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1 Introduction

1.1 EN

ReNutriWater — Closing local water circuits by recirculation of nutrients and water and using them in nature

Goals and activities

The project helps public authorities and wastewater treatment plant operators develop action plans to
recover water from wastewater and reuse it for cleaning, watering recreational areas, and plants. It is a
Water-smart Societies — priority project funded by the EU’s Interreg Baltic Sea Region Programme.

Due to climate change and increasing pollution of the environment, freshwater has become an increasingly
valuable resource. Hot summers and drought make saving water resources in summertime crucial, also in
the Baltic Sea Region. Drinking water should be recognized as a labor-intensive product, which, despite
extensive initial treatment, is still often discharged after a single use in many countries. This practice wastes
money, energy, and human labour, which could be reduced with water recovery from wastewater.

However, reclaiming water has its challenges, which are related to specific requirements for its quality. The
goal of researchintoreclaimed wateristoreduce therisk of its potentially harmfulimpact on the environment
and human health. The key is to develop solutions for the recovery of safe water, free of pathogens and
micropollutants, with the right amount of nutrients. Overcoming potential societal hesitation is also crucial.
ReNutriWater researchers are well aware of people's perceptions of what constitutes clean and dirty water,
which is why the project aims to start by researching primarily non-potable uses of reclaimed water.

In ReNutriWater we strive to preserve nutrients in the reclaimed water, to combat the eutrophication of
the Baltic Sea and reduce the need for artificial fertilizers. In the process of reclaiming water, nutrients can
be preserved. The amount of them can be adjusted, and the water can then be used for irrigation. This
decreases the need for artificial fertilizers and creates beneficial usage of nutrients instead of having them
aggregate in the residue of the water treatment process. This mitigates the eutrophication of the Baltic Sea,
which is caused by an excess of nutrients. In the pilot cases in ReNutriWater, we tested how nutrient-rich
reclaimed water could be produced and used, thus creating circular economy business models in the water
sector.

Among the beneficiaries of reclaimed water use, we count both local authorities and private entities.
Reclaimed water can be used by local authorities and private entities for various purposes, such as street
cleaning, car washes, fountains, and pond recharge, irrigation of recreational areas, and plant breeding.

ReNutriWater centres around three pilots:

Pilot 1: Disinfection efficiency of reclaimed water
As part of the pilot, effective methods for disinfecting reclaimed water were developed.
Pilot 2: Composition adjustment of reclaimed water

Research was carried out into methods for selecting the composition of reclaimed water to adapt it to
specific needs, e.g., plant irrigation.

Pilot 3: Breaking barriers for reclaimed water use

Tests were conducted to ensure the safe use of reclaimed water through cultivation in greenhouses.

ReNutriWater partners share the results of the pilot tests with their target groups. The developed solutions
and tools help assess the feasibility of implementing selected water reuse technologies.

This project is intended to address diverse challenges to accelerate policymaking, facilitating the
implementation of water reuse in the cities of Europe. The good practice of reclaiming water promotes a
circular economy and addresses several UN Sustainable Development Goals.

Project Partnership

The Lead partner of the project is the Chamber of Economy “Polish Waterworks”. The initiative has 14 project
partners from five countries: Poland, Finland, Latvia, Lithuania, and Denmark. The full list of participants
can be found at the end of the handbook.

Project Lifespan

January 2023 — December 2025

Project budget and financing source

The total budget of ReNutriWater is 3.85 million euros. The 80% financing source is the Interreg Baltic
Sea Region Programme. More about the Interreg Programme and the project can be found on the project
website: ReNutriWater - Interreg Baltic Sea Region (interreg-baltic.eu/project/renutriwater).

Handbook

This handbookis specifically designed to serve as a comprehensive resource, offering valuable insights gained
through extensive consultations with a diverse range of stakeholders. It seeks to raise awareness about the
critical importance and vast potential of water reuse in addressing global water challenges, highlighting its
role in sustainable resource management and environmental protection. By presenting expertise and best
practices derived from carefully conducted pilot projects, the handbook aims to empower target groups
with practical knowledge and actionable strategies that can be applied in various contexts. Furthermore,
it provides a platform for fostering collaboration and encouraging innovation in water reuse practices,
ensuring that the lessons learned and solutions developed are accessible and adaptable to a wide audience.
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ReNutriWater — Zamykanie lokalnych obiegow wodnych poprzez recyrkulacje sktadnikow odzywczych i wody

Cele i dziatania

Projekt pomaga wtadzom publicznym i operatorom oczyszczalni Sciekdw opracowac plany dziatan w
celu odzyskiwania wody ze sciekdw i ponownego jej wykorzystania do czyszczenia, podlewania terendow
rekreacyjnych i roslin. Jest to projekt priorytetowy Water-smart Societies finansowany przez Program UE
Interreg dla Regionu Morza Battyckiego.

