzanin su erisilebilirligi, mevsimsel kosullari, ekosistem
gereksinimleri ve diger kullanicilarin talebiyle iliskilendirilir. Bu ylizden ayni miktarda su tiketimi icin farkl boélgelerde
farkli karakterizasyon sonugclari olusur.

Etki gostergesi sonucu = Envanter miktari x Karakterizasyon faktori

Miktar ve su kalitesi iki ayr kanaldan ilerler. Miktar kanalinda su tiketimi havzanin kitlik durumuyla, kalite kanalinda
salinan maddeler alici ortam ve secilen etki yolu ile iliskilendirilir.

Orta-nokta ve uc¢-nokta

Diizey Anlami Ornek
Orta- Neden-sonug zincirinin ara halkasi Su kithgi ya da suya erisilebilirlik Gizerindeki potansiyel baski. Otrofikasyon
nokta potansiyeli
Ug-nokta = Zincirin sonundaki daha ileri potansiyel insan saglig ve ekosistemler izerindeki potansiyel sonuclar
sonuglar

Zincir séyle okunur: su tiketimi, orta-nokta su kitligi potansiyeli, uc-nokta insan sagligi ve ekosistem sonuclari. Her ISO
14046 calismasinin ug-nokta sonucu Uretmesi gerekmez.

Su ayak izi profili ve tek degerli su ayak izi

ISO 14046'nin kapsam tanimina gore su ayak izi degerlendirmesinin sonucu, tek bir deger ya da etki gostergesi
sonuglarindan olusan bir profil olabilir.

Sonug bicimi Ne zaman uygun? Dikkat

Tek degerli su  Karar vericiye tek sayi gerektiginde, ilgili etkiler tutarl bigimde Farkli etki kategorilerini bir araya getirmek
ayak izi birlestirilebildiginde onemli bilgileri gizleyebilir

Su ayak izi Birden ¢ok etki kategorisi (6rnegin su kithgi, étrofikasyon, ekotoksisite)  Okumasi daha zordur, ancak édunlesimleri
profili ayri ayri gorilmek istendiginde gOsterir

Nitelendirici ad kurah

ISO 14046'ya gore yalnizca sinirh bir etki gostergesine dayanan ¢alisma, sonucuna tek basina su ayak izi demez. Kapsami
belirten bir nitelendirici kullanir. Ornekler: su kithdi ayak izi, su étrofikasyon ayak izi. Yalnizca envanter sonucu (8rnegin
m3/ton) ise su ayak izi degil, su envanteri sonucudur.

Su ayak izi ile su riski farkhdir

Etki degerlendirmesi cevresel sonuclara odaklanir. Firmanin Uretim kesintisi, maliyet, mevzuat ya da itibar riskiyle
karsilasmasi iliskili olabilir ancak ayni kavram degildir.

Yontem secimi

ISO 14046 tek bir karakterizasyon modeli ya da zorunlu katsayi seti dayatmaz. Secilen ydntemin ¢alismanin amaciyla
uyumlu, bilimsel olarak gerekgelendirilmis, cografi ve zamansal agidan uygun ve seffaf bicimde raporlanmis olmasi
gerekir.



Bu boliimiin ana mesaji: ISO 14046'da suyun miktari dnemlidir, fakat miktarin nerede, ne zaman ve hangi kalite
degisimiyle iliskili oldugu sonuc lzerinde belirleyicidir.

10. Su kithg! etkisi ve AWARE yontemi

Su tiketiminin su kitligiyla iliskili potansiyel etkisini orta-nokta diizeyinde degerlendirmek igin yaygin kullanilan uzlasi
yontemlerinden biri AWARE (Available WAter REmaining) yontemidir. AWARE, UNEP-SETAC Yasam Dongusu Girigsimi
blnyesindeki WULCA (Water Use in Life Cycle Assessment) calisma grubu tarafindan gelistirilmistir. Yontemin tanitimi
Boulay ve digerleri (2018) calismasindadir.

AWARE yalnizca somut bir yontem ornegidir. ISO 14046'nin zorunlu yontemi degildir. AWARE bir ug-nokta
yontemi degildir ve butin su etkilerini kapsayan tek yéntem de degildir.

AWARE neyi olcer?

AWARE, bir havzada insanlarin ve sucul ekosistemlerin talebi karsilandiktan sonra alan basina kalan su miktarini dlcer.
Kalan su ne kadar azsa, o havzada tiketilen bir metrekiplin baska kullanicilardan yoksun biraktigi su miktari o kadar
blyUktar.

Ozellik Deger

Karakterizasyon faktort (KF) birimi m? diinya esdegeri / m? tiketilen su

KF arahgi 0,1ile 100

KF=1 Alan basina kalan su miktari diinya ortalamasina esit olan boélge

KF =10 Dinya ortalamasina gore alan basina 10 kat daha az kalan su

Cozunurlak Alt havza dlzeyinde ve aylik zaman adimiyla hesaplanir, Glke ya da yillik dlgege toplulastirilabilir
Kullanim turd Tarimsal ve tarim disi kullanim icin ayrn KF setleri vardir

Tilketim agirlikli diinya ortalamasi Belirtilmemis kullanim icin 43, tarim disi icin 20, tarimsal icin 46 (WULCA)

Kapsam Yalnizca su tiketiminin kitlk yon(. Su kalitesi etkilerini kapsamaz

KF, diinya ortalamasindan fazla ya da az bir kithgi gosteren géreli bir degerdir ve iki ugta sinirlanmistir. Kalan su sifir ya
da negatif ise KF Ust sinir olan 100 alinir. Bu ylizden AWARE, bir havzanin kithgini mutlak bir élgekte degil, diinya
ortalamasina gore ifade eder.

Neden konum ve zaman énemlidir? Hesap ornegi

Ayni 1.000 m?3 su tUketimi iki havzada farkli sonucg verir. KF degerleri egitim verisidir ve gercek bir havzaya ait degildir.

Tuketim (m3) KF (m3 diinya esdegeri / m3) Sonug (m?3 diinya esdegeri)
A: su bol 1.000 2 1.000 x 2 = 2.000
B: su stresi ylksek 1.000 50 1.000 x 50 = 50.000

Ayni hacim, B havzasinda 25 kat (50 + 2) daha yUksek potansiyel su kitligi etkisi gésterir. Birim kontroli: m3 x (m?3 dinya
esdegeri / m3) = m3 dlinya esdederi.

AWARE sonucunu yorumlarken

e Sonug bir orta-nokta gostergesidir. insan sagligi ya da ekosistem kaybi gibi uc-nokta sonucu olarak
sunulmamalhdir.

o Aylik ve yillik KF arasinda segim yapilmasi, kurak mevsimdeki baskinin gérinmesini etkiler. Segim
gerekgelendirilmelidir.

e TUketim konumu belirsizse (6rnegin tedarik zinciri) Gilke ortalamasi ya da belirtilmemis kullanim KF'si kullanilabilir.
Bu, belirsizligi artirir ve raporlanmahdir.



Giincel durum (Eyliil 2026): AWARE?2.0. Seitfudem ve digerleri (2025, Journal of Industrial Ecology, 29, 891-907)
AWARE'In giincellenmis strimid AWARE2.0'l yayimlamistir. Makalede, Boulay ve digerleri (2018) yazarlarina
danisildiktan sonra AWARE2.0'iIn AWARE'In halefi olarak dnerildigi belirtilir. Yeni stirimde su erisilebilirligi verisi 1990-
2019 dénemine, tiiketim envanteri 2019'a dayanir (6nceki sirimde 1960-2010 ve 2010). KF araligi iki sirimde de
0,1 ile 100'diir. Kullandiginiz YDD yazilimi ya da veri tabani hangi siirimii iceriyorsa raporda siriim belirtilmelidir. iki
striimin sonuglari dogrudan karsilastiriimamalidir.

11. Su kalitesi etkileri

Su kalitesi tarafinda desarj edilen maddelerin tirt, yika, alici ortam ve segilen etki yolu 6nemlidir. Yalnizca toplam atiksu
hacmine bakmak yeterli degildir. ISO 14046, su kalitesini (fiziksel, kimyasal ve biyolojik 6zellikler) miktar kadar ele almay:
bekler ve hangi etki kategorilerinin secilecedini calismanin amacina birakir.

Etki
! . Ne anlatir? Sanayiden 6rnek kaynak
kategorisi
Otrofikasyon = Azot ve fosfor gibi besin maddelerinin alici ortamda asiri alg gelisimi ve oksijen azalmasi Azotlu ve fosforlu desarijlar,
yaratma potansiyeli gida ve tekstil atiksulari

Asidifikasyon Asidik etkiye yol agan maddelerin (6rnegin kikirt ve azot oksitleri) ekosistemlerde asitlesme = Yakma ve kimyasal
potansiyeli. ISO 14046 kapsaminda yalnizca su kalitesini etkileyen emisyonlar dahil edilir prosesler

Ekotoksisite = Metal ve organik kirleticilerin sucul ekosistemlere toksik etki potansiyeli Metal ylizey isleme, boya ve
kimyasal kullanan prosesler

Kategorilerin birimleri yonteme gore dedisir (6rnedin otrofikasyon icin fosfor esdegeri, ekotoksisite icin toksik birim). Bu
nedenle sonuclar kategori icinde yorumlanir ve kategoriler arasi toplanmaz.

Su kalitesi degerlendirmesinde sunlar ayri tutulur:

o Gergek atiksu hacmi (m3).
o Kirletici konsantrasyonu (mg/L).
o Kirletici yuku (kg), yani konsantrasyon ile hacmin birlikte ele alinmasiyla bulunan miktar.

Aritma performansi yalnizca ¢ikis konsantrasyonuna degil, giris ve gikis yukleri arasindaki degisime bakilarak anlasilir.
Uretim miktari degisiyorsa mutlak yUk ile Griin basina y(ik birlikte izlenmelidir. Desarjin gerceklestigi alici ortam da
onemlidir. Ayni yik farkh akis, arka plan kalitesi ve ekolojik hassasiyete sahip ortamlarda farkli sonuglar dogurur.

