The Water Footprint ofOrganizatiors
Local Measures in Global Supply Chains

Final reportWELLE project

SPONSORED BY THE

* Federal Ministry
of Education

and Research
WATER AS A GLOBAL RESOURCE



Consortium Technische Universitat Berlim Chair of Sustainable Engineeri
(Project coordinationFK 02WGR1429A)

' SUSTAINABLE ““[“
E ENGINEERING
Deutsches KupferinstitBerufsverbane.V.(FKO2WGR1429E)

Deutsches
Cu Kupferinstitut
Copper Alliance

EvonikNutrition & Care GmbKFK 02WGR1429C)

EVONIK

Leading Beyond Chemistry

Neoperl GmbHFK 02WGR1429D)

flow, stop and go”

Thinkstep AGFKO2WGR1428 (now Sphera Solutions, Irjc.

thinkstep

a @) sphera-company

Volkswagen AGFKO2WGR1429B)

VOLKSWAGEN

AKTIENGESELLSCHAFT

Duration 36 Months (April2017- March2020)
*TU Berlin FG SBEMonths (April 2017- November2020)

Coordinator Technische Universitat Berlin
Chair d Sustainable Engineering
Prof. Dr. Matthias Finkbeiner
Sekretariat Z1 / StralRe des 17.Juni 135/ 10623 Berlin
+4903031424341
matthias.finkbeiner@ttberlin.de

Das diesem Bericht zugrundeliegende Vorhaben wurde mit Mitteln des Bundesministerit
Bildung und Forschung unter dem ForderkennzeiOR8MGR14294efordert. Die ¥rantwortung
flr den Inhalt dieser Veroffentlichung liegt bei den Autoren.


mailto:matthias.finkbeiner@tu-berlin.de

Table of Contents

Table of Contents

TABLE OF FIGURES......cco oottt ettt e e et ee e e s ame bbbttt e e e e bbb e et e e e s e s maanbbbe e e e e e s e nnnrnees 5
ABBREVIATIONS ...ttt ettt oottt e e e e s s et bttt e ee e e e ateteeeee e e e st ansteee e e e e e aansbteeeeee e e nsssensseeeaeeaannsnbeeaaeesns 7
ZUSAMMENFASSUNG. ... cteeeee ittt ettt e et e et e e s et e e s e b ettt e e e e 4 aa s b e et e e e e e sameaan b b e et e e e e e amnbeee e e e e e sannmsnbnneeeeseanne 8
EXECUTIVE SUMMARY... . tttiiiie ettt iette et e e s e ettt e e e e e asa bt e eese e e e e e e aaasbeeeeeeeeaaaseeseameeaaeeaanbeeeeeaeesaassebeesamteeeesaansseees 10
KEY RESULTS. ...ttt ettt ettt et e e+ ookttt e e o4 o4 s b b e et e e et e e 44 e MR b e et e e e e e 4 a R b e bt e e e e ame e e s nbbbr e e e e e e anbnbreeeeas 12
N V= {0 1 L T @ I [ ] SRRSO 13
1.1 STARTING POINT FORETHROJIECT ..ttt iuittttettteeeaaaeeaesasasstsbeeseeeaeeaaaeaasssannbbbe e e e e e e e aeeeeaaaaannnbbebreeeaaaeeesanan 13
1.2 AIM ANDOBJIECTIVES ....cettttttttettttetttttu e s s s e e e e e e e aaaaaaaaaaateaeaeaetabesbabas s s s oeoeaeaeaeaaaeaeateeeeeeeseenbsbsnnnnnnnns 13
1.3 WELLB/ITHIN THEROW FUNDING MEASURE .....ccttttieeeetiaaiiintstbeeeeeeeeeesessasinsbsbeeeeeeeaeeaeessaaannnnnsneeeeeeeaeaeens 14
1.4 PROJECT PARTNERS. ...t tttttttttttttttttaaa e e e e e e e e e e e e e e aeaaaeeeeteeettestsbebbab b e e o e o e e e aeaeaeaeaeaeeeeeeeeessebnbnnnaa e as 14

2  STATE OFCIENTIFIC AND TEGEML KNOWLEDGE ..........ooiiiiiiiiiiieeiee ettt 17
21 WV AT EROOTPRINT ...ttt te ettt e et ettt e e e et eet e e et ettt e e e et e et e e et eetab e e e et eesban s e e aeeaab s e eeseesban s eeeeeesnneeeeennnnns 17
2.1.1 Impact assesSMENt MEINOMS. ..........uuiiiiiiicer e e e e e e e e e e e e e eeaeeeeeeeesennnes 18
2.1.2  INVENLONY JATBDASES .....ciiiiiiiiiie ittt e e et e e skttt e e s e bbbt e e e e s bbb e e e e s abb et e e s nnbreeea s 19

P2 I B 1T @ I3 = 1 (o F= 1 o N OO PP UPT T PP RTPTOPON 19

2.2 ORGANIZATIONALFECY CLEASSESSMENT. ....itiittieeeetetetstetansasaaaaaaaaaaaaaaaaaaetatasesesseessstnsnssnnnnnnaaaaesaeeaaeeeeees 20
8t R = - ox (o | 0T T T SR 20
2.2.2  MethodologiCal CharaCEIISTICS. . ... uvviiieiiiiiie ettt e s e e s enneeas 20
2.2.3 Advantages an@\PPlICALIONS..........ccooiiiiiiii e e e e aaaaaaaas 21
2.2.4  CUIMENt DEVEIOPMENTS ... itiiiii ettt e st e e e st bt e e e s et b et e e e sabe bt e e e s sabbeeeeeaabreeeeeanan 22

3 WORK PLAN AND METHTDIBDGY.....ceeteitiutttietteeaaatimseteeeeesaaaisteeeaaessasastamsseeeeaesasnsbsseeaesssnsssemsseeeeessannsnsees 23
3.1 WP1)DEVELOPMENT OF A MEDHFOR ASSESSIN®RBANIZATIONAL WAFERTPRINT. ....couvvveieeiiiiieeeeesieeeeeennes 23
3.2 WP2)GEOGRAPHICALLY EXPM@ATER INVENTORT BBASE. ......uvvtuiuruunnnniassaeseaaeaaaaarerererrressssrnsnnnnneaenens 24
3.2.1 WP2.1) Further development and automation of the bottopregionalisation approach................... 25
3.2.2 WHP2.2) Linking the bottomp and the topdown approach to an integrated ramalisation method....25
3.2.3 WP2.3) Provision of geographically explicit water inventory data.Sets..........ccccccveeeveeeeeiiicciinnnnen, 25

3.3 WP 3)WATEROOTPRINTOOL ....etevivittititttititieaaseseeeeeaeaeaeteseessesesssensnsana e aaaaasasaaaaaeaeasssssssssessnsnsnnnnnnnnnn 26
3.4 WP A)WATERFOOTPRINGASESTUDIES. ... .ttttteesitieeeessutteeeeeesaitteeeesastbeeeeesasbeeeeeesasbeeeeesanbbaeeeesannneseeesannnneeas 26
3.4.1 WP4.1) Evonik: Water footprint of a chemical and biotechnological productiofofiaenino acid....... 26
3.4.2 WP4.2) Volkswagen: Wasserful3abdruck des Produktionsstandortes Uitenhage, Sudafrika........ 27
3.4.3 WP4.3) Germandpper Institute: Water footprint of European copper production.......................... 27
3.4.4 WP4.4) Neoperl: Water footprint of the Neoperl GmBH...........cooooiiiiiiii e 27

3.5 WP5)ANALYSIS OF LOCAL BIRRISK. ....ciiieeeeeeeieieiee e et eeeetieiett s ss s s e s e s e e e aaaeeeeeteeeeeaeaeaesesssbstnanaeeeeaeaeaaeas 28
3.6 WP B)MITIGATION MEASURES ... uttttteiiuttiteeeiautteeeeesattteeee s astbeee e e s aaabe et e e s aabbe e e e e aebe et e e s annb et e e e snbneeeesanneneeenn 28

4 PROJECT RESULT S ...ttt ittt et mi ettt e e e ookttt e e oo s ab b s ens et e e e e e e abbee e e e e e e aanbbeeeameeeaeeeannneee 29
4.1 DEVELOPMENT OF TORGANIZATIONAWATERFOOTPRIN(OWFMETHOMTUBERLINWPL).....ceiiiiiiiiieiiiiieeeeee 30
4.1.1 Review Of eXiSting QPPrOACNES........ceii ittt ettt e e e e e e s e bbb e e e e e eaaaaaaeeeeaaanenen 30
4.1.2 MethOd deVEIOPMENL.........eiiii ittt e e e e st e e e s s bt e e e s snbb e e e e s snbneeeeeaan 31
413 t NI OGAGA2Y.SNDA..DAZARL.Y.QS . e 33

4.2 GEOGRAPHICALLY EXPM@TER INVENTORTBBASETHINKSTEAGE TUBERLINWP2)......eviiiiiiiiieeeiiieee e 34
4.3 ORGANIZATIONM/ATERFOOTPRINT ONLHIBOL TUBERLIN THINKSTERG WP3)....coiiiiiiiiiieieeeeee e 35
4.3.1  INAIreCt UPSIBAM GCHVITIES ...ceiiiie ettt ettt et e e e e e e et e e e e e e e e e e e e e s e et e beeeeaaaaens 35
N I T (= ot -V 1Y 11 TSP 35
4.3.3  IndireCt dOWNSIIEAIM ACHVILIES. ......uueeiiiiie ettt et e e e e e e s e s nb bbb e e e e e eeaeaeeeeeaaannnenen 36