Ze wzgledu na zmiany klimatu i rosngce zanieczyszczenie srodowiska, stodka woda staje sie coraz
cenniejszym zasobem. Gorgce lata i susze sprawiajg, ze oszczedzanie zasobdw wodnych latem jest kluczowe,
réwniez w regionie Morza Battyckiego. Stodkg wode nalezy uznaé za produkt pracochtonny, ktéry pomimo
zaawansowanego uzdatniania, w wielu krajach jest nadal czesto odprowadzany po jednorazowym uzyciu.
Ta praktyka prowadzi do marnotrawstwa pieniedzy, energii i pracy ludzkiej, co mozna by ograniczy¢ dzieki
odzyskiwaniu wody ze Sciekdw.

Jednak odzyskiwanie wody wigze sie z wyzwaniami, ktére sg zwigzane ze szczegdélnymi wymaganiami
dotyczacymi jej jakosci. Celem badan nad odzyskang wodg jest zmniejszenie ryzyka jej potencjalnie
szkodliwego wptywu na srodowisko i zdrowie ludzi. Kluczem jest opracowanie rozwigzan umozliwiajgcych
odzyskiwanie bezpiecznej wody, wolnej od patogendw i mikrozanieczyszczen, z odpowiednig iloScig
sktadnikéw odzywczych. Kluczowe jest rowniez przezwyciezenie potencjalnych wahan spotecznych. Badacze
ReNutriWater doskonale zdajg sobie sprawe z postrzegania przez ludzi tego, co stanowi czystg i brudng
wode, dlatego projekt ma na celu rozpoczecie od badania przede wszystkim niespozywczych zastosowan
odzyskanej wody.

W ReNutriWater dgzymy do zachowania sktadnikéw odzywczych w odzyskanej wodzie, aby zwalczaé
eutrofizacje Morza Battyckiego i zmniejsza¢ zapotrzebowanie na sztuczne nawozy. W procesie odzyskiwania
wody sktadniki odzywcze moga zosta¢ zachowane. Ich ilos¢ moze zosta¢ dostosowana, a nastepnie
woda moze zosta¢ wykorzystana do nawadniania. Zmniejsza to zapotrzebowanie na sztuczne nawozy i
tworzy korzystne wykorzystanie sktadnikéw odzywczych zamiast ich agregacji w pozostatosciach procesu
uzdatniania wody. tagodzi to eutrofizacje Morza Battyckiego, ktdra jest spowodowana nadmiarem
sktadnikow odzywczych. W przypadkach pilotazowych w ReNutriWater testowalismy, w jaki sposéb mozna
produkowad i wykorzystywaé bogatg w sktadniki odzywcze odzyskang wode, tworzgc w ten sposéb modele
biznesowe gospodarki o obiegu zamknietym w sektorze wodnym.
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Do beneficjentéw wykorzystania odzyskanej wody zaliczamy zaréwno wtadze lokalne, jak i podmioty
prywatne. Odzyskana woda moze by¢ wykorzystywana przez witadze lokalne i podmioty prywatne do
roznych celdw, takich jak czyszczenie ulic, myjnie samochodowe, fontanny i zasilanie stawdéw, nawadnianie
terendw rekreacyjnych i hodowla roslin.

ReNutriWater koncentruje sie wokét trzech pilotazy:

Pilot 1: Skutecznos¢ dezynfekcji odzyskanej wody

W ramach pilotazu opracowano skuteczne metody dezynfekcji odzyskanej wody.
Pilot 2: Dostosowanie sktadu odzyskanej wody.

Przeprowadzono badania nad metodami doboru sktadu odzyskanej wody w celu dostosowania jej do
konkretnych potrzeb, np. nawadniania roslin.

Pilot 3: Przetamywanie barier w zakresie wykorzystania odzyskanej wody.
Przeprowadzono testy w celu zapewnienia bezpiecznego wykorzystania odzyskanej wody w uprawach w
szklarniach.

Partnerzy

ReNutriWater dzielg sie wynikami testow pilotazowych ze swoimi grupami docelowymi. Opracowane
rozwigzania i narzedzia pomagajg oceni¢ wykonalnos¢ wdrozenia wybranych technologii ponownego
wykorzystania wody.