Guncel durum (Eyliil 2026): 2016-2026 arasindaki 49 makaleyi inceleyen bir sistematik derleme (Water quality
assessment in ISO 14046 water footprint studies: A systematic review), 1ISO 14046 calismalarinda en sik tatli su
otrofikasyonu, tath su ekotoksisitesi ve su kithdinin raporlandigini bulmustur. Derleme, su kithdinin bircok calismada
oncelikli ve bazen tek etki oldugunu, su kalitesinin gérece az ele alindigini da belirtir. ISO 14046'nin miktar ve kaliteyi
birlikte bekledigi dislnlllrse, yalnizca kitlik sonucuna dayanan calisma nitelendirici ad kullanmalidir (B6lUm 9).

12. Atiksu, kirlilik yuka ve gri su kavraminin siniri

Ders 6'da gri su ayak izini, belirli bir kirletici ytuktn kabul edilen su kalitesi siniriyla iliskisini teorik bir tatli su hacmi
Uzerinden gosteren WFN gdstergesi olarak 6grendik. ISO 14046 calismasinda ise gri su hacmi zorunlu ya da
varsayilan sonug degildir.

WFN gri su yaklasimi I1SO 14046 su kalitesi yaklasimi

Mantik Kirletici yuk, kalite standardi, teorik su hacmi Emisyon envanteri, alici ortam, su kalitesi degisimi, segilen etki
gostergeleri

Sonug Hacim (m?3) Etki gostergesi sonucu (6rnegin 6trofikasyon potansiyeli)
Kalite Secilen ortam kalite siniri (en yiiksek kabul edilen ve dogal Secilen etki modeli ve karakterizasyon faktorleri

Olgutd konsantrasyon)

Zorunlu WEFN yaklasiminda temel géstergedir ISO 14046'da zorunlu degildir

mu?



ISO 14046'da suya, toprada ya da havaya salinan ve su kalitesini etkileyen ilgili emisyonlar envantere alinir. Ardindan
bunlarin alici ortam ve secilen etki yontemi icindeki potansiyel sonuclari dederlendirilir. Gri su gostergesi, su kalitesi bilgisi
olarak ayni calisma icinde yan yana kullanilabilir. Ancak ISO 14046 etki gostergelerinin yerine gegiriimemeli ve ayni
sonucmus gibi raporlanmamalidir.

Hesap o6rnegi: yiik, konsantrasyon ve gri su

Boyama tesisinin aritilmis desarji yilda 125.000 m?3 olsun (B&lUm 8 6rnegi). Toplam azot konsantrasyonu egitim verisidir.

Adim islem Sonug

Birim kontroll 1 mg/L=1g/m3 12 mg/L = 12 g/m3

Cikis yaku 125.000 m3/yil x 12 g/m?3 1.500.000 g/yil = 1.500 kg/yil
Aritma girisi yaku 125.000 m3/yil x 40 g/m?3 (giris 40 mg/L) 5.000.000 g/yil = 5.000 kg/yil
YUk azaltimi (5.000 - 1.500) + 5.000 %70 (hacim ayni kabul edilmistir)
Uriin basina yiik 1.500 kg + 1.200 t 1,25 kg/t kumas

WEN gri su hacmi, yukun kabul edilen konsantrasyon farkina bélinmesiyle bulunur:
Gri su hacmi = Yik + (En yiksek kabul edilen konsantrasyon - Dogdal konsantrasyon)

Egitim varsayimi olarak en ylksek kabul edilen konsantrasyon 2 g/m3, dogal konsantrasyon 0,3 g/m?3 alinsin:
1.500.000 g/yil + (2 - 0,3) g/m3 = 882.353 m3/y1l

Bu hacim gercek desarjin yaklasik 7,06 katidir (882.353 + 125.000). Sinir degeri 4 g/m? segilseydi sonug 405.405 m3/yil
olurdu. iki sonu¢ sunu gésterir:

e Gri su hacmi gercek bir su akisi degil, teorik bir seyreltme hacmidir.

e Sonug, segilen kalite sinirina gi¢li bigimde baghdir.

e Bu sayl, ISO 14046 anlaminda bir étrofikasyon etki sonucu degildir. ISO yolunda ayni ylk (kg azot) secilen bir
karakterizasyon modeliyle etki géstergesine gevrilir.

Dikkat: Bu 6rnek seyreltmeyi bir cozim olarak 6nermez. Aritma d6ncesi ve sonrasi yuk, gergek veri akisi olarak izlenir.

13. Karsilastirmal iddia kurallar

Karsilastirmalr iddia, bir Grinln rakip bir Grline gore Ustlin ya da esdeder olduguna dair cevresel beyandir. Su ayak izi
sonuclari tek basina ayni birimde yazilmis olsa da dogrudan kiyaslanamaz. Farkl islevsel birimler, farkli sistem sinirlari,
farkli havza verileri ya da farkl karakterizasyon yontemleriyle hazirlanmis iki sonu¢ bu durumdadir.

Kontrol Karsilastirma icin kosul

islevsel birim Ayni islevi ve kaliteyi temsil etmeli. Bir kilogram trtn ile bir kullanim hizmeti ayni temel degildir
Sistem siniri Ayni yasam dongtist asamalarini kapsamali
Veri donemi ve kalitesi Uyumlu dénem, cografya, teknoloji temsili

Tahsis ve kesme kurallari ~ Ayni kurallar ve acik gerekce

Etki yontemi Ayni yontem ve ayni stirim (6rnedin AWARE ile AWARE2.0 karistiriimaz)

Cografi ve zamansal Ayni dlizeyde (havza ve ay ya da yil)

¢ozunarluk

Kapsam Miktar ve kalite birlikte ele alinmis olmali. Yalnizca sinirli gésterge kullanildiysa nitelendirici ad kullaniimal
Envanter sonucu Yalnizca m3/ton karsilastirmasi su ayak izi karsilastirmasi sayllmaz

Kritik g6zden gegirme Kamuya acik karsilastirmali iddia icin ISO 14044'teki gibi ilgili taraflarin olusturdugu bir panelle bagimsiz kritik

g6zden gecirme beklenir

ic ydnetim icin hazirlanan calisma ile kamuya acik Griin karsilastirmasi ayni kanit ve inceleme diizeyini gerektirmez. Ayni
tesisin yillar icindeki performansi ayni yontemle izlendiginde daha gtvenli karsilastirilir. Kamuya acik karsilastirmali iddia
dusunuliyorsa standardin ve ISO 14044'Un ilgili maddelerinin tam metni okunmalidir. Bu materyal yalnizca ilkeleri



Ozetler.

14. Sanayide 6rnek uygulama: boyanmis kumas degerlendirmesi

Hipotetik bir tekstil firmasi, belirli kalite 6zelliklerine sahip bir ton boyanmis kumasin su ayak izini degerlendirmek istesin.
Surec alti adimdir: amag, sinir, envanter, akis ve denklik, etki degerlendirmesi, kritik noktalar. Tedarik zincirinde pamuk,
elektrik ve kimyasal, tesiste yikama, boyama, buhar ve aritma, havzada su stresi ve alici ortam katmanlari vardir. Tim
sayllar egitim verisidir.

1. Amag Karar sorusu: mevcut tGriiniin en 6nemli su etkilerini bulmak ve iyilestirme seceneklerini 6nceliklendirmek. Hedef
kullanici: i yonetim

2. Sinir Yalnizca boyama tesisi ise kapidan kapiya. Pamuk, iplik, elektrik, kimyasal ve ambalaj da dahilse besikten kapiya. Bu
ornekte besikten kapiya segilir

3. Envanter Yizey, yeralti ve sebeke suyu cekimleri, proses bazl kullanim, buharlasma, Grlinle tasinan su, artilmis desarj, kirletici
yukler, alici ortam. Tedarik zinciri igin pamuk, enerji ve kimyasal verileri uygun YDD veri setleriyle eslestirilir

4. Akis ve Bo6lum 8'deki gibi denklik kurulur ve veri tutarhhgr kontrol edilir. Sonug: tesis tiketimi 34,25 m3/t
denklik
5. Etki Su miktarlari ve kalite degisimleri, ilgili havza ve donem bilgileriyle secilen yonteme aktarilr

degerlendirmesi

6. Kritik Etkinin yogunlastigi yerler belirlenir, iyilestirme secenegi ilgili noktaya baglanir
noktalar

Etki degerlendirmesi 6rnegi

Asagida ton kumas basina mavi su tiketimi ve hipotetik kithk KF degerleri verilir. KF dederleri 0,1 ile 100 arahdinda
secilmis egitim verisidir, gergek bir havzanin AWARE degeri degildir. Pamuk, agirlikla yagmurla beslenen bdlgelerden
gelsin (bu nedenle mavi su tiketimi dtsuktur).

Tiketim (m3/t kumas) KF Sonuc¢ (m3 diinya esdegeri/t) Hacim payi Etki payi
Tesis ici (ylkama, boyama, buhar) 34,25 45 1.541,1 %17,2 %60,2
Pamuk Uretimi 150 4 600,0 %75,3 %23,4
Kimyasal tedariki 3 100 300,0 %1,5 %11,7
Elektrik Gretimi 12 10 120,0 %6,0 %4,7
Toplam 199,25 2.561,1 %100 %100

Yorum: En blyuUk hacim pamuktadir (%75,3), ancak en blyUk potansiyel etki tesis icindedir (%60,2). CUnkU tesis su stresi
ylksek bir havzadadir. Kimyasal tedariki hacimde elektrigin altinda kalir, etkide ise Ustlne cikar. Bu, en biiyiik su
hacminin her zaman en 6nemli kritik nokta olmadigini gosterir. Deger zincirinde etkinin yogunlastigi alanlar su
acisindan kritik noktalardir.