Table of Contents

4.3.4  SUPPOITING GCHVITIES ....eeeeeiiiieeeiii ittt e e e e e e ettt e et e e e aa e e e e e s e bbb beeeeeeaaaaaaesaesaasnbbbsseeeaaaaeaaaaans 36
.35 RESUIES.....ceeeiie ittt ettt e e et bttt e e b e e et e e e b et e e e e s bbae e e e nnraeaas 37
4.4 ORGANIZATIONAATERFOOTPRINT CASE STBMMEPA). ...ttt e 39
4.4.1 Organizational Water Footprint of amino acid production lines (Evonik Industries.AG)................. 39
4.4.2 Organizational Water Footprint of Volkswaged LINB RdzOGA 2y &aAdGS | AGSYyKIF3IS A
WP4) 49
4.4.3 Organizational Water Footprint of the EU Primary Copper production (German Copper Alliance 5iW/P4)
4.4.4 Organizational Water Footprint of Neoperl GmbH (Neoperl GmbH, WR4)........ccccveeeiviiiiiiiinnnen, 63
4.5 WATER RISK ANALYBIEPS). ...ttt sttt e e ettt e e st e e e e e e s ensb b e e e e e anbbe e e e e ennees 71
4.6 WATER STRESS MITIGANTIWPE).......ciiiiiiiiieicie e e e e ettt e e e e e e e e e s s s s snnnbanan e e e e e e e e e s e s snnrnnnrnnnenneeeeeesnnennns D
4.6.1 Water SteWardShip MEASUMES.........uiiiiiiiiiee ettt e s e e st e e e e s bbb et e e s aanebreeeesnnneeeens 73
N o 0T [ o | U SPPRPRRRR. 74
4.6.3  SUSEAINADIE PIrOCUIEIMENT. ... ..eiiiiiiiiiee ettt ettt e s et e s b e e et e e s aabb e e e e e annnreee s 74
5 COMMUNICATION ANDSEBEMINATION. .. .ctttiitieeeiieeeeitiree e stteeessiteee s stbeee s ssbeneeessbaeeesnsteeesssbeeessnsensesssnsees 75
51 PEER REVIEWEDJRDIALS AND BOOK CHEIPS ......ceiitiiiiiiietttetntunaas e aaaaaaaaaaaaaaaaaaateteassssstassnnann s aaaaaaaaaasaaees 75
52 EXPERT AND PUBLIC HEBITE ......ceevttttttstntsusunaaasaaeeeeeaeaeaaeseseeessessssnssssssanaaaaaaasasaseeaeaaneesssssnnnssnnnsnnnnnnnnnnns 75
5.3 PRESENTATIONS. . ettt e et ettt s e ettt e e et ettt e e e e e et st e s e et e ee b s e e e e e e eab s e e et ee s s e e e e eesnb e e e et eebbnn e aaeebnnaeeeeenes 75
54 WIDEO AND FILIVL. ittt ettt e e e e e e e e e e e eeeeeeaetee st e s e e e e e e e e e e e e e et et eeeeeeesese s s sRas e a e ae s e s e e e e e eeeeaeaenenennnnnnnrnnnnn 76
55 DO C T ORAL THESES ..ttt eettttttt s eetttta e eeaeeteta s eeteeetaa s saeeeesa e e et et aeaa e s aeeee s s eetaess b seeeeesban e seennnsnnnaaeeenns 76
5.6 WWELLEIOMEPAGE ... tttttttitiieaas s s s s e e e e e e et e eeeeeeeeeeeessssebs s s e saeaeeeaeeaseaaaesesennnessnssnnnnnnnnnnnnnnssseseseseseseeeeeeeid O
5.7 WELLBRGANIZATIONM/ATEHFOOTPRINT TOQL .1tttttittiiiieinrutntnnaaaaaseaeeeeaeaaaaetaseeeeeennessssssnnnnnnnaaaaaaaeeeaes 76
6 CONCLUSION AND OUDIKD.........uetieiiiieeiitieeeamesiieee s ssteeeesteeeeatteessmeasbeeessmbeeeaanteeaeaseeessmessbeeesanteeessnsseessnnes 77
6.1 PROJECT PARTNGREFLECTIONS ON WELEPROJIECT.....cciviiiiiiiiiiiiiiiiiie e e e e e e e e e e e e e e et e e e eeeaaas e 7
6.1.1 German Copper Alliance (Deutsches Kupferinstitut Berufsverband.e.\M.)......ccccceveiiiiienieeiiinnnnnnn. 77
6.1.2  EVONIK INAUSTIIES AG...cii ittt et e et e e e e e e es e s s sttt e eeaeeeeesasaaasssbeaeeeeeaaeeeesaannnnsanes 77
00 G T N[ Yo o =T 4 I €1 1] ] = PR 77
I T I o101 (T o I € T PP OPPPPR PP 78
ST BT U = T 1o PP RRTPPR 78
B.1.6  VOIKSWAGENAG.....cciiiittiiie ettt ettt ettt ettt e e e ot et e e e e bbbt e e e e aab b et e e e s aab b et e e e e ek ba e e e e e anbbeeeeeaaabbneeaeaas 78
6.2 OVERALL CONCLUSEDEIUTLOOK ...t tttteteeeeeeeeeeeteteeeeesessbsssesssss s s s s s e e aeaeaeaseseseessssssssssssnnnsnassseseseseeeeaeeesd O
7 REFERENGCES..... .ottt et s e e e e et ettt me e e e e et et e te et eseeeeeeeeaamsseaeaaeeeeeaessan i teeeaeesemsanaeseeeeeeesssnnnnn 80



Table ofFHgures

Table ofFgures

HGUREL: WATER FOOTPRINT MEDHMATABASES AND TO@HSITPS/ WFTOOLSEETU-BERLINDE WFTOOLBNVATERFOOTPRINT

O N =10 ) PP PP PP PPPPPPN 18
HGURE2: EXAMPLES OF EIRT AND INDIRECTIXOTES WITHIN THE@ANIZATION AND AIGRHE VALUE CHAMARTINEZBLANCO ET AL

P20 ) PP PP PURP 21
HGURE3: CONTENT STRUCTUREKEE RESEARCH PROJECT ... tveitteiesiteeessresassseeasnsessssnesssnneassnseessnesesanneessneeesnnseeesnness 23

HGURE4: TOPDOWN REGIONALISATION WATER CONSUMRTIEOR PLASTICS USTHE EXAMPLE OFVAV GOLF(AGGREGATED

PRESENTATIOACTUALLY DIVIDEDGNNDIVIDUAL GROWIFSPLASTIES ..t ttieeeeeiiiitiiiereeeeteeeaaeaessaannsrsseeeeeeeaaaaeessanannns 24
HGURE: SCORES ATTRIBUTETHID EVALUATED APPBIIS . ......cvuiiitniitniiiteitnsesetanessnesansttstessesstsssasstntssnasstersessniersns 30
HGURES: THE FOUR PHASES CEORIGANIZATIONAVATEHOOTPRINT METHQD. ..euuiitniitiiteiieite et seteeeae st eesneeebnesanesnnnes 31

FHGURH: DIRECT AND INDIRECTIVITIES CARRIED @Y AN ORGANIZAT(BXAMPLE FOR THE PRONG INDUSTRXND GUIDELINES FOR
PRIORITIZING DATALCECTION FOR A WASERRCITY FOOTPRIRIDYREDHIGH PRIORITWELLOWAVERAGE PRIORIGREEN.OW

2] = RS 32
HGURE: ORGANIZATIONM/ATERFOOTPRINT PRACTITIONEESUIDANCE .....uciiitieiiiieeeiieeeeeeeeneeeeteeeeaan s esanaeeennaaeannaees 33
FHGURE: INPUT MASK OF THEELLIEDWVVFTOOL . ... it ieiitiiis ettt sttt e et e e e et e e e s e enbn e e e s eeaaan s 35
FHGURELO: VISUALIZATION OF TREEGIONAL WATER COMSTON IMPACTS .....uetttetieeereeeeeessssaasssneenseeeeesaeesssssnnsassssssseseeeeeens 38
FHGUREL1: VISUALIZATION OF TWETER CONSUMPTIORBEE CYCLE STAGE ...ttt i iutreiieetieietaeeessessnninnneeeeeeeeesssssnssnnnsnnneees 38
FGUREL2: BLUEWATERCONSUMPTION FAR'ONMETHIONINEPRODUCED ANTWERKKG WATER PER JON...ccvveeeiiiiiiiiiianenad A2
FGUREL3: BLUEWATERCONSUMPTION FARTONLYSINEPRODUED INBLAIRIKG WATER PER TON......euviiiiiiiiereeeeieeressneeeeeeees 43
HGUREL4: WATER SCARC(BEODATA PROVIDEDTBE METHOD DEVELGPERUSAAROUNIBLAIR AND IN THE RESPIVE COUNTIES

RELEVANT FOR CORRPEY......cttuuuitiiettttiuseeseesiaeseseesssisaessesstsseesesssssseeessssssnaeseesssanseeesssssnnieeteestsnnnneeennmnd A4
HGURELS: WATERSCARCITFOOTPRINT (FTON OF METHIONINE 1.tuuuttteetttiisseeeeeti s e e seesaniassesseastansessseassnsessssssssnnsesesessnns 45
FHGURELG: ANAL RESULCRADLE TGATE CASE STUBWATERSCARCITROOTPRIN[M3 WORLD EQUIVALBIFER TON OF LYS(ARVARE

HIGHCH-OR NOMHARACTERIZED FLIDWS.....ccevtveterereiertnrnnisssiasaseeseaasaaaessssesersssssmssssmssssnnnnsnsnsesesseesssssseeesseeeess 4D
FGURHA7: WATERSCARCITMOOTPRIN[M3 WORLD EQUIVALBRER TON OF SWINEELWEIGHT WITHOAASUPPLEMENTION(AWARE

LOWCHFOR NOMHARACTERIZED FLDWS - tttteetteteeeesessasuuseeeeeeereesesesssssassssssnneeeeeseeeesssmmnsssssssereenaseeeessssnnnssssee 4D
FGURHE8: WATERSCARCITMOOTPRIN[M3 WORLD EQUIVALBIRER TON OF SWINEELWEIGHT WITHOMASUPPLEMENTATIOAWARE

LOWCHFOR NOMCHARACTEZED FLOWS .....utttteeeiiieeeeeesitteeeeesantteeeesstbeeeesssinseeeessssseessssssnseesssssnseeessssnneeeesnnes: A0
HGUREL9: INITIAL WATER CONSUMN DISTRIBUTIONWIFENHAGE PLANT.....ettvtttiiieeeieeittieseeessntnneeesesinnneesessannseessssnnnns 51
HGURRO0: INITIAL WATER CONSUMIN DISTRUBTON IN THE SUPRIHAIN .....tetteeitiieeeeeeetiisesseessensseseesstsnnseesessnnssessesssnnns 51
FHGURRL: INITIAUMPACTASSESSMENT ARBGIONALIZATION. 1111t teetettititesessetuuasseesestennsseessesssnnsessaesssnseessesssnneeeeeesnnns 52
HGURR2: CORRECTED WATER CONPIUON DISIBUTION ABITENHAGE PLANT ...tvtutiettetiiiseeeeransseeseestsnnseesesssssnnsaassnsnnns 53
FGURR3: CORRECTED WATER CONSUON DISTRIBUTIDNTHE SUPPLY CHAIN.....eeiiiiiieeiieiieeeeereeeesessnneneinneeeeeeeeaeeesennnns 54
FGURR4: CORRECTHMPAQ ASSESSMENT ARBGIONALIZATION. ...t iitetieeieereeaeaeeesssassnstenseeeeeaaeesssssassssnssnsneeneeeeeeeans 54
FGURE25: EXCEL TOOL FOR CAACING THE EFFECTBIAERNATIVE FUELS......iiiiieieiieieeeeeeeeeeesessnineeeeeeeeeeeessssassnnnsennnees 55
FGURER6: POTENTIAL WTER FOOTPRINT REDOR IN ALTERNATMWEEIGATION SCENARIQS . ..cctteeeeeeieseeeinernnneeereeaeeesenannnene 56
HGURR7: SCHEME OF THE SYSBEMNDRY CONSIDEREBFTGENERAL LIMITATIQRESHTEUGOPPER PRODUCTION........cvvu... 58
FHGURR8: COMPOSITION OF AVEREBROPEAN COPPER SHMISHED PRODUCTSNFRRIMARY AND SEO@RY COPPER AND ORF-