Projekt ten ma na celu rozwigzanie réznych wyzwan w celu przyspieszenia tworzenia polityki, utatwiajac
wdrazanie ponownego wykorzystania wody w miastach Europy. Dobra praktyka odzyskiwania wody promuje
gospodarke o obiegu zamknietym i odnosi sie do kilku Celdw Zréwnowazonego Rozwoju ONZ.

Partnerstwo w projekcie

Liderem projektu jest Izba Gospodarcza ,Wodociagi Polskie”. Inicjatywa ma 14 partnerdw z pieciu krajow:
Polski, Finlandii, totwy, Litwy i Danii. Petng liste uczestnikdw mozna znalez¢ na koricu podrecznika.

Czas realizacji

Styczen 2023 — Grudzien 2025

Budzet i Zrodto dofinansowania

Catkowity budzet ReNutriWater wynosi 3,85 min euro. Zrédtem finansowania jego 80% jest program
Interreg Baltic Sea Region. Wiecej informacji o programie Interreg i projekcie mozna znalezé na stronie
internetowej projektu: ReNutriWater - Interreg Baltic Sea Region (interreg-baltic.eu/project/renutriwater).

Podrecznik

Niniejszy podrecznik zostat specjalnie zaprojektowany, aby stuzy¢ jako kompleksowe zrédto, oferujgce
cenne spostrzezenia uzyskane dzieki szeroko zakrojonym konsultacjom z réznymi interesariuszami.
Ma on na celu podniesienie $wiadomosci na temat krytycznego znaczenia i ogromnego potencjatu
ponownego wykorzystania wody w rozwigzywaniu globalnych wyzwan zwigzanych z wodg, podkreslajac
jego role w zrdwnowazonym zarzgdzaniu zasobami i ochronie srodowiska. Poprzez prezentowanie wiedzy
specjalistycznej i najlepszych praktyk pochodzacych z starannie przeprowadzonych projektéw pilotazowych,
podrecznik ma na celu wzmocnienie grup docelowych praktyczng wiedzg i wykonalnymi strategiami,
ktére mozna zastosowac¢ w réznych kontekstach. Ponadto stanowi platforme do wspierania wspoétpracy
i zachecania do innowacji w praktykach ponownego wykorzystania wody, zapewniajgc, ze wyciagniete
whioski i opracowane rozwigzania sg dostepne i dostosowane do szerokiego grona odbiorcéw.
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1.3 Fl

ReNutriWater — Paikallisten vesikiertojen sulkeminen kierréttdmdlld ravinteita ja vettd ja hyédyntdmdilld
niité luonnossa

Tavoitteet ja toiminta

ReNutriwater auttaa kunnallisen jatevedenkasittelyn kanssa tyodskentelevia kuntien, viranomaisten
ja operaattoreiden edustajia laatimaan toimintasuunnitelmia kierratysveden kaytostd, jotta niin vesi
kuin sen sisdltamat ravinteet saadaan hyoddynnettyd virkistysalueiden ja kasvien kasteluun, katujen
ja liikennevalineiden puhdistukseen jne. ReNutriWater on EU:n Interreg Baltic Sea Region -ohjelman
rahoittama Water-smart Societies -prioriteettiin keskittyva hanke.

IImastonmuutoksen ja lisdantyvan ymparistéon saastumisen vuoksi makeasta vedesta on tullut yha
arvokkaampi luonnonvara. Kuumat kesat ja kuivuus tekevat vesivarojen sadastamisesta kesaisin ratkaisevan
tarkeaa myos Itameren alueella. Puhtaan veden tuotantoon kuluu paljon energiaa, mutta siita huolimatta
sita kdytetdaan edelleenkin monissa maissa vain kerran, jonka jalkeen se kasitelldan jatevetena, joka on
poistettava systeemistd. Tama kaytanto tuhlaa rahaa, energiaa ja ihmistydévoimaa, joita voitaisiin sdastaa
kierrattamalla puhdistettu vesi uusiovetena.

Veden talteenotossa on kuitenkin haasteita, jotka liittyvdat sen laatua koskeviin erityisvaatimuksiin.
Uusioveden tutkimuksen tavoitteena on vdhentdaa sen mahdollisten haitallisten vaikutusten riskia
ympadristolle ja ihmisten terveydelle. Tarkeintd on kehittda ratkaisuja turvallisen, taudinaiheuttajista ja
mikrosaasteista vapaan veden talteenottoon. Uusioveteen voidaan myos jattaa kayttotarkoitukseen sopiva
maadra ravinteita. Yhteiskunnallisen epardinnin voittaminen on myds ratkaisevan tarkeda. Koska ihmisilla
voi olla hyvin vahva tunne siitd, mika on puhdasta ja mika likaista vettd, hankkeessa on aloitettu tutkimalla
ensisijaisesti kierratetyn veden kadyttotarkoituksia muihin kuin juomavesitarkoituksiin.