Duyarhilik analizi

Yorumlama asamasinda pamuk verisi, elektrik karisimi ya da havza karakterizasyonu degistiginde siralamanin degisip
degismedigi sinanir. Pamuk havzasinin KF'si degisirse:

Pamuk KF Pamuk sonucu (m3 diinya esdegeri/t) Pamugun etki payi
4 600 2.561,1 %23,4
12 1.800 3.761,1 %47,9
20 3.000 4.961,1 %60,5

Pamuk ile tesis ici sonug, pamuk KF'si yaklasik 10,3 oldugunda esitlenir (1.541,1 + 150). Bu esigin Uzerinde kritik nokta
pamugda kayar. Sonug tek bir belirsiz veriye asiri bagliysa, yatirnm kararindan énce o verinin iyilestirilmesi gerekebilir.

iyilestirme seceneklerini kritik noktaya baglamak

Proses suyu azaltimi, geri kullanim, kimyasal ikamesi, aritma gelistirmesi, tedarikgi degisimi ve havza diizeyinde ortak
calisma farkli sorunlara yanit verir. Ornegin tesis ici tiiketim baskin ise proses suyu azaltimi ve buharlasma kaybinin
dasuridlmesi, pamuk baskin ise tedarikci ve kaynak bdlge secimi 6ne ¢ikar. Bu seceneklerin uygulama planina déntsimu



Ders 8'de ele alinir.

Python ile dogrulama

Asagidaki kod bu materyaldeki hesap 6rneklerinin sayilarini yeniden hesaplar.

from decimal import Decimal as D

# Bolum 8: su kutle denkligi (m3/yil)
giris = D(140000) + D(45000) + D(2000) + D(13000)

kumas t = D(1200)

urun_suyu = kumas t * D(8) / D(100)
cikis = D(125000) + D(26000) + D(41000) + urun_suyu

depo = D(1500)
fark = giris - cikis - depo

print(giris, cikis, urun suyu, fark, fark / giris * 100)

# Ic geri kullanim cift sayimi

yanlis = giris + D(75000)

print(giris / kumas_t, yanlis / kumas t, D(75000) / giris * 100)

# Tuketim ve duyarlilik
tuketim =

D(41000) + urun_suyu

print(tuketim, tuketim / kumas t, giris - D(151000) - depo)

print(tuketim + fark,

# Bolum 14: etki payi tablosu
kalemler =

[ (tuketim / kumas_t, D(45)), (D(150), D(4)),

(tuketim + fark) / kumas t, fark / tuketim * 100)

(D(3), D(100)),

hacim = sum(v for v, k in kalemler)

etki =
for v,

sum(v * k for v,
k in kalemler:

k in kalemler)

print(v, k, v * k, v / hacim * 100, v * k / etki * 100)

print(hacim, etki,

# Bolum 12: yuk ve gri su
yuk_g = D(125000) * D(12)

(tuketim / kumas t) * D(45) / D(150))

print(yuk_g / D(1000), D(125000) * D(40) / D(1000))
gri = yuk_ g / (D(2) - D(3) / D(10))
print(gri, gri / D(125000), yuk g / (D(4) - D(3) / D(10)))

Ahstirmalar (cevaplariyla)

Alistirma 1: Hata avcisi

Asagidaki dokuz hatayi bulun ve diizeltin. Cevaplar tabloda verilmistir.

Hata

1. 1SO 14046'y: Urln etiketi, otomatik
sertifika ya da gecger-kalir puani saymak

2. Su envanteri sonucunu (m3/ton) su ayak izi
gibi sunmak

3. Cografi ve zamansal baglami yok saymak

4. Kutle denkligini su ayak izi sonucu saymak

5. ic geri kullanimi yeni su cekimi olarak
saymak

6. WFN gri su hacmini ISO 14046 su kalitesi
etki sonucu gibi raporlamak

7. AWARE ya da baska bir ydntemi ISO'nun
zorunlu tek yontemi gibi sunmak

8. AWARE sonucunu ug-nokta insan sagligi ya
da ekosistem sonucu gibi sunmak

9. En blyuk hacmi otomatik olarak kritik

Neden sorun

Standart gereklilik koyar, etiket ya da
sertifika vermez. iletisim kapsam disidir

Su ayak izi potansiyel etkiyi nicelendirir.
Envanter yalnizca miktardir

Ayni litre her havzada ve her mevsimde ayni
etkiyi yaratmaz

Denklik miktarlari duzenler, etkiyi agciklamaz

Envanter siser, gekim yogunlugu yanls cikar

Gri su teorik seyreltme hacmidir. ISO etki
gostergesi farkh bir zincirdir

ISO 14046 zorunlu karakterizasyon modeli
dayatmaz

AWARE orta-nokta bir kitlik géstergesidir

Hacim ile potansiyel etki farkli yerlerde

(D(12), D(10))]

Dogrusu

Standart, degerlendirmenin tasarim,
yurutme ve raporlama cergevesidir

Etki degerlendirmesine gecin ya da sonucu
su envanteri olarak adlandirin

Havza ve zaman ¢6zinUrligina koruyun

Denkligi envanter kontroli olarak kullanin,
etki degerlendirmesini ayrica yapin

Yalnizca dis kaynakh girisi gekim sayin, i¢
dolasimi ayri izleyin

ikisini ayri bilgi olarak, birbirinin yerine
gecgirmeden raporlayin

Yoéntemi amacla uyumlu segin,
gerekgelendirin ve raporlayin

Orta-nokta ve ug-nokta ayrimini koruyun

Kritik noktayi karakterize edilmis etkiye goére



nokta saymak yogunlasabilir belirleyin

Alistirma 2: Kapanmayan fark

Bir tesisin yillik girisi 12.000 m3, aritilmis desarji 8.400 m3, buharlagsmasi 2.700 m3, drlUnle tasinan suyu 50 m3 ve
depolama artisi 300 m3'tar. Kapanmayan fark kag m3 ve giris icindeki orani nedir?

Cevap: 12.000 - 8.400 - 2.700 - 50 - 300 = 550 m3. Oran 550 + 12.000 = %4,58. Fark, notr bir veri acidi olarak ele alinir
ve kaynagdi (sayag, donem, buharlasma tahmini, kayitsiz akis) arastirilir.

Alistirma 3: Ayni hacim, farkh havza

5.000 m?3 su, KF dederi 1,5 olan bir havzada ve KF degeri 60 olan bir havzada tiketiliyor. Sonuclari ve orani bulun.

Cevap: 5.000 x 1,5 = 7.500 m3 dlinya esdederi ve 5.000 x 60 = 300.000 m3 dlinya esdederi. Oran 60 + 1,5 = 40. Ayni
hacim ikinci havzada 40 kat daha yUksek potansiyel kitlik etkisi gosterir.

Alistirma 4: Yik ve gri su

Bir tesis yilda 30.000 m3 atiksuyu 20 mg/L konsantrasyonla desarj ediyor. YUk kg cinsinden bulun. En yuksek kabul
edilen konsantrasyon 5 g/m3 ve dogal konsantrasyon 1 g/m?3 ise WFN gri su hacmi nedir ve bu sayi ISO 14046 etki sonucu
mudur?

Cevap: 20 mg/L = 20 g/m3. Yik 30.000 x 20 = 600.000 g = 600 kg/yil. Gri su hacmi 600.000 + (5 - 1) = 150.000 m3/yil.
Bu teorik bir seyreltme hacmidir ve ISO 14046 etki sonucu degildir.

Ozet

e ISO 14046, Grin, proses ve kuruluslarin su ayak izi dederlendirmesi icin YDD temelli ilke, gereklilik ve kilavuzdur.
Etiket, sertifika ya da tek bir evrensel say degildir.

e Standart ISO sayfasina gore 2014'te yayimlanmis, 2020'de teyit edilmistir ve Eylil 2026'da asama 90.60'tadIr.
Yarurlukteki sirim 2014 sGrUmuddr.

e DOrt asama (amag ve kapsam, envanter, etki degerlendirmesi, yorumlama) yinelemelidir. Raporlama ve veri kalitesi
bitlin asamalara yayilir.

e Amac ve hedef kullanici 6nce belirlenir. Sistem siniri (kapidan kapiya, besikten kapiya, besikten mezara), islevsel
birim, tahsis ve kesme olcutleri sonucun anlamini belirler.

e Su envanteri kaynaklari ayristirir, miktar ve kaliteyi birlikte ele alir, konum ve zamani korur. i¢ geri kullanim yeni
cekim sayilmaz.

o Kiitle denkligi (giris = cikis + depolama degisimi) envanter kontrolidiir. Ornekte fark %3,2'dir ve kendi basina su
ayak izi sonucu degildir.

e Sonuc tek deger ya da profil olabilir. Sinirli géstergeli calisma nitelendirici ad kullanir. Yalnizca envanter su ayak izi
degildir.

o AWARE, orta-nokta bir su kitlidi yontemidir. KF aralidi 0,1 ile 100'dir, ISO 14046 icin zorunlu degildir ve uc-nokta
sonucu vermez. AWAREZ2.0 halefi olarak 6nerilmektedir.

e Su kalitesi etkileri (6trofikasyon, asidifikasyon, ekotoksisite) yik ve alici ortamla degerlendirilir. WFN gri su hacmi
teorik bir hacimdir ve 1SO etki sonucunun yerine gegmez.

e Karsilastirmali iddia igin islevsel birim, sinir, veri, ydontem ve ¢ézunurlik uyumlu olmalidir. Kamuya acik iddia igin
kritik gozden gecirme beklenir.

e En blyiik hacim her zaman en 6nemli kritik nokta degildir. Ornekte pamuk hacmin %75,3'ln(, tesis ici ise etkinin
%60,2'sini olusturur.

Bilgi kontrolu (cevaplarniyla)

1. Su kiitle denkligi tek basina ISO 14046 su ayak izi sonucu mudur? Cevap: Hayir. Kitle denkligi miktarlari
dizenler ve envanteri kontrol eder. Potansiyel cevresel etki icin cografi, zamansal ve kalite baglamiyla etki
degerlendirmesi gerekir.