COPPER ORA/ATERFOOTPRINSTUDY OF THEERMANCOPPERNSTITUTE WITH THECHNICAUNIVERSY OBERLIN............ 58
HGURR9: BLUE WATER CONSUMRI(ICEFFANDWATER FOOTPRIRIGH) FOR COPPER CATHRREDUCED BRU...................... 59
FGURE0: CHANGE IN THE SHAREBBWATER CONSUMRTIGEFYVS WATER FOOTPRINT @RDING TBWARE(RIGHT ... 59
FGUREB1: SCHEME OF WATER FLGWR A PYROMETALUIRG PRODUCTION REUS IT IS COMMONEUROPE. .......cvvveerreeeeennn. 60
FHGURB2: HOTSPOT OF LOCAL WRARESK .....eeettuueeeetttuteseeseastanseeeeestnnaseeesestsnnseeeestnnaeeesantanaeesessnnaeesesssnnnseeesesnnnnses 62
FGUREB3: NEOPERS ORGANIZATION MOBBR THE ORGANIZATAO WATER SCARGITDOTPRINT CASE STUDY..vvvvvereeeererineend 64


file:///C:/Users/Markus%20Berger/tubCloud/Sustainable%20Engineering%20-%20cloud/Projekte/Projekte%20Team%20IE/Aktuelle%20Projekte/WELLE/004_Reports/2020%20Abschlusbericht/ABGABE%20PTK/WELLE%20Abschlussbericht.docx%23_Toc52357602
file:///C:/Users/Markus%20Berger/tubCloud/Sustainable%20Engineering%20-%20cloud/Projekte/Projekte%20Team%20IE/Aktuelle%20Projekte/WELLE/004_Reports/2020%20Abschlusbericht/ABGABE%20PTK/WELLE%20Abschlussbericht.docx%23_Toc52357602
file:///C:/Users/Markus%20Berger/tubCloud/Sustainable%20Engineering%20-%20cloud/Projekte/Projekte%20Team%20IE/Aktuelle%20Projekte/WELLE/004_Reports/2020%20Abschlusbericht/ABGABE%20PTK/WELLE%20Abschlussbericht.docx%23_Toc52357608
file:///C:/Users/Markus%20Berger/tubCloud/Sustainable%20Engineering%20-%20cloud/Projekte/Projekte%20Team%20IE/Aktuelle%20Projekte/WELLE/004_Reports/2020%20Abschlusbericht/ABGABE%20PTK/WELLE%20Abschlussbericht.docx%23_Toc52357608
file:///C:/Users/Markus%20Berger/tubCloud/Sustainable%20Engineering%20-%20cloud/Projekte/Projekte%20Team%20IE/Aktuelle%20Projekte/WELLE/004_Reports/2020%20Abschlusbericht/ABGABE%20PTK/WELLE%20Abschlussbericht.docx%23_Toc52357608

Table ofFHgures

FGURB4: ACTIVITY CONTRIBUBAONNEOPERS BLUE FRESHWATERSTIMPTION. ....vvvvvrereeeeeesessnnrannennereeeeeessssssnsnsnseeeneees 65
FGURE5: TOTAL FRESHWATERISUMPTION BY COUMTRICATION ....cceitiiiuttttrerrereeseseessssssnsnnsnnseensesaeesseessssnnssnssnereeeeees 66
FHGURE6: TOTAL WATER SCARQIPACTS BY ACTIMTETEGORY....uuuueeteetttteeeesersuunseesesssnsasessssssnnaessensnnaeesssessnnnieeesenmnns a7
FGURB7: TOTAL WATER SCARMIPACTS BY LOCATIOBUNTRY. ....ccevtrirrrrrrntntnunnnaseeeeaeaaeaaaesaeesesessesesssnnsnnnnnnaaasaaasaaees 67

FGURE38: COMPARISON BETWEEN FRESHWATER CONSUGIR AND THE POTETWATER SCARCITRARITS OF STAINLEEES AND
PAG.ACOMPARISON BY MASBROVIDED INAND B; ) AND ) COMPARE THE RESWOR THE RESPECAMBUNTS OF STAINLESS

STEEL ANBAGNEEDED TO REINFOREE SAME NUMBER @FSESCALCULATIONS WERELREZD VIA TAMFELLEOOL............ 70
FHGURE39: QUESTIONAIRE TO ESWME AN ORGANIZATE®MWATER RISK AT BEEENT SITES ... uuuoieerereieeeeeeeeeeeeeeeeenenennnnnnnnnnnnns 12
HGUREO: MEASURES FOR REDUBMWGRGANIZATIONARTER FOOTPRINT ANE LIFE CYCLE STA@®HSH THEY TARGET..........73



Abbreviations

Abbreviations

AWS
DKI
EMAS
EWP
Glz
IWaSP
IWRM
LCA
NGO
OEF
OLCA
OWF
PEF
SETAC
TUB
UNEP
WP

WULCA

Alliance for Water Stewardship

German Copper AllianceDeutsches KupferinstituBerufsverband
EceManagement and Audit Scheme

European Water Partnership

Deutsche Gesellscfidir Internationale Zusammenarbeit
International Water Stewardship Program

Integriertes Wasser Ressourcen Management

Life Cycle Assessment

Non-Governmental Organization

Organizational Environmental Footprint

Organizational Life Cycle Assessment

Organizational Water Footprint

Product Environmental Footprint

Society of Environmental Toxicology and Chemistry
Technische Universitat Berlin

United Nations Environment Programme

Work Package

Water Use in LCA



Zusammenfassung

Zusammenfassung

SuRwasser ist fir Menschen und Okosysteme eine liberlebenswichtige Ressource. Weltweit sind jedoch viele
Regionen von Wasserknappheit betroffen. Organisationen wie bspw. Produktionsbetriebe oder
Dienstleistungsunternehmen messen und steuern Wasserverbrauch i.d.R. an ihrem Standort, vernachlassigen
aber haufig die indirekte Wassernutzung. Als indirekte Wassernutzung wird der Anteil am Wasserverbrauch
bezeichnet, den eine Organisatidmspw. durch den Bbau von Rohmaterialien, der Produktion von
Zwischenprodukten oder Energizeugungentlang von globalen Wertschépfungskettearursacht Dieser
indirekte Wasserverbrauclist haufig um ein Vielfaches héher als der direkte Wasserverbrauch einer
Organisation

Vor der Durchfihrunges WELL-Eorschungsvorhaberistierte keinstandardisierte lebenszyklusbasierte
Ansatz zur Analyse des organisationsbezogenen Wasserverbrauchs (im folgend&viaasenfu3abdrugk

Vor diesem Hintergrund wurde das vom BMBFOgidrte ForschungsvorhaberiWater Footprint for
Organizations Local Measures in Global Supply Chains (WELtEYer TU Berlin, Evonik, dem Deutschen
Kupferinstitut, Neoperl, thinkstep und Volkswagen ins Leben gerui#as Ziel von WELLE war, es
Organisitionen darin zu unterstiitzen, ihren vollstandigen organisationsbezogenen Wasserful3abdruck zu
ermitteln. Darliber hinaus sollten Organisationen befahigt werden, Schwerpunkte ihres Wasserverbrauchs
entlang globale Wertschopfungsketten zu identifizieren unMalinahmen zu initiieren mit denen
Wasserverbrauch reduziert werden kann, um in Ubernutzten Einzugsgebieten Wasserknappheit zu
reduzieren.

Im Rahmen des WELEBrschungsvorhabens wurde eine Methode zur Analyse eines organisationsbezogenen
Wasserfuf3abdruck§OWF) entwickelt, die den Wasserverbrauch einer Organisatioth den daraus
resultierenden lokalen Auswirkungen entlamgn Wertschopfungsketta ermittelt. Der OWF berlcksichtigt

also entgegen gangiger Praxis nicht nur den direkten Wasserverbrauch adot$taimer Organisation,
sondern auch den indirekten Wasserverbrauch, welcher bspw. durch Energieerzeugung und
Rohstoffproduktionyorgelager}, Nutzungsphase und am Lebensenuchgelageitauftritt. Zusatzlich wird

aber auch der direkte Wasserverbrauater Organisation bertcksichtigt, der bspw. durch eigene
Produktionsprozesse, Bewéasserung von Griinanlagen, Versorgung der Mitarbeiteeugsacht wird

Den Ausgangspunkt der methodischen Entwicklung des OWF bildete eine Analyse verschiedener bestehender
Ansatze zurErmittlung des Wasserverbrauchs von Produkten und Organisatioff@nmin et al. 2018).
AnknlUpfend an diese Analyse wurdee dOWFMethode basierend auf zwei bestehenden Standards
entwickelt. DerWassefFuRabdruck (ISO 140p6nd organisationsbemene Okobilanzierung (UNEP 2015).

Eine wissenschaftliche Gegenlberstellung identifizisge/ohl komplementare als auch widerspriichliche
methodische Aspekte beider Standards. Auf Grundlage dieser Analyse wurden methodische Anforderungen
an den OWF erarbigit, welche die Festlegung des Ziels und des Untersuchungsrahmens, die Sachbilanz, die
Wirkungsabschatzung und die Auswertung umfags@min et al. 2020a, b)ym Akteuren die OWHKethode
zuganglich zu machen, wurde ¢inNJ O A 2 y S N@dentixtzivBdhef Gi& OWHMethode klar und
pragnant darstellt und in dem jeder Schauiirch ein Fallbispielillustriert wird.

Wahrend die meisten Organisationen ein gutes Verstandnis ihres direkten Wasserverbrauchs haben, gestaltet
sich die Erfassung des inditek Wasserverbrauchs entlang vorgelagerter Schritte der Wertschopfungskette
haufig als schwierigJm dieser Problematik entgegenzuwirkevurde von Thinkstefbasierend auf der GaBi
Inventardatenbankdie WELLPatenbankmit iber 160 Datensatzeantwickelt Die Datenbankbeinhaltet

nicht nur Inventardaten zum direkten Wasserverbrauch einer Organisation (bspw. Geschéftsreisen oder den
Betrieb einer Kantine), sondern umfasst agelografisch differenzierte Inventardaten zum Wasserverbrauch

der indirekten Aktritaten einer Organisation wie bspw. Rohstoffabbau oder Energieerzeugung.

Um die Anwendung der Methode und der Datenbank zu erleichtern, wurde das WELEEOOGWRtwickelt.
Dieses ermdoglicht auf Basis des direkten Wasserverbrauchs an Standorten, veeveRidistoffe,



Zusammenfassung

Zwischenprodukte und Energie sow@eschaftsreisender Nutzung von Betriebsgebaudemd anderer
Aktivitdten, den OWF online im Webbrowser zu ermitteln.

Die Anwendbarkeit der OWHethode wurde von vier Industriepartnern aus verschiedenen @ekt in
Fallstudien demonstriertEvonik Nutrition & Care GmbH untersuchte zwei Produktionslinien fir die
chemische und biotechnologische Herstellung von Aminosduren und deckte einen Hb&ipeinem
Zulieferer von Maisn den USA auf. Volkswagen AG etatié den OWFflr den Produktionsstandort in
Uitenhage, Sudafrika. Mehr als die Halfte des WaBs&abdrucks des Werks wurde durch die Produktion
von Elastomeren und Stafitisenkomponenten in verschiedenen Weltregionen verursacht. Der Deutsches
Kupferingitut Berufsverband e.V. fihrteinen OWHUr die gesamte europaische Kupferproduktion durch,
welchermal3geblichdurch den Abbau von Kupfererz in Lateinamerika dominiert wurde. Die Neoperl GmbH
analysierteOWFdes gesamten Unternehmens und identifiziertie @ingekauften Materialien Messing und
Edelstahl al¥erursacher voi74% deOWFE

Neben der Beféahigung von Organisationen, in@WNFzu bestimmen und zu analysieren, wane weitere

zentrale Zielsetzung des WEHRdEschungsvorhabensOptionen zur Mindemg von Wasserknappheit
entlang globaler Wertschopfungsketteon Organisationen zu identifizieren. Die vier WEERHEstudien und

andere Studien haben gezeigt, dass der direkte Wasserverbrauch einer Organisation nur zu weniger als 5%
desOWFbeitragt. Augdiesem Grund misseMinderungsstrategien die gesamte Wertschopfungskette einer
Organisation berlcksichtigen. Neben auf den Standort fokussierten Umweltmanagementsystemen (EMAS,
ISO 14001) werdehVater Stevardship Okodesigminsatze und nachhaltige Beschaffjisstrategien als
Gegenmalinahmen z&eduzierungeines OWIEmpfohlen.

Mit der Erstellung eines OWF kénnen Organisationen ihren Wasserverbrauch und die daraus resultierenden
Auswirkungen am eigenen Standort und entlang globaler Wertschdpfungskedtamtteln. Die
Informationen helfen OrganisationenWasserrisikenzu reduzieren und in Einklang mit dem Ziel fur
nachhaltige Entwicklung 1@achhaltige/r Konsum un@roduktion) zu einer nachhaltigeren Nutzung der
weltweit begrenzten StBwasserressourcerzioagen.