ReNutriWaterissa pyrimme sdilyttdmaan uusioveden ravinteita, torjumaan Itdmeren rehevoitymista
ja vahentamadan keinolannoitteiden tarvetta. Veden talteenottoprosessissa ravinteet on mahdollista
sailyttda. Niiden maaraa voidaan saataa, minka jalkeen vetta voidaan kayttdaa kasteluun. Tama vahentaa
keinolannoitteiden tarvetta ja hyddyntaa ravinteita sen sijaan, ettad ne kasautuisivat vedenkasittelyprosessin
lietteisiin. Tama lieventda ltdmeren ja muiden vesistdjen rehevoitymistd, joka johtuu ravinnevalumien
aiheuttamasta ravinteiden liiallisesta maarastd vesistoissda. ReNutriWaterin  pilottihankkeissa
testasimme, kuinka ravinnerikasta kierratysvetta voitaisiin tuottaa ja kayttaa luoden nain kiertotalouden
liilketoimintamalleja vesisektorille.

Uusioveden kadyton edunsaajiin lasketaan seka kunnat ettd yksityiset tahot. Kierratettya vetta voidaan
kayttaa eri tarkoituksiin kuten katujen ja liikennekaluston puhdistukseen, suihkuldhteiden ja lampien
tayttoon seka golfkenttien, virkistysalueiden seka kasvihuoneiden kasteluun.

ReNutriWater keskittyy kolmeen pilottiin:

Pilotti 1: Uusioveden desinfiointi
Osana pilottia kehitettiin tehokkaita menetelmia uusioveden desinfiointiin.
Pilotti 2: Uusioveden koostumuksen saato

Pilotissa tutkittiin menetelmia, joilla kierratetyn veden koostumus ja ravinnesisaltdo voidaan valita sen
mukauttamiseksi erityistarpeisiin, esimerkiksi kasvien kasteluun.

Pilotti 3: Uusioveden kayton esteiden murtaminen

Pilottitesteilla testattiin turvallisen uusioveden kaytté kasvihuoneissa.

ReNutriWaterin hankekumppanit jakavat pilottitestien tulokset kohderyhmilleen. Kehitetyt ratkaisut ja
tyokalut auttavat arvioimaan valittujen veden uudelleenkayttéteknologioiden toteutettavuutta.

Taman hankkeen tarkoituksena on vastata erilaisiin haasteisiin paatoksenteon nopeuttamiseksi ja veden
uudelleenkayton toteuttamisen helpottamiseksi Euroopan kaupungeissa. Veden talteenoton hyva kaytanto
edistda kiertotaloutta ja vastaa useisiin YK:n kestavan kehityksen tavoitteisiin.
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Hankekumppanuus

Hankkeen padkumppani on Puolan vesilaitoksen talouskamari (The Chamber of Economy “Polish
Waterworks”). Hankkeessa on yhteensa 14 hankekumppania viidestd maasta: Puolasta, Suomesta, Latviasta,
Liettuasta ja Tanskasta. Osallistujaluettelo 16ytyy kasikirjan lopusta.

Projektin elinkaari

Tammikuu 2023 — joulukuu 2025

Hankkeen budjetti ja rahoituslahde

ReNutriWaterin kokonaisbudjetti on 3,85 miljoonaa euroa, josta 80 prosenttia on EU:n Interreg Baltic Sea
Region -ohjelman rahoittamaa. Lisatietoja Interreg-ohjelmasta ja hankkeesta l6ytyy hankkeen verkkosivuilta:
ReNutriWater - Interreg Baltic Sea Region (interreg-baltic.eu/project/renutriwater).

Kasikirja

Tama kasikirja on suunniteltu erityisesti toimimaan kattavana ohjeistuksena, joka tarjoaa arvokasta
tietoa, mika pohjautuu laajaan kanssakdymiseen eri sidosryhmien kanssa. Kasikirjalla pyritdan lisaamaan
tietoisuutta veden uudelleenkayton kriittisesta merkityksesta ja valtavasta potentiaalista maailmanlaajuisiin
vesihaasteisiin vastaamisessa ja korostamaan sen roolia kestdvdssa luonnonvarojen hallinnassa ja
ympadristonsuojelussa. Esittelemalld huolellisesti toteutetuista pilottihankkeista saatua asiantuntemusta ja
parhaita kaytantoja kasikirjan tavoitteena on antaa kohderyhmille kdytannon tietoa ja toteuttamiskelpoisia
strategioita, joita voidaan soveltaa eri yhteyksissa. Lisaksi se tarjoaa alustan yhteistyon edistamiselle ja
innovoinnin kannustamiselle veden uudelleenkdyttokaytannoissa varmistaen, ettd saadut kokemukset ja
kehitetyt ratkaisut ovat laajan yleison saatavilla ja mukautettavissa.
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ReNutriWater — Slegtu udens aprites ciklu veidosana, veicot atkartotu baribas vielu un tidens izmantosanu
un to pielietosanu daba