2. Ayni litre su her havzada ayni potansiyel etkiyi mi yaratir? Cevap: Hayir. Etki havzanin su erisilebilirligine,
mevsime, ekosistem ihtiyacina ve diger kullanicilarin talebine baghdir. Ornekte ayni 1.000 m? iki havzada 2.000 ve
50.000 m3 dlinya esdederi verdi.



3. WFN gri su hacmi ile ISO 14046 su kalitesi etki sonucu ayni kavram midir? Cevap: Hayir. Gri su teorik bir
seyreltme hacmidir ve ISO 14046'da zorunlu ya da varsayilan sonuc degildir. ISO yolunda emisyon envanteri, alici ortam
ve secilen etki goéstergeleri kullanilir.

4. En biiyiik su hacmi her zaman en 6nemli kritik nokta midir? Cevap: Hayir. Hacim ile karakterize edilmis etki
farkh yerlerde yogunlasabilir. Ornekte pamuk hacmin %75,3'lini, tesis ici etkinin %60,2'sini olusturdu.

5. ISO 14046 bir liriin etiketi ya da sertifika midir? Cevap: Hayir. Dederlendirmenin naslil tasarlanacadi, yurutilecegdi
ve raporlanacagdi igin gereklilik koyar. Sonucun etiket ya da beyan olarak iletisimi standardin kapsami disindadir.

6. AWARE ISO 14046'nin zorunlu yontemi midir ve hangi diizeyde sonug verir? Cevap: Hayir. AWARE yaygin
kullanilan bir orta-nokta su kitligi yontemi érnegidir. Uc-nokta insan sagldi ya da ekosistem sonucu vermez. KF araligi 0,1
ile 100'dr.

7. Su ayak izi sonucu tek deger mi olmalidir? Cevap: Hayir. Tek deger ya da etki gdstergelerinden olusan bir profil
olabilir. Sinirli bir géstergeye dayanan calisma su kithdi ayak izi gibi nitelendirici ad kullanir.

8. ic geri kullanim envanterde nasil ele alinir? Cevap: Ayrica izlenir ancak yeni dis su girisi olarak sayilmaz. Sayilirsa
envanter siser. Ornekte giris 200.000 yerine 275.000 m? gériiniir ve cekim yogunlugu yizde 37,5 fazla cikar.

9. Hangi kosullarda iki su ayak izi sonucu karsilastirilabilir? Cevap: islevsel birim, sistem siniri, veri désnemi ve
kalitesi, tahsis kurallari, etki yontemi ve strimi, cografi ve zamansal ¢6zinUrlik uyumlu olmalidir. Kamuya acik iddiada
kritik gozden gecirme beklenir.

10. 125.000 m3 desarjda 12 mg/L azot oldugunda yiik kag kg'dir? Cevap: 12 mg/L = 12 g/m3. 125.000 x 12 =
1.500.000 g = 1.500 kg/yIl.

Anahtar kavramlar sozliugu (TR - EN)

Tiirkce English

su ayak izi

yasam dongUsu degerlendirmesi (YDD)
amag ve kapsam

su ayak izi envanteri
etki degerlendirmesi
yorumlama

islevsel birim

sistem siniri

kapidan kapiya
besikten kapiya
besikten mezara
tahsis

kesme olgitu

su gekimi

su tiketimi

ic geri kullanim
depolama degisimi
su kutle denkligi

su akis semasi
karakterizasyon faktori
orta-nokta

ug-nokta

su ayak izi profili

tek degerli su ayak izi

su kithgi ayak izi

water footprint

life cycle assessment (LCA)
goal and scope

water footprint inventory
impact assessment
interpretation

functional unit

system boundary
gate-to-gate
cradle-to-gate
cradle-to-grave
allocation

cut-off criterion

water withdrawal

water consumption
internal reuse

change in storage

water mass balance
water flow diagram
characterization factor
midpoint

endpoint

water footprint profile
single-value water footprint

water scarcity footprint



otrofikasyon
asidifikasyon
ekotoksisite

kirletici yuka

alici ortam

gri su ayak izi
karsilastirmali iddia
kritik gbzden gecirme
duyarlilik analizi
kritik nokta

veri kalitesi

eutrophication
acidification
ecotoxicity

pollutant load
receiving environment
grey water footprint
comparative assertion
critical review
sensitivity analysis
hotspot

data quality
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ENGLISH VERSION

LESSON 7: The I1SO 14046 Water Footprint Standard

Ders 7: 1SO 14046 Su Ayak izi Standardi

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

Profile Description

Target Students, industry professionals and specialists
audience

Scope of The logic of ISO 14046, the four-phase assessment, goal and scope, system boundary and functional unit, water inventory,

this water flow diagram and mass balance, water footprint profile and single value, water scarcity impact (AWARE), water quality
material impacts, the limit of the grey water concept, rules for comparative assertions and the dyed fabric example

Example All numbers in the calculation examples in this material are training data. They are not real company or real basin data

data

Currency September 2026

of

information

Related Lesson 6 (blue, green and grey water footprint components, direct and indirect water use). Lesson 8 (moving from hotspots to
lessons industrial water efficiency, process improvement, reuse, monitoring and implementation planning)

Learning outcomes

After completing this material, the learner can:

e Explain what ISO 14046 is and what it is not. Distinguish the standard from a measurement method, a label or a
certificate.

e Describe the four phases (goal and scope, water footprint inventory, impact assessment, interpretation) and their
iterative structure.

e Define goal, scope, system boundary and functional unit at product, process, facility and organization level.

e Build a water inventory in terms of sources, outputs, internal reuse and data quality.

e Calculate a water mass balance with units, interpret an unclosed difference and avoid double counting internal
reuse.

e Distinguish a water footprint profile from a single-value result, and midpoint from endpoint indicators.

e Explain what the AWARE method measures, its characterization factor range (0.1 to 100) and that it is not
mandatory under ISO 14046.

e Explain water quality impacts (eutrophication, acidification, ecotoxicity) and the limit of the grey water indicator
within ISO 14046.

e List the conditions required for a comparative assertion and identify hotspots in the dyed fabric example.

1. Introduction: Measured litres versus potential impact

Knowing how much water a facility withdraws does not mean we know its water-related environmental impact. The same
amount of water use does not have the same result in a water-abundant basin and in a highly water-stressed basin.
Similarly, the volume of wastewater alone does not explain the pressure on water quality.

In Lesson 6 we learned the blue, green and grey components of the water footprint, direct and indirect water use, and the
importance of the basin and time dimensions. In this lesson we take the next step. ISO 14046 addresses water-related
quantities within a life cycle assessment (LCA) and aims to evaluate their potential environmental impacts.

This material answers the following questions:

e What is the basic logic of the standard and what does it not cover?

e How are goal and scope defined, and how are product, process, facility and organization studies separated?
e How is a water inventory built, and why are a water flow diagram and mass balance needed?

e How are water quantity and water quality information interpreted together with basin conditions?

e How can industrial organizations derive priority areas from the results?



2. What is ISO 14046 and what is it not?

The full title of the standard is ISO 14046:2014, Environmental management — Water footprint — Principles,
requirements and guidelines. The standard bases the water footprint assessment of products, processes and
organizations on the life cycle assessment approach. A study can be carried out as a stand-alone water footprint
assessment or as part of a broader environmental assessment.

Key features of the standard

o Life cycle based: It follows the LCA framework of ISO 14040 and ISO 14044.

o Impact oriented: A water footprint consists of indicators that quantify potential environmental impacts related to
water. It is not just a volume total.

¢ Includes geographical and temporal dimensions: Where and when water is used determines the result.
Hydrological knowledge is part of the assessment.

o Addresses quantity and quality together: Besides water use, changes in water quality are assessed. Not all
emissions to air or soil are included, only relevant emissions that affect water quality.

¢ Modular: Results for different life cycle stages can be combined as long as boundaries and data quality are
compatible. This does not mean that the results of different studies can be compared unconditionally.

+ Flexible result format: The result can be a single value or a profile of impact indicator results.

Bridge to Lesson 6

The blue, green and grey components describe water use and pollution pressure in a volumetric language in the Water
Footprint Network (WFN) approach. ISO 14046 assesses water use and changes in water quality as potential
environmental impacts within a geographical and temporal context. The two approaches are not copies of each other.
They can draw on the same inventory data, but their questions, indicators and ways of interpretation differ.

True for ISO
140467

Explanation

Concept

Standard Yes Provides principles, requirements and guidelines on how to design, conduct and report
a water footprint assessment

A single universal ISO water No The result is a single indicator or an indicator profile, depending on the goal and the
footprint number chosen impact assessment method
Measuring device or single No No characterization model or factor set is imposed

calculation method

Product label No Communicating the result as a label or declaration is outside the scope of the
standard

Automatic certificate or pass-fail  No An independent critical review can be carried out, but the standard does not award a

score certificate by itself

Current status (September 2026): version status of ISO 14046. According to the ISO page, the standard was
published in August 2014 (Edition 1, ISO/TC 207/SC 5). It was last reviewed and confirmed in 2020 and remains the
current version. A check on 30 September 2026 shows stage 90.60 (close of review). That means it is within its five-
year systematic review cycle and a confirmation, revision or withdrawal decision is not yet reflected on the page. No
record of a new revision project was found on the page. In Europe the standard has been adopted as EN ISO
14046:2016 and in Turkiye it is used as TS EN ISO 14046. Because the version status may change, the ISO page
should be checked before starting a study.

3. The relationship of ISO 14046 with ISO 14040/14044 and I1SO 14067

ISO 14046 is not a stand-alone method. It is a member of the LCA family of standards.