Executive Summary

Executive Summary

Freshwater is a vital resource for humans and ecosystems but is scarce in many regions around the world.
Organizations measure and manage direct water use at their premises but usually neglect the indirect water
use associated whit global supply chaing even though the latter can be higher by several orders of
magnitude.

As of 2015, there was no standardised-tifglebased approach for analyzing the water consumption of an
organization. Against this background, the BMBF fun@&d S NOK LINRP 2SO0 a2 SN C22
¢[ 20Kt aSF&adz2NBa Ay Dfz2olf {dzllX & / KIAya 0629[[90¢
Institute, Neoperl, thinkstep and Volkswagen. The project aims to support organizations in deteythigin

complete Organizational Water Footprint, identifying local hotspots in global supply chains and taking action

to reduce theirwater useand mitigate wateistressat critical basins.

Within the WELLE project a method for analyzing an OrganizatWatdr Footprint has been developged

which analyzes y 2NBIF YAT F A2y Q& 61 GSNJ dzaS | yR NB&adz GAy3I |
other words, the Organizational Water Footprint considers not dhby direct water use at production
facilities, but also the water useiddirectlyfor energy generation and raw material production (upstream in

the supply chain) as well as water use during the use andoétite phases of products (downstream).
Additionally, all aspects of the organization itsa# included, such as the water used by the cleaning service,
GKS 2NBFYAT A2y Q3&aAsa stakiRgdeint foryhR methbd/dévléyicakisBni @ethods

and approaches for analyzing an organizations water use have &eaiyzed(Forin et al. 2018)The
Organizational Water Footprint method builds two environmental assessment frameworkéich have

been identified assuitable for the purpose of this projectWater Footprint (ISO 14046, 2014nd
Organizationalife GycleAssessmen(UNEP 20157 detailed juxtapotation of the two standards was carried

out, to identify complimenting as well as confligfirmethodological aspects. Based on this analysis,
methodological requirements for the organizational water footprint were proposauprising the goal and

scope definition, the inventory analysis, the impact assessment and the interpre{&oim et al. 2020a, b)

To support stakeholders in conducting Organizational Water Footprint studiegya O A (1 A 2 ¢HasB Q D
been published, which presents the method in a clear and concise way by illustrating each step with a practical
example.

While most organizations can monitor their internal activities rather easily, they rely on external data about
the water consumpon of their indirect upstream activities (e. g. material and energy supply ch&orghis

reason the WELLE datababas beerintroduced which provides water consumption data of an ordanizA 2 y Q &
indirect activities (material and energy purchase, business trips, canteens, etc.) in a spatially explicit way
. FaSR 2y LliefOkl¢AssessiBanifatibaseGaBi8, ca. B0 datasetsare provided

In order to facilitate the application of theethod and the database,\&ELLE online tohas been developed

which allows for determininggn 2 NBF yAT F §A2y Q& 6+ GSNJ F220LINARyYy (i o@
production sites, purchased goods and energy as well as supporting activities such as business trips or
buildings.

In order to test their validity and applicability, the previously developed method, database and online tool
have been tested in four case studies daoted by industry partners representing different sectors and
scopes Evonik examined two production lines for the chemical and biotechnological production of amino
acidsand revealeda hotspot in its corn supply chain in the USAolkswagen conducted arganizational

water footprint for the production site in Uitenhage, South Afriddore than halfof i KS LJ | y i Qa
footprint has beencaused by the production aflastomers and steel/iron componenis different world
regions The German Copper Insttei conducted a water footprint for the entire European copper
production which was dominated by the mining of copper ard_atin AmericaNeoperl analyzed the water
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http://wf-tools.see.tu-berlin.de/wf-tools/owf/#/calculation

Executive Summary

footprint of the whole companydentifying brass and stainless steelthe two purchasednaterials which
are responsible fov¥4% of the compar® water footprint

Next to enabling organizations to determine and analyze their water footprints, it was a central goal of the
WELLE project to identify options to mitigate water stress athotsdot8 3 2 NBI yAT I A2y aQ
F2dz2NJ 29[ [ 9 OFrasS aiddzRASa FyR 20GKSNJ aidzRASa KI @S &
contributes to less than 5% of its total water footprint only. For this reason, optimization strategies need to
condh RSNJ Iy 2NEFYAT (A 2y QasiteSobusddedirohenntalz8anagénierit gystemb S E (i
(EMAS, 1SO 14001), water stewardship measures, ecodesign approaches, and a sustainable procurement
strategy are advocated

By analyzing their Water Footpritorganizations can determine water use and resulting local impacts at
LINBYAAaSa yR aoSeé2yR (KS FTSyO0S¢ Fft2y3a 3It20Ft &dzLd
O2yGNROGdzGS G2 | Y2NB adzaidlAylrofS dzaS 2F GKS g2NIR
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Key Results

Key Results

Reports and Tools

T WELLE Website:

https://welle.see.tuberlin.de/

Organizational Water Footprintr&ctioner€Xsuidance:

https://welle.see.tu-berlin.de/data/OWF Guide.pdf

Regionalized water inventory database:

http://welle.see.tu-berlin.de/data/

WELLE database documentation:
http://welle.see.tu-berlin.de/data/WELLE _DB_Documentation.pdf

Organizational Water Footprint (OWF) online Tool:

https://wf -tools.see.tuberlin.de/wf-tools/owf/

Saentific Publications
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1 Introduction

1 Introduction
1.1 Starting point for the project

Freshwater is sustainingfd on our planet but is under increasing pressure due to population growth,
increased water consumption and pollution as well as climate change. Facing freshwater scarcity is one of the
major challenges of the 21st century and included in the Sustairiaéelopment Goals as a fundamental

target of the international communitfUN 2015)Also,the World Economic Forum has been highlighting the

Gol GSNI ONR&E&AA&E & 2yS 2 F(WEKS20&)2L) It 261 f NRE&A1AEA F2N

Water resources are unevenly distributed across the globe, which makes water seal@iigi problem at

many places around the world. At the same time, international trade is expanding, and supply chains have an
increasingly transnational character. Water that is used in basins subjected to scarcity, often located in the
Global South, imtegrated in production processes of industrialized countfiesnzen et al. 2013; Tukker et
al.2014%p ¢ Kdza> | adaAadlAylrofS dzasS 2F GKS 62NXI RQa f AYAl

It should be noted that the term water use denotes the tdi@shwater input into an organization. Water
consumption (consumptive use) is the fraction of water use which is not returning to the originating river
basin due to mainly evaporation and transpiration as well as product integration and discharge ieto oth
basins or the sea. Water pollution (degradative use) describes a use of water which reduces water quality.

So far, most organizations only measure water use of their own facilities by means of environmental
management systems or other internal accougtimethods. These approaches, though giving an overview
concerning orsite water demand and potentiaéddzOG A 2y Y SIF adzNBa 4 GKS FI OAf
F2N) 0KS 6K2tS &ALIKSNB 2F AyFtdzSyOS 2F | yerdadEnt y AT |
studies of industrial produs have revealed that water use at production sites is usually the tip of the iceberg
2yfted ¢KS fFNBSAG LINI 2F | LINPRdAzOGQa o6 GSNJ dzaS
production of agricultural goods, the mining of minemources, or the generation of fosbsed electricity

(Berger et al. 2012, 2017; Forin et al. 2019a)

1.2 Aim andObjectives

The aim of this research project was therefore, to develop methodological and practical solutions for
determining the water footprint oforganizatons and, thus, to consider not only direct water use at the
production site but also indirect water uses in the energy and material supply chains. Based on the results,
opportunities to take actions at local hotspots in global supply chairadl be identied and validated.
Typically, an organization is broadly defined as an entity which pursues a specific goal or activity such as
producing goods or providing services, for exampiganizatiors, public authorities, NGOs, etc.

In order to achieve the ovall aim, the following scientific/technical work objectives were pursued. The
concrete work steps for achieving these sydmls are described in chapter 3.

1) Development of a method for the water footprint obrganizationsbased on the product water
footprint and the organisational life cycle assessmeBy combining the product water footprint and
the organizational life cycle assessment, a methas developed which allows to investigate the
direct and indirect water consumption oharganizationand to stow potential local consequences
(seeWP]) Development of a method for assesg an organizationalater footprint).

2) Providing a geographically explicit water inventory databada order to be able to estimate the
local consequences of water consumption, information about the place of water consumption is
essential. However, especially in the case of indirect water consumption in the energy and material
supply chains, such information is often not available. In otdefose this crucial information gap, a
method for providing geographically explicit water inventory detas developed and a database
made available (sed/P2 Geographically explicit water inventory database
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3) Linking the method and database in a water footprint todh order to support the applicain of the
organisationalvater footprint, an onlinesoftware toolwasdeveloped that links the method and the
database (se®VP3) Water Footprint Togl

4) Creation of the water footprint for case studies of the industrial partnerk order to test the
applicability and informative value, the method of the organizational water footprint, the database
and the toolwere tested in cae studies of the industrial partners (s@&4) Water Footprint Case
Studies. In addition to the practical test of the developed method and database, the water footprint
studies also servbto make the supply chamof the industrial partners more transparent, to
strengthen cooperation with suppliers and to uncover optimization potential.

5) Detailed analysis of the local water risk of relevant sites and suppliéfer the Water Footprint
case studies have identifildcal hotspots, the concrete existing water risk at the site of water
abstraction should be analysed (S@#5) Analysis of local water k&

6) Water use mitigation measures in cooperation with local stakeholder€oncrete water use
mitigation measureswere initiated to improve the localvater usesituation (seeWP5) Analysis of
local water rig).

1.3 WELLBvithin the GRoWundingmeasure

The research project presented in this @at outline is closely related to the funding policy objectives of the
funding directive "Global Resource WatdFONAGRoW 2015pnd the underlying framework program
FONA3BMBF 2015)In this consortium, the TU Berlin diseverabrganizationsof different sizes and from
different sectors have joined efforts to develop solutions to a problem that has long been relevant to them.
This not only emphasizes the intended collaborative character of the consortium, but alstofufljies with

the change in research policy perspective required by FONA, from a promotion of supply to a promotion of
demand. By developing a method for analyzing and reducing the water footprimtgahizationsn their

global energy and material sugpthains, the project is in line with the research and innovation policy goals
of "using resources intelligently and carefully” and "assuming international responsibility”. Within FONA,
there are many similarities with the objectives set out in the GreemnBmy Flagship Initiative, such as the
"provision of decisiommaking knowledge". This can be seen especially in the Water Footprint Tool to be
created to support concrete business decisions. Especially in the field of raw materials, water and land, the
project complies with the principle "to achieve a careful use of finite resources in production [...]" by
"considering complete value chains and networks as well as product life cycles". With regard to the funding
measure GROW, the project serves the objectf "improved and forwardboking management of water
resources The project objective of developing a method for determining the water footpriotganizations

and, if necessary, initiating local measures in global value chains, corresponds inisd wpgcto the
overarching principle of "linking local and global action". The project goal of reducing the water footprint of
organizatiors in waterscarce regions and minimizing local consequences for human health and ecosystems
supports the achievemer2 ¥ FTA PGS ! b adzadlrAylroAftAde 3F2Frtay awSalL
2 0SNIFYR {IYAUGlIOGA2ydaT oa%SNER | dzy(GNS2I5pWithid thefuding y [ |
measure, the project is particularly focused on the topic "Global Wa&mnand" and corresponds exactly to

the objective of "Describing the effects of production processes on water systems (water footprint) and the
associated risks".