Merki un aktivitates

Projekts un ta rezultati palidz valsts iestadém un notekldenu attiriSanas iekartu operatoriem izstradat
ricibas planus Gdens atgusanai no attiritiem notektudeniem un ta atkartotai izmanto$anai, pieméram, ielu
tiriéana, rekreacijas zonu laistid&ana un augu laistidanai. Sis ir ES Interreg Baltijas jlras regiona programmas
finanséts projekts prioritaté "Udens viedas sabiedribas (Water-smart Societies)".

Sakara ar klimata parmainam un pieaugoso vides piesarnojumu, saldtdens kllst par arvien vertigaku
resursu. Karstas vasaras un sausuma periodi padara Gdens resursu saglabasanu, saudzigu izmantosSanu 1pasi
svarigu ari Baltijas juras regiona. Saldldens bitu jauztver ka darbietilpigs produkts, kas, neskatoties uz plasu
sakotnéjo apstradi un sagatavos$anu, daudzas valstis joprojam tiek izlietots tikai vienu reizi. Sada prakse rada
lidzeklu, energijas un cilvekresursu izS8kérdésanu, ko iespéjams mazinat, atgistot Gdeni no notekldeniem.

Tomeér Gdens atglsana rada izaicinajumus, kas saistiti ar noteiktam kvalitates prastbam. Misu pétijjumu
meérkis ir samazinat iespéjamos riskus videi un cilvéku veselibai atkartota Gdens ieguvé un izmantos$ana.
Batiski ir izstradat droSa Udens atglsanas risinajumus — bez patogéniem un mikropiesarnotajiem, bet ar
atbilstosu baribas vielu daudzumu, ja tiek izmantots apzalumosana un augu audzeésana. Nozimigi ir ari
parvarét sabiedribas atturibu, kas var bat visai noturiga. Ari projekta pétnieki ir apzinajusies sabiedribas
uztveri pret $ada tdens izmantoSanu, kas var variét plasa spektra. Sabiedribas attieksme un raksturojums kas
ir tirs, kas netirs Gdens, radija nepiecieSamibu sakotnéjo uzsvaru likt uz atguta Gdens netieSo (nedzeramo)
pielietojumu.

ReNutriWater projekta ietvaros tiek stradats pie baribas vielu saglabasanas atgttaja Gdeni, lai samazinatu
Baltijas juras eitrofikaciju un nepiecieSamibu péc maksligda méslojuma. Atglsanas procesa var saglabat
baribas vielas, pielagot to daudzumu un izmantot laistiSanai. Tas samazina nepiecieSamibu péc maksliga
meéslojuma un veicina baribas vielu lietderigu izmantoSanu, nevis to uzkrasanos notektudenu attiriSanas
atlikumos. Tas mazina udenu eitrofikaciju, ko izraisa parmeérigs baribas vielu daudzums. Pilotprojektos
tika testéts, ka sagatavot un izmantot ar baribas vielam bagatu attirito tGdeni, veidojot aprites ekonomikas
biznesa modeus Gdenssaimnieciba.

Starp atglita Gdens lietotajiem var bt gan pasvaldibas, gan privatais sektors, un $ada tdens izmantoSanas
iespéjas ir plasas, ietverot ielu tiriSanu, automazgatavas, striklakas, diku papildinasanu, parku un rekreacijas
zonu laistiSanu, augu audzésanu.

ReNutriWater ietvaros tiek istenoti tris pilotprojekti:

Pilotprojekts 1: Atgiita idens dezinfekcijas efektivitate

Tika izstradatas efektivas metodes atguta tdens dezinfekcijai.

Pilotprojekts 2: Atgiita tidens sastava pielagosana

Tika pétitas metodes, ka pielagot Gdens sastavu konkrétam mérkim, pieméram, augu laistisanai.
Pilotprojekts 3: Barjeru parvarésana atguta tidens izmantoSanai

Tika veikti testi, lai nodroSinatu droSu atglta Gdens izmantoSanu, veicot audzésanu siltumnicas.