Standard Subject Relationship with ISO 14046

1SO Principles and framework of LCA ISO 14046 uses the same product system and phase logic
14040:2006

I1SO Requirements and guidelines for LCA (goal and scope, 1SO 14046 adapts this framework to water. The rules on comparison
14044:2006 inventory, impact assessment, interpretation, and critical review come from ISO 14044

reporting, critical review)
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14067:2018 single impact category (climate change)
ISO/TR Illustrative examples on how to apply ISO 14046 A technical report. It contains examples, not requirements. The
14073:2017 examples are not the only possible way to apply the standard and

some of the data are fictitious

The key difference between carbon footprint and water footprint

In the carbon footprint, one kilogram of greenhouse gas has the same global climate effect wherever it is emitted. The
result is therefore reduced to a single number (COze). In water, the effect of the same litre changes with the basin, the
season and the water quality. For this reason, in the water footprint, geographical and temporal resolution, the choice of
impact model and sometimes an indicator profile are decisive.

Current status (September 2026): According to the ISO pages, ISO 14040:2006 and ISO 14044:2006 were
confirmed in 2022. ISO 14040 has Amd 1:2020, and ISO 14044 has Amd 1:2017 and Amd 2:2020. For ISO
14067:2018, a revision was found necessary after the review in 2024 and a working draft, ISO/WD 14067.2, is listed.
This lesson is based on the current 2018 edition.

4. The four-phase architecture of the assessment

An ISO 14046 assessment follows the basic phases of LCA.

Phase Key question Main output
1. Goal and Why is the study done, who will use the result, which decision is Goal, intended user, functional unit, system
scope supported? Product, process, facility or organization? What are the boundary, reference period

system boundary and the basis for comparison?

2. Water Which water, where, when and at what quality goes in and out? Sources, inputs, outputs, consumption pathways,
footprint discharges, pollutant loads, location and time
inventory information, energy and supply chain data

3. Impact Which potential environmental impact do these quantities and Indicator results characterized with the chosen
assessment quality changes correspond to? method (single value or profile)

4, Which processes cause the result, which data and assumptions is it Hotspots, uncertainty and sensitivity assessment,
Interpretation sensitive to, which improvement is a priority? conclusions and recommendations

An iterative process

These phases are not disconnected, one-way production lines.

e If data cannot be found during the inventory, the scope can be revisited.
e If impact results look meaningless, the geographical resolution or system boundary can be checked.
e The interpretation result can show where data collection should be deepened.

The study is therefore an iterative process, not a linear one.
Reporting and data quality run through all phases

Reporting is not a writing task done only at the end. The source of the data, calculation choices, boundaries, excluded
processes and uncertainties should be recorded throughout the study. If the results will be used in an external
comparison, methodological consistency and the need for independent critical review become even more important
(Section 13).

5. Goal, scope and level of assessment

The quality of a water footprint study depends on the questions asked before data collection starts. The first discipline of
ISO 14046 is not calculation but framing the decision question correctly. If the goal and the intended user are
unclear, a study may end up with a lot of data but no use for decisions.

When the goal changes, the scope and data needs change too. The company may be aiming to:

e Find the critical water impacts in the supply chain of a product.
e Compare a production process with an alternative technology.



e Understand the exposure of a facility to basin risk.
e Monitor and report performance at organization level.

Level Typical decision question Boundary and data focus

Product Which water impacts are critical in the life cycle of this Functional unit, life cycle stages, supply chain datasets
product?

Process How does this production step compare with an alternative A specific step such as washing, dyeing, cooling or steam
technology? generation

Facility From which basin does the facility withdraw how much, and  Withdrawals, consumption pathways, discharges, local basin
where does it return water? link

Organization What is our performance across several facilities and Several facilities, product groups, energy use, purchased
product groups? inputs, value chain relationships

Intended user

It must be stated clearly for whom the result is prepared: an internal management decision, a customer request,
sustainability reporting or an external comparison between products. The intended user determines the level of evidence
required.

Reference period

The reference period is part of the scope. Using only an annual average can hide a short but critical pressure in the dry
season. If a new process investment is assessed, it must be clear at which production volume and quality level the
current situation and the expected new situation are compared.

6. System boundary, functional unit and comparability

The system boundary determines which activities and life cycle stages are included in the assessment. The functional
unit determines the common basis on which results are expressed. Example: one tonne of dyed fabric with defined
quality and performance characteristics. Saying only one product is not a sufficient basis for comparison.

Three boundary approaches (cotton textile example)

The life cycle chain: raw material, energy and chemicals, production, distribution, use, end of life.

Approach Stages covered Strength Limit
Gate-to- Only flows inside the selected Useful for operational improvement May leave out indirect water impacts
gate facility or process from raw material and energy production

Cradle-to- From raw material extraction to the  Captures agricultural raw materials, mining, =~ Does not cover use and end of life
gate product leaving the factory gate energy, chemical and packaging inputs

Cradle-to-  Also includes distribution, use and Makes the use stage visible, for example in Data needs and uncertainty increase

grave end of life textiles that need frequent washing

A wider boundary is not always better. The boundary must be consistent with the goal of the study. However, important
processes left outside the scope must be stated openly and the meaning of the result must be limited accordingly.

Comparability

If a comparison will be made, the functional unit, system boundary, data period, quality assumptions and impact
assessment method must be consistent. One kilogram of product and one unit of use service are not the same
comparison basis. If different boundaries and bases are used for the same facility, results that differ widely but are each
internally consistent can be obtained.

Allocation

If a process produces more than one product, it must be explained how water flows are distributed among the products.
The order is: first, if possible, the process is subdivided or the system is expanded. If allocation is needed, the chosen
approach is justified transparently.

Cut-off criteria



If cut-off criteria are used for small flows left outside the scope, it must be justified that they do not change the total
result significantly. In particular, excluding a water-intensive raw material only because its purchase value is low leads to
wrong prioritization.

7. Water inventory: which data should be collected?

The inventory phase is the data basis of the water footprint assessment. But collecting only the monthly water bill is not
enough.

Inputs

e Sources are defined separately: surface water, groundwater, network water, harvested rainwater and reclaimed
water from another organization are not written into the same category. Where possible, the original source of
network water and the basin it serves are also investigated.

¢ Quantity, date and location are recorded together. Does the measurement come from a meter, from calculation
or from estimation? Is the data frequency daily, monthly or annual? Is there enough resolution to see seasonal
variation?

Outputs

Treated or untreated discharge, water sent to sewer, flow released to surface water, transfer to another facility,
evaporation, water incorporated into product and change in storage are tracked separately.

Internal reuse

Internal reuse must be shown correctly. If the same water circulates five times within a process, these are not five new
withdrawals. Internal circulation matters for operational efficiency, but if it is mixed with water taken from external
sources, the inventory is inflated.

Water quality data

Wastewater volume is not enough. Depending on the scope, the loads and concentrations of relevant pollutants,
treatment performance, discharge point and receiving environment information are needed. Physical properties that
affect water quality, such as temperature change, can also matter depending on the context.

Supply chain
Data on energy, raw materials, chemicals, packaging and transport are linked to water-related life cycle datasets.

Primary and secondary data

Data type Example sources

Primary Facility meters, laboratory analyses, purchasing records, supplier information

Secondary LCA databases, sector studies, regional statistics
Which one is used must be stated clearly.
Data quality

When data quality is assessed, technological representativeness, geographical fit, temporal currency, measurement
accuracy, completeness and consistency are considered together. A current production line in Tlrkiye might be
represented with average data from another continent and older technology, but the uncertainty this creates must be
explained together with the result.

Four features of a good inventory: it separates sources, treats quantity and quality together, keeps geographical
and temporal context and makes data quality visible.

8. Water flow diagram and water mass balance



The water flow diagram turns the inventory into an understandable system. It shows where water enters the facility
from the source, which meters it passes, in which processes it is used, where it is recirculated and by which routes it
leaves the system. A good diagram does not only draw the pipeline. It links the water source, the basin, the measurement
point, the quantity information, the quality change and the receiving environment.

Mass balance

At the most basic level, total water input must equal the sum of total water outputs and the change in storage in the
system.

Total input = Total output + Change in storage
Unclosed difference = Total input - Total output - Change in storage

All units must be the same (for example m3/year) and cover the same period. Change in storage is the difference between
the end and the start of the period for tanks, ponds and similar stocks. A stock increase is taken as positive.

e Outputs do not consist only of wastewater. Evaporation, water incorporated into the product, transfer to another
system, treated discharge, leakage or unmeasured flows can also be part of the equation.

e The amount of internal reuse is tracked separately, but the recirculation of the same water inside the system is not
counted as new external input.

e The unclosed difference is treated not as a red warning but as a neutral data gap. A balance that does not close
does not immediately mean an environmental violation. Meter accuracy, different measurement periods, stock
change, evaporation estimates or unrecorded side flows can create the difference. The main aim is not to hide the
difference but to investigate its source.

Calculation example: annual water balance of a dyeing facility

The values below are training data. The facility dyes 1,200 tonnes of dry fabric per year.

Direction Amount
((WWAET))
Groundwater (well) Input 140,000 Meter
Network water Input 45,000 Meter
Harvested rainwater Input 2,000 Estimate
Reclaimed water from outside Input 13,000 Meter
Total input 200,000 140,000 + 45,000 + 2,000 + 13,000
Treated discharge (surface Output 125,000 Meter
water)
Water sent to sewer Output 26,000 Meter
Evaporation (steam, drying, Output 41,000 Calculation and estimate
cooling)
Water carried with product Output 96 1,200 t x 0.08 t water/t fabric (training assumption for moisture ratio). 1 t
water = 1 m3
Total output 192,096 125,000 + 26,000 + 41,000 + 96
Change in storage (stock 1,500 Tank and pond level
increase)
Unclosed difference 6,404 200,000 - 192,096 - 1,500

Unclosed difference ratio = 6,404 m3 + 200,000 m3 = 3.2%

Interpretation: The difference is 3.2% of total input. The acceptable difference threshold must be set in advance in the
study. This training example assumes no threshold. The main message is that the source of the difference must be
investigated. Possible sources include the uncertainty of the rainwater estimate and the evaporation estimate.