1.4 Projectpartners

In the research projedVELLETheWater Footprintof CompaniestL.ocal Meastes in GlobaSupplyChains",

a research institution (TU Berlin), two corporations (Volkswagen and Evonik), a m&daoncompany
(Neoperl), an industry association (German Copper Institute) diig &y/cle Assessment database provider
(Thinkstep) haveojned forces to form a consortiuntéblel). The aim of the consortiumvasto combine the
methodological competence of the TU Berlin, the practical experience of the industry partners and the
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expertise on inventorglatabases of Thinkstep to develop a methoddoganizationalvater footprint and to
implement local improvement measures at hotspots in the global supply chains ofghaizations

The development of a method for determining the water footprintoofanizations(WP1.) wasled by the
TU Berlin due to the methodological preliminary work on the water footprint and the organisatiated life
cycle assessment. The industrial partners contriduteir requirements for such a methotP1.3. As the
world's largest provider of inventory databases, Thinkstgsleading WP 2, in which a database for water
use in energy and material supply chawas developed in cooperation with the TU Berlid/P2.1).
Furthermore, Thinkstep providea geographically explicitater inventory database/fP2.3 which is freely
accessible. The linking of the method and databaseninrdineWater Footprint ToolWP3 waspursued by
the TU Berlin and Thinkstep. WP4 each of the 4 industrial partners, with the support of the TaJliB,
conductedan Organizatioral Water Footprinte.g.for a production site (Volkswagen), two production lines
(Evonik), a company (Neoperl) or an industrial sedg@rnan Copper Instituje For the identifiechotspots
the TU Berlin, in cooperation witthe organizatiors, carri@ out an analysis of the locally prevailing water
risks (WP9. Based on these results, tleganizationswith the support of the TU Berlin and external local
partners, examing options to improve the local situation in the rivdrasins by means afitigation
approachegWP§. Finally, the experiences from the projeeere summarisedy the TU Berlin to provide
recommendations for linking the water footprint and Water StewardsMfP7.). The industrial partners
provided sectorspecific recommendations for the implementation of similar projects in their industrial
sectors WP7.2.

Tablel: Brief description of the partners in the research project "Water Footprint for Compénieal Measures in Global Value
Chains”

Technische The Department of Sustainable Engineering at the TU Berlin teache®addctsresearch
Universitat on the implementation of the concept of sustainabilitydayto-day industrial practice.
Berlin With regard to the sustainable asof the resource water, the TU Berlin has alrea

conducted more than ten water footprint case studies for industrial partners. In addit
the department has developed methods to analyse the local consequences of v
. consumption in global value chainhese resultsare implemented ininternational
working groups of UNERIoreover,Prof. Dr. Finkbeiner is chairman of the {6@mmittee
TC207/SC5, which developed the international standard on the water fooi(pp&ax 14046
2014)
Volkswagen AG The Volkswagen Group, headquartered in Wolfsburg, is one of the leading autom
manufacturers worldwide andhe largest automobile producer in Europe. In a stu
VOLKSWAGEN carried out together with the Technical University of Berlin, the water consumption
local consequences along the product life cycle of cars (Polo, Golf, Passat)
investigated. Based on this studyhich was the world's first water footprint analysis of
complex technical product, a Water Footprint Tool was developed, with the help of w
the water footprint of all VW vehicle models can dyg@proximated
Evonik AG Evonik is a global leader specialty chemicals with three operatiorsslgments "Nutrition
& Care", "Resource Efficiency" and "Performance MateriasVell aghe service segmen
"Technology & Infrastructure”. Evonik focuses on kjgbwth megatrendsespecially
health, nutrition resource efficiency and globalization. The Nutrition & Care segr
N / produces mainly for applications in consumer goods for everyday use, animal nutritio
EVONIK health; areas in which water is particularly relevant. Evonik has developed methoc
measurirg resource efficiency (including water efficiency) in cooperation with TU Ber
a BMBHunded project (r3 ESSENZ).

Neoperl GmbH Neoperl GmbH offers innovative solutions ftie sanitation industry Neoperl products
shape the water jet, reguta the flow rate and protect water from contamination. i
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cooperation with the Technical University of Berlin, Neoperl has investigated the w
footprint of a flow regulator and compared the water consumption during production w
the water savings dumg usage.

The German Copper Institute is the most important technical and scientific advisory ¢
in Germany for all questions concerning the application of copper and its altoigsin

charge of the competence centre for life cycle analyses for copper and copper mat
and therefore has an extensive inventory database for the mining, refining and proce
of copper. In two research projects with the Technical UniversitBerlin, the water
consumption in copper mines, copper refining and séimished product production was
investigated and its local consequences assessed.

ThinkstepAGis a consulting firm and a software and database provider that is acti/2
countries and has supported more than 2,000 companies in achieving their sustain
goals. As the provider of the world's leading GaBi LCA inventory database, Think
currently working to provide geographically explicit water data for itsmery records to
enable analysis of the water footprint in industrial applications. For this purpose
exchange with the TU Berlin has already taken place to achieve this goal.
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2 State of scientific and technical knowledge

In the following, the state acientific and technical knowledge at the beginning of the project regarding water
footprint andorganizational Life Cycle Assessment is presented (ch@pter

2.1 Water Footprint

Two billion people live in coun&s experiencing high water stress, and more than four billion lack access to
basic sanitatiofUN Water 201%p ¢ KS a gl G SNJ ONRaAa¢eg Aa Ozyaialyiate |
reported by the World Economic Forum in its annual global risk re@fEF 2020b)The link between the
global water crisis and our pduction and consumption of water intense products has been made
OGN} yaLIl NByd oe& 02yOSLJia tA1S GaxANIdzrf 2FGSNED ¢ KA
production of goods and services, differentiating the consumption of ground and surfaee (lvate
water), soil moisture (green water), and the pollution of freshwater (gray water). By revealing surprisingly
high volumes, like 140 liters per cup of coff€@hapagain and Hoekstra 200dp to 15,500 liters per
kilogram of beefHoekstra and Chapagain 20@r)2,700 liters per cotton -Ehirt (Chapagain et al. 2006)
O2yadzYSNE KI @S 06SSy YIRS gl NS 2F (GKS KAIK agl GSN
of global freshwater appropriation figures for avaess raising and analyzes of virtual water trade via
imports and exports of products, such volumetric approaches have been criticized for the lack of
environmental and socieconomic meaningRidoutt and Huang 2012fror instance, thlocal
conseguences of consuming 1 m3 of rainwater in Sweden do not compare to those resulting from the
consumption of 1 m3 of groundwater in Egypt.
In order to add this local component to the WF concept, methods assessing local consequences resulting
from water use have been developed within the scope of life cycle asses¢Berger and Finkbeiner
2010) Some of those impact assessment methods estimate the local consequences of water consumption
based on freshwater scarcifi?fister et al. 2009a; Boulay et al. 2017; Berger et al. 20@8)er methods
allow to assess the effects of water consumption on:
1 human health and welbeing (due to malnutritioriPfister et al. 2009a; Boulay et al. 2011a; Motoshita
et al. 2018)r infectious diseasg®Boulay et al. 2011a; Motoshita et al. 2011a)
1 ecosystems (terrestriglPfister et al. 2009a; van Zelm et al. 2011; Lathuilliere et al. 2@dB)atic
(Hanafiah et al. 2011a; Damiani et al. 2Q1®)astal(Amores et al. 2013wetlands(Verones et al.
2013) urban(Nouri et al. 2019)
1 freshwater resourceéMila i Canals et al. 2008; Pfister et al. 2009a; Pradinaud et al. 2019)
The scientific advancement of the WF concept and relevance of Igioishwater use has led to the
development of an international WF standard which specifies principles, requirements and guidelines related
to WF analyses of products, processes and organizafiSms 14046 2014)

In order to present the state of the art which is relevant for the project, impact assessment methods from
the life cycle assessment, inventory databs, tools for determining the Water Footprint and the
international standard on the Water FootpriitSO 1404&014) are presented belowAn overview of
concepts, standards, tools, databases and data sets as well as impact assessment methods concerning the
Waterfootprint is also available vigtps://wf -tools.see.tuberlin.de/wi-tools/waterfootprint-toolbox/.
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'.E ||||[““ Water Footprint Tools About Imprint

Water Footprint Toolbox

The Water Footprint Toolbox is an interactive list of concepts, standards, tools, databases,
data sets and impact assessment methods concerning water footprinting. Click on the
buttons below to filter for specific list entries. Alternatively, type a string into the search
field of a column header to filter the list entries based on a specific search string or
navigate using the scrollbars.

Concepls & Standards Databases and Inventories

Impact Assessment Methodologies
Area of Protection (AoP)

Reset filters and show all JEeTTLEY

Title Author Year Source Type Level of application System boundary Scope

sssss h.. search .. No filter No filter No filter Nofi

Virtual Water: A Strategic Resource, Global Solutions to Regional | Allan 1998 | http://doi.wiley.com/10.1111... |Concept Variable
Deficits.

Biodiversity Impacts from Salinity Increase in a Coastal Wetland | Amores et al. 2013 https://doi.org/10.1021/es30... | (Life Cycle) Impact Assessment | Dependent on the objective or | Dependent on the objective or | Er

Methodology standard/guideline standard/guideline (0]
B

Operational characterisation method and factors for a new Bayart et al. 2009 Not available (Life Cycle) Impact Assessment | Dependent on the objective or | Dependent on the objective or | W

Figurel: Water footprint methods, databases and to@lgtps://wf -tools.see.tuberlin.de/wftools/waterfootprint-toolbox/).

2.1.1 Impact assessmemtethods

Impact assessment models are used to describe the local effects of water consumption. The basis of most
generic modelgPfister et al. 2009b; Boulay et al. 2011b; Berger et al. 281a scarcity ratio of local water
consumption to local water availability. This indicates the proportion of renewable water resources
consumed locally.

In addition to the generic models, there are also numerous specific impact assessment methods that can be
used to determine the local impacts of water consumption on the three protected areas "Human health",
"ecosystem quality" and "resources" are described&bynina et al. (2013T he causesffect chain on human

health is currently described by several impact assessment models. On the one hand, health damage caused
by malnutrition due to agricultural water scarcity modelled(Motoshita et al. 2008, 2014; Pfistet al.

2009b; Boulay et al. 2011Hyurthermore, infectious diseaseaused by insufficient fresh water quality as a
consequence of water consumption have been modelled on a global @dateshita et al. 2011b, 2014;
Boulay et al. 2011b)

The impact pathways from water consumption to ecosystem guality are more complicated and the objectives
and approaches to determining potential damage he:ncemore divese. For terrestrial ecosystems, the
potential extinction rate of soil plants, representative of reduced plant growth due to global water
consumption, is used as an indicat{ffister et al. 2009b)More precise impact paths from water
consumption to terrestrial species loss were modelled from the relationship betweenesptass and
groundwater levels changing due to water consumpfii@alm et al. 2011)}or aquatic ecosystemidanafiah

et al.(2011b)modelled the effects of raatced river runoff on fish species.

The potential damage to resources has already been described taking into account various &speglts.
et al.(2007)consider the decrease of the cumulative exergy of water resources as potential resource damage
resultingfrom water consumption. On the other hand, the energy demand for water desalination is also
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attributed to water consumption as potential damage in order to compensate for the scarcity of the resource
water resulting from the concept of "backup technolodgffister et al. 2009b)

The aim of theabovementioned methods is ¢ describe the local consequences resulting from water
consumption and water scarcity. Established impact assessment models are available to determine the
effects caused by water pollution (such as eutrophication, agquatic acidification, chemical tetwitye.g.
Guinée(2002)

While the methalological diversity of impact assessment models is to be welcomed from a scientific point of
view, it poses great challenges for the user. For one thing, the choice of a suitable impact assessment method
is not always clear. On the other hand, differentthads can also produce different results, as they depict
different causeeffect chains. For this reason, an international and interdisciplinary working group of the
United Nations Environment Programme (Water Use in-MZBLCA), of which TU Berlin has h@emember

since 2010, has developed a consensus model that is recommended for the preparation of water footprints.