ReNutriWater partneri dalas ar iegttajiem pilotprojektu rezultatiem ar dazadam meérka grupam. lzstradatie
risinajumi un riki palidz novertét iespéjas ieviest konkrétas tdens atkartotas izmantosanas tehnologijas.

Sis projekts risina dazadas problémas, lai paatrinatu politikas izstradi, atvieglojot Gdens atkartotas
izmantoSanas ievieSanu Eiropas pilsétas. Atgita ddens labas prakses piemeéri veicina aprites ekonomiku un
atbalsta vairakus ANO ilgtspéjigas attistibas mérkus.

Projekta partneriba

Projekta vadoSais partneris: “Polijas Udensapgades uznémumu kamera” (Chamber of Economy “Polish
Waterworks”)

Iniciativa piedalas 14 partneri no 5 valstim: Polijas, Somijas, Latvijas, Lietuvas un Danijas. Pilns dalibnieku
saraksts pieejams rokasgramatas beigas.

Projekta ilgums

2023. gada janvaris — 2025. gada decembris

Projekta budzets un finanséjums

Kopéjais projekta ReNutriWater budzets: 3,85 miljoni eiro.
Finansejuma avots: 80 % no Interreg Baltijas juras regiona programmas.

Vairak informacijas par projektu atrodama majaslapa: ReNutriWater - Interreg Baltic Sea Region (interreg-
baltic.eu/project/renutriwater).

Rokasgramata

St rokasgramata kalpo ka visaptvero$s informacijas resurss, kas balstits uz plasam konsultacijam ar dazadam
ieinteresétajam pusém. Ta palidz palielinat informétibu par Gdens atkartotas izmantoSanas nozimi, uzsverot
tas lomu ilgtspéjiga resursu parvaldiba un vides aizsardziba. Rokasgramata apvieno ekspertizi un labas
prakses piemeérus no pilotprojektiem, lai nodrosinatu praktiskas zinasanas un stratégijas, kas pielagojamas
dazados kontekstos. Ta kalpo ari ka platforma sadarbibai un inovacijam tdens atkartotas izmanto$anas
joma, nodrosinot plasai auditorijai pieejamus risinajumus.
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ReNutriWater — UZdaros vietinés vandens sistemos, recirkuliuojant maistingqgsias medzZiagas ir vandenj
bei panaudojant juos gamtoje

Projekto tikslai ir veiklos

Projektas padeda valdzZios institucijoms ir nuoteky valymo jrenginiy operatoriams vystyti veiksmy planus,
kaip i$ nuoteky iSgauti vandenj ir pakartotinai jj naudoti valymui, poilsio zony ir augaly laistymui. Tai Europos
Sajungos Interreg Baltijos juros regiono programos finansuojamas prioritetinis projektas ,Vandeniui pazangi
visuomené”.
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Dél klimato kaitos ir didéjancios aplinkos tarSos gélas vanduo tampa vis vertingesniu istekliumi. Karstos
vasaros ir sausros lemia, kad vasarg vandens istekliy taupymas yra labai svarbus ir Baltijos jliros regione.
Pripazinkim, kad gélas vanduo yra daug darbo sgnaudy reikalaujantis produktas, kuris, nepaisant
intensyvaus pirminio valymo, daugelyje Saliy vis dar daznai iSleidZiamas po vienkartinio panaudojimo. Dél
tokios praktikos eikvojami pinigai, energija ir Zzmoniy darbas, kuriy kiekj baty galima sumazinti iS nuoteky
iSgaunant vanden,;.

Vis délto vandens regeneravimas susiduria su issukiais, susijusiais su specifiniais jo kokybés reikalavimais.
Regeneruotame vandens tyrimy tikslas — sumaZinti jo galimo Zalingo poveikio aplinkai ir Zmoniy sveikatai
rizikg. Svarbiausia yra sukurti sprendimus, kaip iSgauti saugy vandenj, kuriame néra patogeny ir mikrodaleliy,
kuriame yra tinkamas maistiniy medziagy kiekis. Taip pat labai svarbu jveikti galimas visuomenés abejones.
»ReNutriWater” tyréjai Zino kokia yra visuomenés samprata ir jsitikinimai dél Svaraus ir neSvaraus vandens,
todél projekte siekiama visy pirma istirti negeriamojo regeneruoto vandens panaudojima.