Double counting of internal reuse. Suppose 75,000 m3 of water circulates internally per year as cooling and rinsing
water. This water is not taken from an external source. If it is wrongly added as input, input appears as 275,000 m3 and
the inventory is inflated by 37.5%. Withdrawal per unit of product is also calculated wrongly:

Approach

Input (m3/year) Withdrawal intensity (m3/t fabric)




Correct: external input only 200,000 200,000 + 1,200 = 166.7 166.7 m3/t (166.7 L/kg)
Wrong: internal reuse added too 275,000 275,000 + 1,200 = 229.2 37.5% too high

Consumption and the sensitivity to the unclosed difference. In practice, water consumption is treated as the part
of withdrawn water that is not returned to the same basin. Because the definition can vary with the chosen method and
database, it must be stated clearly in the study. In this example, treated discharge and water sent to sewer are assumed
to return to the same basin. This assumption must also be reported.

Consumption = Evaporation + Water carried with product = 41,000 + 96 = 41,096 m3/year

Consumption / tonne fabric = 41,096 + 1,200 = 34.25 m3/t

Check: Withdrawal - Returned - Storage = 200,000 - 151,000 - 1,500 = 47,500
Consumption + Unclosed difference = 41,096 + 6,404 = 47,500

If the whole unclosed difference turned out to be evaporation, consumption would be 47,500 m3/year (39.58 m3/t). The
result would be 15.6% higher. Moving on to impact assessment without closing the difference therefore requires making
the uncertainty of the result visible.

Three functions of the diagram and the balance

1. They check the consistency of the inventory.
2. They reveal measurement gaps and data quality problems.
3. They show in which process high withdrawal, consumption, loss or pollution load is concentrated.

The diagram also helps to improve the metering plan. A single meter at the facility inlet shows total withdrawal but does
not explain which process creates consumption. Without sub-meters at the main points of use and regular quality
measurements, the effect of an improvement cannot be tracked reliably.

Important limit: A mass balance alone is not an ISO 14046 water footprint result. This work organizes
quantities. To understand potential environmental impact, one must move on to impact assessment with
geographical, temporal and quality context.

9. From inventory to potential environmental impact

Impact assessment converts the litres and pollutant loads in the inventory into environmental indicators that are
meaningful for decisions. The core operation is characterization. Water use is related to the water availability of the
basin where it occurs, its seasonal conditions, ecosystem requirements and the demand of other users. For this reason,
the same amount of water consumption produces different characterization results in different regions.

Impact indicator result = Inventory quantity x Characterization factor

Quantity and water quality follow two separate channels. In the quantity channel, water consumption is related to the
scarcity situation of the basin. In the quality channel, released substances are related to the receiving environment and
the chosen impact pathway.

Midpoint and endpoint

Level Meaning Example
Midpoint = An intermediate link in the cause-effect chain Potential pressure on water scarcity or water availability. Eutrophication
potential

Endpoint Further potential consequences at the end of the Potential consequences for human health and ecosystems
chain

The chain reads as follows: water consumption, midpoint water scarcity potential, endpoint human health and ecosystem
consequences. Not every ISO 14046 study needs to produce an endpoint result.

Water footprint profile and single-value water footprint

According to the scope of ISO 14046, the result of a water footprint assessment can be a single value or a profile of
impact indicator results.



Result format When suitable? Caution

Single-value When the decision maker needs one number and the relevant impacts Combining different impact categories can

water footprint can be combined consistently hide important information
Water footprint When several impact categories (for example water scarcity, Harder to read but shows trade-offs
profile eutrophication, ecotoxicity) should be seen separately

The qualifier rule

According to ISO 14046, a study based on only a limited impact indicator does not call its result simply a water footprint.
It uses a qualifier that shows the scope. Examples: water scarcity footprint, water eutrophication footprint. If the result is
only an inventory result (for example m3/tonne), it is not a water footprint but a water inventory result.

Water footprint and water risk are different

Impact assessment focuses on environmental consequences. A company facing production interruption, cost, regulatory
or reputation risk may be related but it is not the same concept.

Method choice

ISO 14046 does not impose a single characterization model or a mandatory factor set. The chosen method must be
consistent with the goal of the study, scientifically justified, appropriate in geographical and temporal terms and reported
transparently.

Main message of this section: In ISO 14046 the quantity of water matters, but where and when the quantity
occurs and which quality change it is associated with determine the result.

10. Water scarcity impact and the AWARE method

One of the widely used consensus methods for assessing the potential water-scarcity-related impact of water
consumption at midpoint level is AWARE (Available WAter REmaining). AWARE was developed by the WULCA (Water Use
in Life Cycle Assessment) working group within the UNEP-SETAC Life Cycle Initiative. The method is presented in Boulay
et al. (2018).

AWARE is only one concrete method example. It is not the mandatory method of ISO 14046. AWARE is not
an endpoint method and it is not the only method that covers all water impacts.

What does AWARE measure?
AWARE measures the available water remaining per area in a basin after the demand of humans and aquatic

ecosystems has been met. The less water remains, the more other users are deprived of water by one cubic metre
consumed in that basin.

Feature Value

Characterization factor (CF) unit m?3 world-eq / m3 water consumed

CF range 0.1 to 100

CF=1 A region where the available water remaining per area equals the world average

CF =10 10 times less available water remaining per area than the world average

Resolution Calculated at sub-basin level with a monthly time step, can be aggregated to country or annual
scale

Use type Separate CF sets for agricultural and non-agricultural use

Consumption-weighted world 43 for unspecified use, 20 for non-agricultural, 46 for agricultural (WULCA)

average

Scope Only the scarcity side of water consumption. Does not cover water quality impacts



The CF is a relative value that shows scarcity above or below the world average, and it is bounded at both ends. If the
remaining water is zero or negative, the CF is set to the upper limit of 100. AWARE therefore expresses the scarcity of a
basin not on an absolute scale but relative to the world average.

Why do location and time matter? Calculation example

The same 1,000 m3 of water consumption gives different results in two basins. The CF values are training data and do not
belong to a real basin.

Basin Consumption (m3) CF (m3 world-eq / m3) Result (m3 world-eq)
A: water abundant 1,000 2 1,000 x 2 = 2,000
B: highly water stressed 1,000 50 1,000 x 50 = 50,000

The same volume shows a 25 times (50 + 2) higher potential water scarcity impact in basin B. Unit check: m3 x (m3
world-eq / m3) = m3 world-eq.

When interpreting an AWARE result

e The result is a midpoint indicator. It should not be presented as an endpoint result such as human health or
ecosystem loss.

e Choosing between monthly and annual CFs affects whether pressure in the dry season becomes visible. The choice
must be justified.

e If the consumption location is uncertain (for example in the supply chain), a country average or the unspecified-use
CF can be used. This increases uncertainty and must be reported.

Current status (September 2026): AWARE2.0. Seitfudem et al. (2025, Journal of Industrial Ecology, 29, 891-907)
published AWARE?2.0, the updated version of AWARE. The article states that, after consulting the authors of Boulay et
al. (2018), AWARE2.0 is recommended as the successor of AWARE. In the new version, water availability data rely on
the period 1990-2019 and the consumption inventory on 2019 (earlier version: 1960-2010 and 2010). The CF range
is 0.1 to 100 in both versions. The version must be stated in the report, whichever version your LCA software or
database contains. Results from the two versions should not be compared directly.

11. Water quality impacts

On the water quality side, the type and load of discharged substances, the receiving environment and the chosen impact
pathway matter. Looking only at the total wastewater volume is not enough. ISO 14046 expects water quality (physical,
chemical and biological characteristics) to be addressed as much as quantity, and leaves the choice of impact categories
to the goal of the study.

Impact . . . .
P What it describes Example industrial source
category
Eutrophication The potential of nutrients such as nitrogen and phosphorus to cause excess algal Nitrogen and phosphorus
growth and oxygen depletion in the receiving environment discharges, food and textile
wastewater
Acidification The acidifying potential of substances (for example sulfur and nitrogen oxides) in Combustion and chemical
ecosystems. Within ISO 14046 only emissions that affect water quality are included processes
Ecotoxicity The potential of metals and organic pollutants to have toxic effects on aquatic Metal surface treatment,
ecosystems processes using dyes and
chemicals

The units of the categories depend on the method (for example phosphorus equivalents for eutrophication, toxic units for
ecotoxicity). Results are therefore interpreted within a category and not added across categories.

In the assessment of water quality, the following are kept separate:

e Actual wastewater volume (m3).
o Pollutant concentration (mg/L).
¢ Pollutant load (kg), the quantity found by considering concentration and volume together.



Treatment performance is understood not only from the outlet concentration but from the change between inlet and
outlet loads. If production volume changes, absolute load and load per unit of product should be tracked together. The
receiving environment where the discharge occurs also matters. The same load leads to different results in environments
with different flow, background quality and ecological sensitivity.

Current status (September 2026): A systematic review of 49 articles from 2016 to 2026 (Water quality
assessment in ISO 14046 water footprint studies: A systematic review) found that freshwater eutrophication,
freshwater ecotoxicity and water scarcity were the most frequently reported in ISO 14046 studies. The review also
notes that water scarcity was the priority and sometimes the only impact in many studies, and that water quality was
addressed relatively little. Since ISO 14046 expects quantity and quality together, a study that relies only on a
scarcity result should use a qualifier (Section 9).

12. Wastewater, pollutant load and the limit of the grey water concept

In Lesson 6 we learned the grey water footprint as a WFN indicator that expresses the relationship between a pollutant
load and an accepted water quality limit through a theoretical freshwater volume. In an ISO 14046 study, however, a
grey water volume is not a mandatory or default result.

WFN grey water approach ISO 14046 water quality approach

Logic Pollutant load, quality standard, theoretical water Emission inventory, receiving environment, water quality change,
volume chosen impact indicators

Result Volume (m3) Impact indicator result (for example eutrophication potential)

Quality Chosen ambient quality limit (maximum accepted and Chosen impact model and characterization factors

benchmark natural concentration)

Mandatory? The core indicator in the WFN approach Not mandatory in ISO 14046

In 1ISO 14046, relevant emissions to water, soil or air that affect water quality are included in the inventory. Then their
potential consequences are assessed within the receiving environment and the chosen impact assessment method. The
grey water indicator can be used side by side as water quality information within the same study. However, it should not
replace ISO 14046 impact indicators and should not be reported as if it were the same result.