This consensus model is abbreviated as AWaRe (Available Water Remaining) and quantifies the relative
amount of water still available per aseof a water catchment area after human needs and those of the
aguatic ecosystem have been m@&oulay et al. 2018¥or this purpose, the available water quantity is first
calculated and the demand (human and aquatic ecosystem) is subtracted from it. The result is given relative
to the area (M m2month?) and thus represents a virtual area that is necessary to cover the additional water
consumption sustainably. In the second step, the value is normalized and inverted with the global average,
resulting in a relative value thatfers to the average m3 of water consumed in the world (the global average

is a mean value weighted according to consumption). The indicator can range from 0.1 to 1000, where the
value 1 corresponds to the global average and, for example, a value of 13 $ta a region where a 100

times smaller amount of remaining water per area is available than the global average. The indicator is
calculated at the sub river basin level in monthly resolution and can be aggregated to country and/or annual
averages if neessary.

This method quantifies the potential freshwater shortage, both for humans and ecosystems, and is used to
calculate a water availability footprint according(I8O 14046 2014Tharacterization factors are available
for download on the project homepagettp://www.wulca-waterlca.org/project.htmi

2.1.2 Inventory databases

In addition to the water footprint methods discussed above, numerous databases are available for
determining the water consumption of various products and materials. The databases can be divided into
typical LCA databases, such as iG&Binkstep 2016and Ecoinven{Wernet et al. 2016)into sector and
country specific databasdPfister et al. 2011; Ono et al. 2012; OECD and FAO aad3ijto explicit water
footprint databases, such as the Quantis Water Datal{i@ennet et al. 20129r the WaterStat database
(WFN 2016a)Also, various mukiegional inputoutput databases contain environmental extensions which
pertain water e.g. Eora, Exiobas®orld MRIO.

Tools for creating water footprints and for water risk analysis In addition, there are several tools, such as the
Global Water ToqWBCSD 2013the Local Water To¢GEMI 2013afhe Water Footprint Assessment Tool
(WFN 2016h)Collecting the Drop&GEMI 2013h)Connectingtie DropdGEMI 2013¢)Yhe Corporate Water
Gauge(CSO 2013nd the Water Risk FiltéWWWF 2016)which suppororganizatiors in calculating (direct)

water consumption andh determining environmental, operational, legal and reputational risks.

2.1.3 IS0 standard

The international community recently completed the international standard for the calculation of the water
footprint (ISO 14046 2014)With the aim of ensuring transparency, consistency and credibility in the
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determination and reporting of the water footprint, the standard fbie calculation of the water footprint
contains principles, requirements and guidelines. After a consistent terminology has been established and
the actual principles have been described, the methodological framework is presented and guidelines for
reporting and critical review are given.

Analogous to the structure of life cycle assessmdlg® 14044 2006)he procedure for determining the
water footprint also includes the definition of the goal and the scope of investigation, the life cycle inventory,
the impact assessment and the evaluation of the results. Tdredard explicitly defines the water footprint

as an impacbased indicator. In contrast to the definition of Hoekstra and collea@ideskstra et al. 2011)

a purely volumetric water inventory may be specified but not called a "water footprint". Also, the
determination of the water footprint can be done independently or be part of a life cycle assessment with
other environmentally relevant indicators. The determination of the water footprint always includes a
complete investigation of water availability and water Ipgbn. If only individual aspects of this
comprehensive study are considered, this should be indicated in the title of the study. For example, a "Water
Availability Footprint” would only consider the volume of water consumed and the resulting environmenta
impacts. In contrast, a "water eutrophication footprint" would examine the environmental impacts of
eutrophication caused by water pollution and would not take into account the volume of water consumed.

Instead of recommending a specific method for tifgcle inventory and impact assessment, the standard
defines criteria that must be met for an 199mpliant water footprint. For example, elementary flows should
contain information on the corresponding quantity, type of water body, water quality, typeatémuse,
geographical location, time and emissions. In the impact assessment, the water availability footprint should
be determined using impact assessment models that indicate the contribution of a product to the pressure
on water reserves. Similarly,dlwater footprint should determine the effects of water pollution using impact
assessment models that take into account the contribution of a product to the respective environmental
problem (eutrophication, acidification, etc.). Ideally, a water footppnofile should be determined that
includes several impact categories to determine the effects on water availability and water pollution

2.2 Organizational Life Cycle Assessment
2.2.1 Background

The Organizational Life Cycle Assessment (OLCA) method is useds®thesenvironmental impacts of
organizations, such as companies, public institutions andgov@rnmental organizations (NGOSs) or parts
thereof (Martinez Blanco et al. 201%)LCA wathe first time that the life cycle approach has been applied

to the assessment of organisations. Thissa novelty, as until a few years ago only products were assessed
along their entire life cycla.€. from raw material extraction to disposal). In the caserganizatiors, this is
operationalised by considering the entire value chain, i.e. the environmental impacts of suppliers, services
and personnel are included. Downstream activities such agshend enebf-life phase of the organisation's
products or services are also included in the assessment. The concept of "life cycle responsibility” underlies
the consideration of the entire value chain. This refers to the possibility of designing psddustich a way

that the use and enaf-life phases are more environmentally friendly. In addition, (especially large)
organizationscan introduce sustainability criteria and requirements for the selection of their suppliers and
thus influence the produabin process outside the factory gates.

2.2.2 Methodological characteristics

The method is essentially based on the prodwgdated life cycle assessme(iSO 14044 20065 pecific
adaptations for organisations exist for the functional unit, which is split into a qualitative and a quantitative
element. This is because tlodject of the study, often an organisational unit or division of an international
organization must first be carefully qualitatively delimited due to its complexity (consolidation method). In
the life cycle inventory, a distinction is made between variactivities that take place inside or outside the
organization (direct and indirect activities). This distinction is particularly important in data collection,
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because access to the data is easier for internal activities. However, the data quality rezntiseare also
higher for direct activities. The indirect activities are also divided into upstream and downstream activities,
as the examples iRigure? illustrate.

Even though the produetelated approach is thetarting point for the organisational life cycle assessment,

it goes beyond a mere sum of the LCA results of different products. This is mainly due to the fact that
supporting activities such as management or capital goods, intemggnizationcanteens,organization
outings and business trips are also considered. The holistic view ofghaizatioralso makes it possible to

carry out a topdown analysis witlorganizationwide data, even if detailed data on individual products or
processes is missing.

- -
Transportation
and distribution
Purchased Organization Processing of

electricity, fuel vehicles and sold products \

and energy equipment

. 1 . Use of sold

N et Indirect ac[::\ﬁ:;fas Indirect products I
_ upstream downstream
Transportation iviti i iviti .
e - E

products
Employee \
commuting
Leased assets \

Business travel
Valu_e I Leased assets !. Franchises \ Valqe
chain J chain

— — -

Purchased raw eq%eilghtfgm
materials, goods

and services

Figure2: Examples of direct and indirect activities within the orgation and along the value cha{iMartinez Blanco et al. 2015)

2.2.3 Advantages and Applications

Overall, conducting an OLCA study offers various advantages for the organisation. From an analytical
perspective, insights into the value chain can be gained and data collected. Hotspots arféetiantl the
organizatiors environmental performance is measured. These insights support strategic decisions, provide
the basis for environmental communication and can also be used for marketing purposes. The focus on
organizationss also advantageousdim a strategic point of view because decisions on the procurement of
raw materials and intermediate products (with regard to suppliers and regional origin) as well as technical
measures to reduce water consumption are not takeraagiroduct level but atan organizationlevel. In
particular, globally activerganizationsvith a global value chain have a considerable influence in shaping
their environmental policy. An OLCA study is often conducted in conjunction with existing data and
evaluations. Existing ¢t from siterelated environmental management systems, such as EMAS, can be
extended to include activities beyond the factory gates; prodetated life cycle assessments can form the
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basis for a bottorrup view of the overall portfolio through represeniag products; individual aspect
assessments can be extended to include other indicators.

2.2.4 Current Developments

The methodological development for organisational life cycle assessments is an ongoing [Booessf
the most notabe publicationsand guidelies are the ISO Technical Specificatigf8O/TS 2014)the
UNEP/SETAC "Guidance on Organizational Life Cycle Asses@viamitiez Blanco et al. 2015he
Organizatimal Environmental Footprint (OEF) Guide of the European Commi&imapean Commission
2013) Challenges of organizational L{%AartinezBlanco et al. 2019)-acts and figutes from road testing the
organizational life cycle assessment (Forin et al. 2019) or Life Cycle Assessment of Orgafiatioez
Blanco et al. 2017)

The main differences between these concepts are the more prescriptive character of the OEF approach, while
the UNEP/SETAC guide focuses on the flexibility of the method. While the focus on comparisons is a core
aspect of the @F, according to ISO this is excluded in case of publicAierJNEP/SETAC Life Cycle Initiative

is also linked to the first pilot studies. Among the usersaaganizationsNGOs and public authorities, local

and global actors from different continenasd sectors: AKG Gazbeton (Turkey), Banco de México (Mexico),
Foundation Emmalus (France), Junk That Funk (Canada), Mahindra Sanyo Special Steel (India), Maschio
Gaspardo (ltaly), Natura Cosmeéticos (Brazil), Thanakorn Vegetable Oil Products (Thailaeduldsfahe

pilot phase, recommendations for action from the guide will be reviewed and, if necessary, adapted to the
experiences and needs of users, remaining challenges will be identified and lessons for future OLCA
applications will be drawn.

Mostly, only ecological aspects have been considered in organisational life cycle assessments. With regard to
the focus on sustainability, which is increasingly demanded by society, it is however necessary to include other
dimensions of sustainability. A firstagmdbreaking development in this direction is the SOLCA approach, a
life cyclebased consideration of social aspects within an organisdhtartinez Blanco et al. 2015)
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3 Work plan and methodology

In order to achieve the scientific and technical work objectives mentioneghapter 1.4, seven conternt
related work packagewere defined. Fist, a method for the water footprint obrganizatiors (WP1) and a
database necessary for practical applicatisviR@ wascreated. Both componenta/ere integrated intoan
online tool (WP3, to supportorganizatiors in the analysis of their water footprinthe industrial partners
represented in the consortium testl the online tool and the underlying method/database by conducting a
relevant case studyW{P4. The knowledge gained from themse studywasused to improve the method,
database and tool. In addin, the locally existing water riskas determined for the water consumption
identified as relevant in the energy and material supply chamB5. For the hotspots identified, a water
stewardship(water stressmitigation) processwas initiated for each ase studyto mitigate water use at
hotspots (WP6) This involved recommendations for lacal Water Stewardship approactecodesign,
sustainable procurement or a combination of the afonentioned.In addition to the content of the work
packages, an orgamigsonal work package asdefined, which includes project management and coordinates
the exploitation of the resultsWP8; not displayed

WP 5: Water

WP 1: Water
Footprint for .
o risk
Organizations % ﬁ
WP 4:
Footprint Case studies
Tool

WP 2: ﬁ _
Water s

inventory
database

WP 3:

Water

Mitigation
measures

Method

development (] Application () Local Actions

Figure3: Content structure of the research project

3.1 WP Development of a method for ass@sgy an organizationalater footprint

This work package consistof the conception of a water footprint method farganizationsOrganizational

water footprints offer the possibility to analyse not only the direct water consumption at the producten sit
(Scope 1) but also the indirect water uses in the energy (Scope 2) and material supply chains (Scope 3) and
their potential consequencen addition to considering water consumption in upstream energy and material
supply chains, the organizational wateotprint should also consider the downstream life cycle phases of
the products produced byreorganization(cradleto-grave). For example narganizatioml water footprint

of a washing machine manufacturer should also consider the water consumptiomgdine use of the
appliancesin contrast to productelated water footprints, the absolute impact oh@rganizatioron global

water resources can be analyzed. In addition, the relevance of otherwise neglectzthization
infrastructure (buildings and &lities, cleaning, canteens, etc.) can be determined. Furthermore,
organizationalwater footprints enable a significance analysis of individwghnizationdivisions, suppliers

and individual product lines. The focus @manizationds also advantageousom a strategic point of view
because decisions on the procurement of raw materials and intermediate products (with regard to suppliers
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and regional origin) as well as technical measures to reduce water consumption are not taken at product
level but atan organizationalevel. In particular, globally actiwrganizationsvith a global value chain have

a considerable influence in shaping their environmental policy. In this respect, the use of the organisational
life cycle assessment method plays an impotteole, as this wasamong other aspectgjesigned for
communication with stakeholder.