Projekto ,,ReNutriWater” veiklomis siekiame iSsaugoti maistinggsias medZiagas regeneruotame vandenyje,
kovoti su Baltijos juros eutrofikacija ir sumazinti dirbtiniy trgsy poreikj. Regeneruotame vandenyje galima
iSsaugoti maistines medziagas, sureguliuoti jy kiekj ir vandenj panaudoti laistymui. Taip sumazinamas
dirbtiniy trgsy poreikis ir naudingai panaudojamos maistingosios medziagos, uzuot jas kaupus vandens
valymo proceso liekanose; maZzinama Baltijos juros eutrofikacija, kurig sukelia bitent maistiniy medziagy
perteklius. ,ReNutriWater” bandomaisiais projektais iSbandéme, kaip blty galima gaminti ir naudoti
maistiniy medzZiagy turtingg regeneruotg vandenj, sukuriant Ziedinés ekonomikos verslo modelius vandens
sektoriuje.

Tarp naudos i$ regeneruoto vandens naudojimo gavéjy yra ir vietos valdzios institucijos, ir privatls subjektai.
Vietos valdzios institucijos ir privatis subjektai regeneruotg vandenj gali naudoti jvairiems tikslams,
pavyzdZiui, gatvéms valyti ir plauti, automobiliy plovykloms, fontanams ir tvenkiniams papildyti, poilsio
zonoms drékinti ir augalams veisti.

ReNutriWater remiasi trimis bandomaisiais projektais:

1 bandomasis projektas: regeneruoto vandens dezinfekavimo efektyvumas
Vykdant bandomajj projekta buvo sukurti efektyvis regeneruoto vandens dezinfekavimo metodai.
2 bandomasis projektas: regeneruoto vandens sudéties koregavimas

Vykdant bandomajj projekty atlikti regeneruoto vandens sudéties parinkimo metody tyrimai, siekiant jj
pritaikyti konkretiems poreikiams, pvz., augaly drékinimui.

3 bandomasis projektas: kliiiciy, trukdanciy naudoti regeneruotg vandenj, pasalinimas

Vykdant bandomajj projekty atlikti bandymai, siekiant uztikrinti saugy regeneruoto vandens naudojimg
auginant augalus Siltnamiuose.

ReNutriWater partneriaidalijasibandomuyjy bandymy rezultatais su tikslinémis grupémis. Sukurti sprendimai
ir priemonés padeda jvertinti pasirinkty pakartotinio vandens naudojimo technologijy jgyvendinimo
galimybes.

Siuo projektu siekiama spresti jvairius i8ikius, kad bity paspartintas politikos formavimas, palengvinant
pakartotinio vandens naudojimo diegimg Europos miestuose. Geroji vandens pakartotinio naudojimo
praktika skatina Ziedine ekonomika ir padeda siekti keliy JT darnaus vystymosi tiksly.

Partnerysté

Pagrindinis projekto partneris — Lenkijos vandens Gkio rimai. Iniciatyvoje dalyvauja 14 projekto partneriy
i$ penkiy Saliy: Lenkijos, Suomijos, Latvijos, Lietuvos ir Danijos. Visg dalyviy sgrasa rasite vadovo pabaigoje.

Projekto trukmé

2023 sausis — 2025 gruodis
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Biudzetas ir finansavimo Saltinis

Bendras ,,ReNutriWater” biudzetas — 3,85 min. eury. 80 proc. finansavimo Saltinis — Interreg Baltijos jlros
regiono programa. Daugiau informacijos apie Interreg programa ir projektg galima rasti projekto interneto
svetainéje: ReNutriWater - Interreg Baltic Sea Region (interreg-baltic.eu/project/renutriwater).

Vadovas

Sis vadovas yra konkreciai sukurtas kaip isamus $altinis, kuriame pateikiamos vertingos j?valgos, gautos
iSsamiai konsultuojantis su jvairiomis suinteresuotosiomis Salimis. Juo siekiama didinti informuotuma apie
ypatingg pakartotinio vandens naudojimo svarbg ir didZiulj potencialg sprendZiant pasaulines vandens
problemas, pabreéziant jo vaidmenj tvariai valdant iSteklius ir saugant aplinkg. Pateikiant patirtj ir geriausig
praktiky, jgyta kruopsciai vykdant bandomuosius projektus, vadove siekiama suteikti tikslinéms grupéms
praktiniy Ziniy ir veiksmingy strategijy, kurias galima taikyti jvairiomis aplinkybémis. Tai lyg platforma,
padedanti plétoti bendradarbiavimg ir skatinti inovacijas vandens pakartotinio naudojimo praktikoje,
uztikrinant, kad jgyta patirtis ir parengti sprendimai bity prieinami ir pritaikomi placiajai auditorijai.