Calculation example: load, concentration and grey water

Let the treated discharge of the dyeing facility be 125,000 m3 per year (the example in Section 8). The total nitrogen
concentrations are training data.

Step Operation Result

Unit check 1 mg/L=1g/m3 12 mg/L = 12 g/m3

Outlet load 125,000 m3/year x 12 g/m3 1,500,000 g/year = 1,500 kg/year
Treatment inlet load 125,000 m3/year x 40 g/m3 (inlet 40 mg/L) 5,000,000 g/year = 5,000 kg/year
Load reduction (5,000 - 1,500) + 5,000 70% (volume assumed the same)
Load per product 1,500 kg + 1,200 t 1.25 kg/t fabric

The WFN grey water volume is found by dividing the load by the accepted concentration difference:
Grey water volume = Load + (Maximum accepted concentration - Natural concentration)

As a training assumption, take the maximum accepted concentration as 2 g/m? and the natural concentration as 0.3 g/m3:
1,500,000 g/year + (2 - 0.3) g/m3 = 882,353 m3/year

This volume is about 7.06 times the actual discharge (882,353 + 125,000). If a limit value of 4 g/m? were chosen, the
result would be 405,405 m3/year. The two results show the following:

e The grey water volume is not an actual water flow but a theoretical dilution volume.
e The result depends strongly on the chosen quality limit.



e This number is not an eutrophication impact result in the ISO 14046 sense. In the ISO route, the same load (kg
nitrogen) is converted into an impact indicator with a chosen characterization model.

Caution: This example does not recommend dilution as a solution. The load before and after treatment is tracked as
a real data flow.

13. Rules for comparative assertions

A comparative assertion is an environmental claim about the superiority or equivalence of one product over a competing
product. Water footprint results cannot be compared directly even if written in the same unit. Two results prepared with

different functional units, different system boundaries, different basin data or different characterization methods fall into
this case.

Condition for comparison

Functional unit Must represent the same function and quality. One kilogram of product and one unit of use service are not
the same basis

System boundary Must cover the same life cycle stages

Data period and quality Compatible period, geography and technology representation

Allocation and cut-off rules The same rules and a clear justification

Impact method The same method and the same version (for example AWARE and AWARE2.0 are not mixed)

Geographical and temporal At the same level (basin and month or year)

resolution

Scope Quantity and quality should both be addressed. If only a limited indicator is used, a qualifier must be used
Inventory result A comparison of m3/tonne alone is not a water footprint comparison

Critical review For a comparative assertion disclosed to the public, an independent critical review by a panel of interested

parties is expected, as in ISO 14044

A study prepared for internal management and a public product comparison do not require the same level of evidence
and review. The performance of the same facility over the years is compared more safely when tracked with the same
method. If a public comparative assertion is considered, the full text of the relevant clauses of the standard and of ISO
14044 must be read. This material only summarizes the principles.

14. Industrial application example: dyed fabric assessment

Let a hypothetical textile company want to assess the water footprint of one tonne of dyed fabric with defined quality
characteristics. The process has six steps: goal, boundary, inventory, flow and balance, impact assessment, hotspots. The
supply chain includes cotton, electricity and chemicals, the facility includes washing, dyeing, steam and treatment, and
the basin includes water stress and receiving environment layers. All numbers are training data.

1. Goal Decision question: find the most important water impacts of the current product and prioritize improvement options. Intended
user: internal management

2. If only the dyeing facility, gate-to-gate. If cotton, yarn, electricity, chemicals and packaging are included, cradle-to-gate. In
Boundary this example, cradle-to-gate is chosen

3. Surface, groundwater and network water withdrawals, use by process, evaporation, water carried with product, treated
Inventory discharge, pollutant loads, receiving environment. For the supply chain, cotton, energy and chemical data are matched with
suitable LCA datasets

4. Flow and The balance is built as in Section 8 and data consistency is checked. Result: facility consumption 34.25 m3/t
balance

5. Impact Water quantities and quality changes are entered into the chosen method with the relevant basin and period information
assessment

6. Hotspots = The places where impact is concentrated are identified and improvement options are linked to the relevant point

Impact assessment example



The table below gives blue water consumption per tonne of fabric and hypothetical scarcity CFs. The CF values are
training data chosen within the range of 0.1 to 100 and are not the AWARE value of any real basin. Let the cotton come
mainly from rain-fed regions (so its blue water consumption is low).

Item Consumption (m3/t fabric) CF Result (m3 world-eq/t) Volume share Impact share
On-site (washing, dyeing, steam) 34.25 45 1,541.1 17.2% 60.2%

Cotton production 150 4 600.0 75.3% 23.4%
Chemical supply 3 100 300.0 1.5% 11.7%
Electricity generation 12 10 120.0 6.0% 4.7%

Total 199.25 2,561.1 100% 100%

Interpretation: The largest volume is in cotton (75.3%), but the largest potential impact is on site (60.2%), because the
facility is in a highly water-stressed basin. Chemical supply is below electricity in volume but above it in impact. This
shows that the largest water volume is not always the most important hotspot. The areas of the value chain
where impact is concentrated are the water hotspots.

Sensitivity analysis

In the interpretation phase, it is tested whether the ranking changes when cotton data, the electricity mix or basin
characterization changes. If the CF of the cotton basin changes:

Cotton CF Cotton result (m3 world-eq/t) Total Impact share of cotton
4 600 2,561.1 23.4%
12 1,800 3,761.1 47.9%
20 3,000 4,961.1 60.5%

The cotton result and the on-site result are equal when the cotton CF is about 10.3 (1,541.1 + 150). Above this threshold
the hotspot shifts to cotton. If the result depends too heavily on a single uncertain data point, that data may need to be
improved before an investment decision.

Linking improvement options to the hotspot

Process water reduction, reuse, chemical substitution, treatment upgrade, supplier change and collective action at basin
level respond to different problems. For example, if on-site consumption dominates, process water reduction and lower
evaporation losses come to the fore. If cotton dominates, supplier and sourcing region choice come to the fore. Turning
these options into an implementation plan is covered in Lesson 8.

Verification with Python

The code below recalculates the numbers of the calculation examples in this material.



from decimal import Decimal as D

# Section 8: water mass balance (m3/year)
giris = D(140000) + D(45000) + D(2000) + D(13000)

kumas t = D(1200)

urun_suyu = kumas t * D(8) / D(100)
cikis = D(125000) + D(26000) + D(41000) + urun_suyu

depo = D(1500)

fark = giris - cikis - depo

print(giris, cikis, urun suyu, fark, fark / giris * 100)

# Double counting of internal reuse

yanlis = giris + D(75000)

print(giris / kumas t, yanlis / kumas t, D(75000) / giris * 100)

# Consumption and sensitivity

tuketim =

D(41600) + urun_suyu

print(tuketim, tuketim / kumas t, giris - D(151000) - depo)

print(tuketim + fark,

(tuketim + fark) / kumas t, fark / tuketim * 100)

# Section 14: impact share table

kalemler =
hacim = sum(v for v,
etki = sum(v * k for v,
for v, k in kalemler:

[(tuketim / kumas_t, D(45)), (D(150), D(4)),
k in kalemler)
k in kalemler)

(D(3), D(100)),

print(v, k, v * k, v / hacim * 100, v * k / etki * 100)

print(hacim, etki,

# Section 12:
yuk g = D(125000) * D(12)

(tuketim / kumas t) * D(45) / D(150))

load and grey water

print(yuk_g / D(1000), D(125000) * D(40) / D(1000))
gri = yuk g / (D(2) - D(3) / D(10))
print(gri, gri / D(125000), yuk g / (D(4) - D(3) / D(10)))

Exercises (with answers)

Exercise 1: Error hunt

Find and correct the nine errors below. The answers are given in the table.

Error

1. Treating ISO 14046 as a product label,
automatic certificate or pass-fail score

2. Presenting a water inventory result
(m3/tonne) as a water footprint

3. Ignoring geographical and temporal
context

4. Treating a mass balance as a water
footprint result

5. Counting internal reuse as a new
water withdrawal

6. Reporting the WFN grey water volume
as an ISO 14046 water quality impact
result

7. Presenting AWARE or another method
as the only mandatory 1ISO method

8. Presenting an AWARE result as an
endpoint human health or ecosystem
result

9. Automatically treating the largest

volume as the hotspot

Why it is a problem

The standard sets requirements, it does not award a
label or certificate. Communication is outside its
scope

A water footprint quantifies potential impact. An
inventory is only quantity

The same litre does not have the same impact in
every basin and season

A balance organizes quantities, it does not explain
impact

The inventory is inflated and withdrawal intensity is
wrong

Grey water is a theoretical dilution volume. ISO
impact indicators are a different chain

ISO 14046 does not impose a mandatory
characterization model

AWARE is a midpoint scarcity indicator

Volume and potential impact can be concentrated in

different places

(D(12), D(10))]

Correct version

The standard is a framework for
designing, conducting and reporting an
assessment

Move on to impact assessment or call
the result a water inventory

Keep basin and time resolution

Use the balance as an inventory check
and carry out impact assessment
separately

Count only external input as withdrawal
and track internal circulation separately

Report the two as separate information,
without replacing one with the other

Choose the method consistent with the
goal, justify it and report it

Keep the midpoint and endpoint
distinction

Identify hotspots by characterized

impact



Exercise 2: Unclosed difference

A facility has annual input of 12,000 m3, treated discharge of 8,400 m3, evaporation of 2,700 m3, water carried with
product of 50 m3 and a storage increase of 300 m3. What is the unclosed difference in m3 and as a share of input?