As a starting point, a review of methodsd toolsfor analgingan2 NB I y A T | { A 2vgs@aéndustéd( S NJ ¢
to identify the strength and weaknesses @fisting approache using ecriteria-basedevaluationscheme

(system boundaries, transparency, scientific robustness,.dtor) the development of th@rganizational

water footprint, the methodologicapecificationf the product water footprintand theorganizational fe

cycle assessmentere analysed in detail to identifgomplementary as well as conflictimgethodological
elements.The organizational water footprint method was developed dymbining thestrength of the two
approachesin addition to themethodologicafocus of this work package, the industrial partners were also
involved in the method development to ensure the applicability and relevance of the method from the
organizatiomoint of view.CA Yy I £ £ @ X |t NI OG A G A 2 y Shjit ordardzatiers if OS 4 |
applying the OWF method.

3.2 WP2 Geographically explicit water inventory database

Today, the biggest hurdle for the application of the water footprint is the lack of regionalized inventory data,
which are indispensable for an assessment of lamaisequences. For this reason, the TU Berlin in
cooperation with Volkswagen has developed a-tlipvn regionalisation approac{Berger et al. 2012)As
shown inFigure4 using plastics as an example, the total water consumption of a material can be broken
down into the water consumption of the individual stages of the value chain (hegramuction, refining,
polymerisation, component manufacture) with the help of inventory databases. Based on the mix of
importing countries and the supplier structure, the water consumption of the vatleed stages is now
allocated to the individual codries of origin.

Production step Basis used for

and fraction of X . Regionalization
. regionalization
water consumption

| Algeria: 2.7%
Crude oil import _——| Denmark: 5.0%

mix EU-15 ~ | GB: 26.0%
etc.

Crude oil
_ production:
1.9%

n

)

00 ~| Austria: 1.0%
z Refinery: 2.5% Locat?on t.jf = "| Belgium: 4.8%
= EU refineries —| Finnland:  1.9%
© etc.
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E Polymerization: Location of poly- __——| Belgium:  20%
§. 42.6% merization plants " | Germany: 80%
£

Production site VW: 30%
(Pamplona, Wolfsburg, Emden)

Component
fabrication:

Location of com-
ponent fabrication

53.1% Suppliers: 70% [~ Belgium:  20%
| Germany: 80%

Figure4: Topdown regionalisation of water consumption for plastics using the example of a VW Golf (aggregated presentation
actually divided into individual groups of plastics)

However, this procedure for thereparation of geographically explicit water inventories involves the
assumption that the water consumption of a valadded stage (e.g. refinery) is the same in all
participating countries. Despite this limitation, the procedure is used in many casestadi it is
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currently the only way to create the geographically explicit water inventories that are indispensable
for water footprint studies.

Parallel to the TU Berlin's tegown approach, database provider Thinkstep followed a bottgmapproach
in whidh the geographical origin of water consumption was taken into account directly when creating a data
set.

3.2.1 WP2.] Further development and automation of the bottarp regionalisation approach

Starting point for developing water inventories with a bottamp agroach was the GaBi Life Cycle Inventory
database. The database contains over 10.000 life cycle inventories of various products across many sectors.
The data sets include information about water use and water consumption, but in the past, these inventory
flows were not referring to specific regions. The bottam approach required an allocation of such generic
AYy@SyiGa2NE Ft2a (2 UGKSANI aLISOAFAO t20FGA2yap |1 2468
approach is labouintensive and increase®é number of data points in the GaBi database. Instead of about

ten inventory flows (groundwater, surface water, etc.) hundreds of inventory flows (groundwater from Chile,
surface water from South Africa, etc.) had be collected and managed. Thinkstdpeaaly amplemented the
regionalization of water inventory data in the GaBi database for the water consumption hotspots renewable
resources and energy production using a bottam approach (usually accounting for-80% of water
consumption in GaBi data st Within this project, the GaBi database was investigated for which other data
sets a regionalisation of the water inventory data is possible using the baffprapproach. These were for
example, weldocumented processes with clear regional referencgsecific data sets from industry
associations, or water inventory data sets without complex background systems, such as oil or ore production.
In comparison to the tomlown approach, the bottorup approach is the more precise method for
regionalisation ofinventory data, as country specific inventories are maintained, accounting for country
specific water consumption intensity.

3.2.2 WP2.3 Linking the bottorrup and the topdown approach to an integrated regionalisation
method

The bottomup approach was preferreifithe structure of the datasets and the confidentiality of data allowed

it. In some cases, following this approach was not possible, either because the underlaying country and
industry specific data is confidential, or did not cover the most importaotipction regions. In these cases,

an average water consumption is derived from the available data and then mapped to different countries
FOO2NRAY3I (2 LINPR&OYX:2Yy LANR G OXdbwOa oaid2Ld

In an intensive cooperation between Thinkstep and the TUirBahe bottomup and topdown approach

were therefore combined to an integrated method for the regionalization of inventory data. As far as
possible, water inventory data in datets with complex background systemsre regionalized using the
bottom-up approach. Data gapserethen filled using the toglown regionalisation method. The part of the
water inventory data thatcould not beregionalised directly due to missing dateas regionalised

retrospectively based on research on supplier structure arghnizationlocations. The method developed
by the TU Berlin and adapted in various industvies adaptedand specified for the respective data gap.

3.2.3 WP2.3 Provision of geographically explicit water inventory data sets

Based on the integrated regionadtion approach and the GaBi database comprising more than 10,000 data
sets, a geographically explicit water inventory databaasgenerated. It contains some material and process
data sets relevant for the industrial partners, which can be used for the sadies (WP 4).
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3.3 WRP3) Water Footprint Tool

After developing the method for therganizatiomal water footprint WP1and the requiredvater inventory
databasgqWP2)a useffriendly onlinetool wasdevelopedwith an external IT service provider supportthe
applicationof the organizational ater footprint by e.g. companies

3.4 WH) Water Footprint Case Studies

Theorganizational water footprint metho@/VP1) the databas€WP2)and theWater Footprint onlingool
(WP3)were appliedin one case study per ingtrial partner. Since thendustry partners coveed different
sectorsand since international corporationgVolkswagen and Evonik) as well as an industry association
(German Copper Institujeand a mediurrsizedcompany(Neoperl) are represented in theansortium, a
broad applicability and acceptaneeasensured. The previously developed approaches VéRvire refined
based on the knowledge gaingldroughout the project As a concrete result, the direct and indirect water
consumptionof the organizationsvasdetermined, the local consequencegre estimated and thus hotspots

in the global value chaingereidentified.

As shown inWP1, the object of investigation of therganizational water footprintcan be an entire
organization a division, groduction $te, a product line or even an entire industry. For this reason, the case
studieswere selected to cover the widest possible range of applications.

As described in the followinggvonik examined two production lines for the chemical and biotechnological
production of amino acids/olkswagerconductedan organizationalvater footprint for the production site

in Uitenhage, South Africa. The German Copper Institute prefzkeater footprint for the entire European
copper productiorand Neoperl analyzed the wex footprint of the entire company.

3.4.1 WPA4.1) Evonik: Water footprint of a chemical and biotechnological production line for amino
acics

Evonik analyzed and compared the water footprint of two production lines for the chemical and
biotechnological productionf amino acids within the Nutrition & Care segment. For the chemical synthesis,
the product MetAMINO® was selected, which is produced at Evonik's Antwerp site (Belgium). For the
biotechnological route the product Biolys® was chosen, which is produckd Bldir site (Nebraska, USA).

In addition to the water consumption at the production site (Scope 1), the water consumption in the
cultivation of renewable raw materials (Scope 3) plays an important role, especially in the biotechnological
production line.In the case of Biolys®, it is corn from which dextrose is obtained, which is then processed
further by fermentation to amino acids. Since the corn also originates from the Blair region in Nebraska, and
corn processing is also carried out by a supplithéimmediate vicinity of the Evonik plant, all process steps
relevant from a water footprint perspective are carried out in one region. Furthermore, the required data
was available and there was good contact with suppliers to analyze the supply chaineidetail.

In addition to the water footprint of the production of Biolys® and MetAMINO®, the water savings resulting
from the application of the products were also included in the assessment. Without amino acids in the feed,
the crude protein content mskt be significantly higher to compensate for the amino acid deficits. The use of
Biolys® and MetAMINO® therefore saves feed and, thus, also water needed for its cultivation. With a high
crude protein content, the animals would also have to drink more wist@rder to excrete excess nitrogen
through the urine. Since excess carbon is easily consumed which leads to an increase in body temperature,
the animals would also have to drink more to regulate the temperature.

In addition to the case study presentedrbeas part of this research project, Evonik has agreed to conduct
three additional water footprint studies for the production lines of the following amino acids (These case
studies were financed from own resources without support from FQROW):
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1 ThreAMIN®: Production site Kaba, Hungary
1 TrypAMINO®: Slovenska L'upca, Slovakia
1 ValAMINO®: Slovenska L'upca, Slovakia

3.4.2 WP42) Volkswagen: WasserfuRabdruck des Produktionsstandortes Uitenhage, Studafrika

Within the scope othe WELLIEesearch project, Volkswagessesedthe organizational water footprint of

+2f 1 & ¢pra@®yo@@lant in Uitenhage, South Africa. With approximately 4,000 employees (effective
2016)x 2t 1 a6l ASy Qa I dzi2Y20 At SisthiNdggedaanbodisproduttionyplantin y | A
Africa. The product portfolio comprises the Volkswagen Pslovall asengines that are used in the Polos
manufacturedn Uitenhage but alst otherVolkswagen automobilproductionplants.

In addition to the direct ofsite water consumption (scope 1), tinater consumption necessary for the-on

site energy provision (scope 2) as well as the water consumjptioaterial and component producticedong

thed dzLJLJt @ OKIFIAY FYR Ay (KS dza$S LKIasS 2F GKS LI I yiQz
potential local consequences were to be examined in order to determine hotspots in the supply chains.

For several reasons, the Uitenhage plant appeared particularly suited for an organizational water footprint
case study:

1 The Uitenhage plant is located &predominantlywater-scarce country.

1 The data availability for egite energy and water consumption had been examined in advance and
hadbeen considered to be dfigh quality.

1 Therequireddatawas accessibldirectly from Wolfsburg.

1 The environmental dpartment in Wolfsburg and thenvironmental departmentin Uitenhage
cooperate on a regular basisThus, an exchange of information and potentially necessary
appointments on site were deemed unproblematic.

1 It was expectedhat one hotspot in the materialupply chain would be the platinugroup-metal
mines in South Africa. Thus, the direct water consumption as well as the mentioned hotspot would
be located in the same country.