Answer: 12,000 - 8,400 - 2,700 - 50 - 300 = 550 m3. The ratio is 550 + 12,000 = 4.58%. The difference is treated as a
neutral data gap and its source (meter, period, evaporation estimate, unrecorded flow) is investigated.

Exercise 3: Same volume, different basin

5,000 m?3 of water is consumed in a basin with a CF of 1.5 and in a basin with a CF of 60. Find the results and the ratio.

Answer: 5,000 x 1.5 = 7,500 m? world-eq and 5,000 x 60 = 300,000 m3 world-eq. The ratio is 60 + 1.5 = 40. The same
volume shows a 40 times higher potential scarcity impact in the second basin.

Exercise 4: Load and grey water

A facility discharges 30,000 m3 of wastewater per year at a concentration of 20 mg/L. Find the load in kg. If the maximum
accepted concentration is 5 g/m? and the natural concentration is 1 g/m3, what is the WFN grey water volume, and is this
number an ISO 14046 impact result?

Answer: 20 mg/L = 20 g/m3. Load is 30,000 x 20 = 600,000 g = 600 kg/year. Grey water volume is 600,000 + (5-1) =
150,000 m3/year. This is a theoretical dilution volume and is not an ISO 14046 impact result.

Summary

e |SO 14046 provides LCA-based principles, requirements and guidelines for the water footprint assessment of
products, processes and organizations. It is not a label, a certificate or a single universal number.

e According to the ISO page, the standard was published in 2014, confirmed in 2020 and is at stage 90.60 in
September 2026. The current version is the 2014 edition.

e The four phases (goal and scope, inventory, impact assessment, interpretation) are iterative. Reporting and data
quality run through all phases.

e Goal and intended user are set first. The system boundary (gate-to-gate, cradle-to-gate, cradle-to-grave), functional
unit, allocation and cut-off criteria determine the meaning of the result.

e The water inventory separates sources, treats quantity and quality together and keeps location and time. Internal
reuse is not counted as new withdrawal.

e The mass balance (input = output + change in storage) is an inventory check. In the example the difference is 3.2%
and it is not a water footprint result by itself.

e The result can be a single value or a profile. A study with a limited indicator uses a qualifier. An inventory alone is
not a water footprint.

o AWARE is a midpoint water scarcity method. Its CF range is 0.1 to 100, it is not mandatory for ISO 14046 and it does
not give endpoint results. AWARE2.0 is recommended as its successor.

o Water quality impacts (eutrophication, acidification, ecotoxicity) are assessed with load and the receiving
environment. The WFN grey water volume is a theoretical volume and does not replace an ISO impact result.

e For a comparative assertion, the functional unit, boundary, data, method and resolution must be consistent. Critical
review is expected for a public assertion.

e The largest volume is not always the most important hotspot. In the example cotton is 75.3% of volume while the
on-site part is 60.2% of impact.

Knowledge check (with answers)

1. Is a water mass balance alone an ISO 14046 water footprint result? Answer: No. A mass balance organizes
quantities and checks the inventory. For potential environmental impact, impact assessment with geographical, temporal
and quality context is needed.

2. Does the same litre of water create the same potential impact in every basin? Answer: No. The impact
depends on the water availability of the basin, the season, ecosystem needs and the demand of other users. In the
example, the same 1,000 m3 gave 2,000 and 50,000 m? world-eq in two basins.



3. Is the WFN grey water volume the same concept as an ISO 14046 water quality impact result? Answer: No.
Grey water is a theoretical dilution volume and is not a mandatory or default result in ISO 14046. The ISO route uses an
emission inventory, the receiving environment and chosen impact indicators.

4. Is the largest water volume always the most important hotspot? Answer: No. Volume and characterized impact
can be concentrated in different places. In the example cotton was 75.3% of volume and the on-site part was 60.2% of
impact.

5. Is ISO 14046 a product label or a certificate? Answer: No. It sets requirements on how to design, conduct and
report an assessment. Communicating the result as a label or declaration is outside the scope of the standard.

6. Is AWARE the mandatory method of ISO 14046 and at which level does it give results? Answer: No. AWARE
is an example of a widely used midpoint water scarcity method. It does not give endpoint human health or ecosystem
results. Its CF range is 0.1 to 100.

7. Must a water footprint result be a single value? Answer: No. It can be a single value or a profile of impact
indicators. A study based on a limited indicator uses a qualifier such as water scarcity footprint.

8. How is internal reuse treated in the inventory? Answer: It is tracked separately but not counted as new external
water input. If counted, the inventory is inflated. In the example, input would appear as 275,000 instead of 200,000 m3
and withdrawal intensity would be 37.5% too high.

9. Under which conditions can two water footprint results be compared? Answer: The functional unit, system
boundary, data period and quality, allocation rules, impact method and version, and geographical and temporal resolution
must be consistent. A critical review is expected for a public assertion.

10. What is the load in kg when 125,000 m? of discharge contains 12 mg/L of nitrogen? Answer: 12 mg/L = 12
g/m3. 125,000 x 12 = 1,500,000 g = 1,500 kg/year.

Glossary of key concepts (TR - EN)

Turkce English

su ayak izi

yasam dongisu degerlendirmesi (YDD)
amag ve kapsam

su ayak izi envanteri
etki degerlendirmesi
yorumlama

islevsel birim

sistem siniri

kapidan kapiya
besikten kapiya
besikten mezara
tahsis

kesme olgitu

su ¢ekimi

su taketimi

ic geri kullanim
depolama degisimi
su kutle denkligi

su akis semasi
karakterizasyon faktoru
orta-nokta

uc-nokta

su ayak izi profili

tek degerli su ayak izi

water footprint

life cycle assessment (LCA)
goal and scope

water footprint inventory
impact assessment
interpretation
functional unit

system boundary
gate-to-gate
cradle-to-gate
cradle-to-grave
allocation

cut-off criterion

water withdrawal
water consumption
internal reuse

change in storage
water mass balance
water flow diagram
characterization factor
midpoint

endpoint

water footprint profile

single-value water footprint



su kithgi ayak izi water scarcity footprint

otrofikasyon eutrophication
asidifikasyon acidification
ekotoksisite ecotoxicity

kirletici yaku pollutant load

alici ortam receiving environment
gri su ayak izi grey water footprint
karsilastirmali iddia comparative assertion
kritik gézden gegirme critical review
duyarlilik analizi sensitivity analysis
kritik nokta hotspot

veri kalitesi data quality
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Standards Institution). https://www.tse.org.tr/duyuru/ts-en-iso-14046-cevre-yonetimi-su-ayak-izi-eqitimi-2026
ISO, ISO/TR 14073:2017, Environmental management — Water footprint — lllustrative examples on how to apply
ISO 14046. https://www.iso.org/standard/72264.html

ISO, ISO 14044:2006, Environmental management — Life cycle assessment — Requirements and guidelines (with
Amd 1:2017 and Amd 2:2020). Last confirmed 2022. https://www.iso.org/standard/38498.html

ISO, ISO 14040:2006, Environmental management — Life cycle assessment — Principles and framework (with Amd
1:2020). Last confirmed 2022. https://www.iso.org/standard/37456.html

ISO, ISO 14067:2018, Greenhouse gases — Carbon footprint of products — Requirements and guidelines for
quantification. https://www.iso.org/standard/71206.html

Boulay, A.-M. et al., The WULCA consensus characterization model for water scarcity footprints: assessing impacts
of water consumption based on available water remaining (AWARE). International Journal of Life Cycle Assessment,
23(2), 368-378, 2018. https://doi.org/10.1007/s11367-017-1333-8

Seitfudem, G. et al., The updated and improved method for water scarcity impact assessment in LCA, AWAREZ2.0.
Journal of Industrial Ecology, 29, 891-907, 2025. https://doi.org/10.1111/jiec.70023

WULCA, What is AWARE (Available WAter REmaining)? https://wulca-waterlca.org/what-is-aware/

Addressing water quality in water footprinting: current status, methods and limitations. International Journal of Life
Cycle Assessment, 2020. https://doi.org/10.1007/s11367-020-01838-1

Water quality assessment in ISO 14046 water footprint studies: A systematic review. ScienceDirect, 2026. https://w
ww.sciencedirect.com/science/article/pii/52950263226001055

Hoekstra, A.Y., Chapagain, A.K., Aldaya, M.M., Mekonnen, M.M., The Water Footprint Assessment Manual: Setting
the Global Standard. Earthscan, 2011 (WFN grey water approach). https://www.waterfootprint.org

Franke, N.A., Boyacioglu, H., Hoekstra, A.Y., Grey water footprint accounting: Tier 1 supporting guidelines. Value of
Water Research Report Series No. 65, UNESCO-IHE, 2013. https://www.waterfootprint.org/resources/Report65-Grey
WaterFootprint-Guidelines.pdf

SATSO-SUBU Training Program, Lesson 7 purpose, learning outcome and scope.

Currency note: The current information in this material rests on sources accessible as of September 2026. The version
status of ISO 14046 (stage 90.60) may change. AWARE and AWARE?2.0 factors and database versions are being updated.
All numbers and CF values in the calculation examples are training data. In a real application, the relevant basin data and
the current factor table of the method must be used. For comparative assertions and critical review, the full text of the
standard must be read.


https://www.iso.org/standard/43263.html
https://www.tse.org.tr/duyuru/ts-en-iso-14046-cevre-yonetimi-su-ayak-izi-egitimi-2026/
https://www.iso.org/standard/72264.html
https://www.iso.org/standard/38498.html
https://www.iso.org/standard/37456.html
https://www.iso.org/standard/71206.html
https://doi.org/10.1007/s11367-017-1333-8
https://doi.org/10.1111/jiec.70023
https://wulca-waterlca.org/what-is-aware/
https://doi.org/10.1007/s11367-020-01838-1
https://www.sciencedirect.com/science/article/pii/S2950263226001055
https://www.waterfootprint.org/
https://www.waterfootprint.org/resources/Report65-GreyWaterFootprint-Guidelines.pdf