3.4.3 WP4.3) German Copper Institute: Water footprint of European copper production

Within the framework of this research project, the German Copper Institute eeigrits producirelated

studies already carried out with the TU Berlin into a water footprint of the entire European copper production.
As the most important prerequisite, the Gean Copper Institute, in its function as a "Competence Centre for

Life Cycle Analyses", has direct access to regularly collected LCA inventory data of copper ore, copper
concentrate, copper cathodes, copper anodes and copper-fiaished products. In conibation with data

on the composition and origin of the European copper consumption mix and annual production quantities,
the global annual water consumption of European copper production was determined.

In the product water footprints of a copper sheetdcha copper pipe which were conducted together with the
Technical University of Berlin, water inventory data had already been collected and local impacts had been
discussed with operators of copper mines and copper smelters. The resulting findings anctscovita
organizations represented an important support for the project.

3.4.4 WP44) Neoperl: Water footprint of the Neoperl GmbH

In cooperation with the TU Berlin, Neoperl has already created and published a product water footprint of a
flow regulator(Berger et al. 2015Now this study was extended from a product to an organizational water
footprint of Neoperl GmbH. For this purpose, both the direct water consumption of the production site and
company headquarters in Mullheicope 1) and the indirect water consumption from the energy (Scope 2)
and material prechains (Scope 3) were considered. With the help of impact assessment models, the resulting
potential consequences were analyzed atilis, hotspots in the supply chaindentified. In addition to the
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analysis of the water consumption resulting from production, the positive effect of water saving through the
use of Neoperl products was also considered in the organization's water footprint.

3.5 WHPS) Analysis of local water kis

Even if the water footprint can identify local hotspots in global value chaioffeit does not allow a detailed
statement about the real and often complex conditions at gremisesof the organizationsor suppliers.
Herethe site-specific water risknalysigWagnitz ad Kraljevic 2014)an beused to examine the local water
situation. The aim is to analyse the local water risk in five potential hotspots (own sites or suppliers) per case
study.

In accordance with the water risk filter methd@d/WF 2016)the physical, regulatory and reputational risk

in relation to the river basin in general and to the organization in particwetl be evaluated. The river
basih-related risks are based on 19 s#pecific risk indicators. The organizatiatated risk assessments
carried out according to the same criteria as the river basin assessment. It consists of a specific organization
guestionnaire on the site and automatilly assigned general information of the respective industrial sector
(Wagnitz and Kraljevic 2014)

3.6 WHF®) Mitigationmeasures

The organizational water footprint allows for analyzing water use and resulting local impacts along an
2NBFYATFGA2y Qa @I f dubreathkah ilmpfabemert, thé ah&yNiE neddy/to I fafoGddby
concrete measures to mitigate water stress at local hotspots in global supply chains. In close cooperation with
the industry partners, different mitigation measures ranging from water stewapdspproaches, ecodesign
measures to sustainable procurement strategies were discussed, tested in the case studies and (if successful)
NBO2YYSYRSR Ay (GKS tNIXOGAGA2YSNEQ DdZA RI yOSo
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4 Project results

The following section presents the results obtained in gneject according to the structure of the work
packages described abovehe contributionof the project partners tahe work packages is as follows:

1 WP1: Development of the Organizational Water Footprint (OWF) meifiad Berlin all)
1 WP2: Geographicallyxplicit water inventory databasehinkstep, TU Berlin)
1 WP3: Water Footprint Too{TU Berlinthinkstep
1 WP4: Case studies
o WP41:: OWFof the EU Primary Copper productiddgrman Copper Institute /
Deutsches Kupferinstitut Berufsverband ¢.V.
o0 WP42: OWFof amino acid production lineEvonik Industries AG)
WP43:  OWF oNeoperl GmbHNeoperl GmbH)
0 WP4.4: OWFott2f 1 a6l 3SyQa LINRBRdAzOGA 2 y(VakéwaS ' Al S
AG)
1 WPS5: Analysis of water riskrU Berlin, all)
1 WP6: Measures to mitigate watestress at hotspots in sygty chains (TU Berlin, all)

(@)
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4.1 Development of the Organizational Water Foatp{OWF) method
4.1 Development of the Organizational Water Footprint (OWF) mefhiddBerlinWP1)

4.1.1 Review of existing approaches

Existing approache¥ 2 NJ Y S| & dzZNA y 3 btef use halelbgelmialyzédi i ofdRratoi) provide

guidance for practitioners concerning the suitability of available methods and tools for different applications;

i) proviel AO0OASYGAFAOItEf& NRoOodzAG ONARGSNAITmolaSR O2YLJ
existing approaches talisA Ydzf | §S FdzidzZNBE YSGK2R RS@OSt2LIYSyliod 9A-:
method for organizations are identified: documentation and transparency, scientific soundness,
environmental relevance, organizational system boundaries, broadness of ajmplicease of application,
stakeholder's acceptance, and transformative potential, specified by a total of 22 subcriteria. Nine existing

F LILINRF OKS& F2NJ YSFadaNAy3 41 GSNINBfIFGISR AYLI OGa 27
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Figure5: Scores attributed to the evaluated approaches.

The approacheshow diverging performance. Based on the overall evaluation results, taking Water Footprint
(ISO 14046) as a global information tool is recommended, in combination with the Waterr@&hipa
approach, to link assessment results to concrete mitigation measures.

A detailed presentation and discussion of results can be fauige following journal publication:

T C2NRAY Z {Af OAIl = al NJ dza .SN‘EISNJZA I YR aReIétét{f()\l-é
OYBANRYYSyYyildlf LYLIOGA 2F hNHI YAT Advdneey Sustaindtier & ( A
System2 (10): 1700157ttps://doi.org/10.1002/adsu.201700157
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4.1 Development of the Organizational Water Foatp{OWF) method
4.1.2 Method development

The orgaA T F GA2yf 61 GSNI F220LINAYyG RSy2:38a |y 2NAIFYA
throughout its entire value chain. In other words, the Organizational Water Footprint (OWF) considers not
2yfte Iy 2NBHIFIYATFGA2y Qa 4 biidsbihawatdr udedfor engrgy gedsiBtiBnda@I( A 2
raw material production (upstream in the supply chain) as well as water use during the use antiliénd

phases of products (downstream). Additionally, all aspects of the organization itself areeshctudh as the

6 GSNJ dzZAaSR o0& (GKS Ot SIFyAy3a aSNBAOS:T GKS 2NBFYATI G

The Organizational Water Footprint method follows the life cycle approach and builds upon the experience
of two existing environmental assessment frameworks: water footprint and organizational life cycle
assessment. Both frameworks have been standardized by the International Organization for Standardization
and relyon the established Life Cycle Assessment (LCAjadeT he technical specification ISO/TS 14080

14072 2014)refers to the application of life cycle assessment to organizations and is specified by the
Guidance on Organizational Life Cycle Assessmelnc€C&YUNEP 20150-LCA is a mulimpact method, i.e.

it considers multipleenvironmental impacts (e.g. global warming, toxicity, acidification, etc.), not only those
caused B water use. Water consumption and water pollution related impacts can be included in
organizational LCA togamong other impacts. The reference standard for water footprint, ISO 144
14046 2014) does not exclude organizations but has been developed by taking a product life cycle
perspective.

As a starting point for the method developmermt detailed juxtapotation of the two standards was carried
out, to identify complimenihg as well as conflicting methodological asped@ssed on this analysis,
methodological requirements for therganizational water footprint were proposed

Following the LCA framework, the method is divided into four phate&oal and scope definitior2)
Inventory analysi8) Impact assessmemind 4)Interpretation

/ Organizational water footprint \

Goal and
scope
definition ~—

L

Inventory ——
analysis

|

Impact —_—

uonyeyaudiaju]

assessment

%

Figure6: The four phses of the Organizational Water Footprint method
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4.1 Development of the Organizational Water Foatpr{OWF) method

Thegoal and scopghase sets the framework for the Organizational Water Footprint study and describes
why and how the Organizational Water Footprint study is conducted.

In theinventory analysis data iscollected for all relevant water inputs and outputs:

1 drawn from the environment and entering the system (as defined in the scoping phase) without
previous human transformation and
1 leaving the system and released to the environment without subsequent huraasformation.

The water inputs and outputs are collected for the processes taking place within the dysterdary, i. e.
not only the organization itself, but also primary and intermediate materisrgy carriers, the use and end
of-life phase.

Indirect J - J

upstream Agricultural products
activities T —— Transportation and distribution of sold products J
Purchased fuels ] Minerals extraction Direct Processing of sold products ]
Purchased goods S EC g act.'wt!es
and materials Waste disposal or recycling RS =0kl producis ]
Purchased Wastewater freatment Use or consumption of sold products ]
semices Business travels Physical or
Transportation of materials, products, waste chemical End-of-iie of SO J
processing
Capital equipment Working environment Leased assets J
Buildings | Canteen J |
Franchises
Machinery J e J
Administration
Infrastructures | : J Indirect
Vehicles J =ning ) downstream
Cleaning services | activities

Employee commuting |

Figure7: Direct and indirect activities carried out by an organization (example for the producing industry), and guide
prioritizing data collection for a water scarcity footprint study (red: higbrjiyi; yellow: average priority; green: low priori

CKS AYy@SYyid2NER lyltfteaira NB@SIfta GKS @2ftdzySa 2F g1 (
supply chain. However, a water consumption of 1 m3 in a water abundant region does not compare to
consuming the same amount of water in a water scaacea. Therefore, thémpact assessmenstep
translates the volumes of water consumption into potential local impacts.

Theinterpretation phase of an OWF studiycludes:

1 Presenting and discussing relevant water consumption patterns and resulting locat$napang the
2NBIFYyATFGA2yQa @I fdzS OKFAYT

1 Identifying significant issues, which strongly influence the Organizational Water Footprint. This can
include certain activities (e. g. a purchased materials) as well as modelling choices (eoff. cut
criteria) a assumptions (e. g. concerning the location of-suppliers);
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4.1 Development of the Organizational Water Foatpi(OWF) method

1 Analyzing the completeness of data for significant issues as well as the consistency with the goal and
scope definition;

1 Performing sensitivity analyses for significant issues, i. e. chatigingarameters, modelling choices
or assumptions to check, how sensitive the results react to these changes;

9 Identifying limitations of the study;

9 Drawing conclusions and providing recommendations;

A detailed comparison of the methodological requirement$ the (Product) Water Footprint and the
Organizational Life Cycle Assessment as well as theoteltbhgical aspects of the developed Organizational
Water Footprint methodtan be found in the following journal publicat®n

f Forin, Silvia, Natalia Mikosch, M4 dz2 . SNESNE FyR al dGKAIF& CAYy10S
C220GLINAYGY ! aSi(KaeRmdmatBralQoutnal of dife Rycl AsSeaghuetine
first. https://doi.org/10.1007/s11367-019-016702.

T C2NAYyZ {AfQAlIZ al N)Jdza .SNHSNE FyR al KAl & C;
Marginal Approaches in Characterization: How Context and Scale Affect the Selection of an Adequate
Characterization Factor. The AWARE Model Exam@he International Journal of Life Cycle
Assessmenbnlinefirst. https://doi.org/10.1007/s11367019-017263.

413 t N> OGAUOA2YySND& DdzA RIF yOS

In order to support organizations in applying the OWFKn2tR~ | t N} OGA G A2y SNID& DdzA F
which provides practical support for each methodological step of an OWF. The guidance is available via:
https://welle.see.tuberlin.de/Organizational _Water Footprint (OWF) Practitioners_Guidance.pdf

Figure8: Organizational Water Footprimit NI* OG A G A2y SNBEQ DdzA Rl yOS ®
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