1.6 DK

ReNutriWater — Recirkulere lokale vandkredslgb gennem genanvendelse af naeringsstoffer og vand

Mal og aktiviteter

Projektet hjeelper offentlige myndigheder og operatgrer af rensningsanlaeg med at udvikle handlingsplaner
til at genvinde vand fra spildevand og genbruge det til renggring, vanding af rekreative omrader og planter.
Det er et Water-smart Societies — prioritetsprojekt finansieret af EU's Interreg Baltic Sea Region Programme.

Pa grund af klimaforandringerne og stigende miljgforurening er ferskvand blevet en stadig mere veerdifuld
ressource. Varme somre og tgrke g@r det endnu vigtigere at spare pa vandressourcerne om sommeren,
ogsa i Pstersgregionen. Ferskvand bgr anerkendes som et ressourcekreevende produkt, som trods en
omfattende indledende behandlingsproces stadig ofte udledes efter engangsbrug i mange lande. Denne
praksis spilder penge, energi og menneskelig arbejdskraft, som kunne reduceres med vandgenvinding fra
spildevand.

Dog har genanvendelse af vand sine udfordringer relateret til specifikke krav til dets kvalitet. Malet med
forskning i genanvendt vand er at reducere risikoen for dets potentielt skadelige indvirkning pa miljget og
menneskers sundhed. Ngglen er at udvikle Igsninger til genvinding af sikkert vand, fri for patogener og
mikropollutanter, men med den rette maengde neaeringsstoffer. At overvinde potentiel samfundsmaessig
t@ven er ogsa afggrende. ReNutriWater-forskere er godt klar over folks opfattelser af, hvad der udggr rent
og beskidt vand, hvorfor projektet prioriterer at undersgge genanvendelse af renset spildevand til formal,
hvor vandet ikke skal bruges som drikkevand.

| ReNutriWater streeber vi efter at bevare naeringsstoffer i det genvundne vand for at bekeempe eutrofiering
af Psterspen samt reducere behovet for kunstggdning pa land. | processen med at genvinde vand kan
nzringsstoffer bevares i vandet. Maengden af neaeringsstoffer kan justeres, hvorefter vandet kan bruges
til vanding. Dette mindsker behovet for kunstggdning og muligger gavnlig brug af naeringsstoffer i stedet
for at de ophobes pa rensningsanleeggene. Dette mindsker udledning af nzeringsstoffer og dermed
eutrofiering af @stersgen. | pilotprojekterne i ReNutriWater testede vi, hvordan naeringsrigt genvundet
vand kunne produceres og bruges, og dermed skabe cirkuleere gkonomiske forretningsmodeller i vand- og
spildevandssektoren.

Blandt modtagerne af genanvendt vand finder vi bade lokale myndigheder og private virksomheder, der
kan bruge vandet til forskellige formal sasom gaderenggring, bilvask, springvand og bassiner, vanding af
rekreative omrader og til dyrkning af planter.
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ReNutriWater omfatter tre pilotprojekter:

Pilot 1: Effektiv desinfektion af genvundet vand
Som en del af pilot 1 blev der udviklet effektive metoder til desinfektion af genanvendt vand.
Pilot 2: Justering af sammensatningen af genanvendt vand

Forskning i metoder til at justere sammensatningen af stoffer i det genvundet vand for at tilpasse det til
specifikke behov som f.eks. plantevanding.

Pilot 3: Nedbrydning af barrierer for brug af genvundet vand

Det blev testet hvor sikker genanvendelsen af renset spildevand er ved vanding af planter i drivhuse.

ReNutriWater-partnere deler resultaterne af pilotprojekterne med deres malgrupper. De udviklede Igsninger
og vaerktgjer hjelper med at vurdere gennemfgrligheden af udvalgte teknologier til vandgenanvendelse.
Dette projekt har til formal at adressere forskellige udfordringer for at fremskynde politiske beslutninger
og lette implementeringen af vandgenbrug i Europas byer. Den gode praksis med at genanvende vand
fremmer en cirkulaer gkonomi og adresserer flere af FN's Verdensmal.

Projektpartnerskab

Hovedpartneren i projektet er Chamber of Economy “Polish Waterworks”. Initiativet har 14 projektpartnere
fra fem lande: Polen, Finland, Letland, Litauen og Danmark. Den fulde liste over deltagere kan findes i
slutningen af handbogen.

Projektets levetid
Januar 2023 — december 2025

Projektbudget og finansieringskilde

Det samlede budget for ReNutriWater er 3,85 millioner euro. 80% af finansieringen kommer fra Interreg
Baltic Sea Region Programme. Mere om Interreg-programmet og projektet kan findes pa projektets
hjemmeside: ReNutriWater - Interreg Baltic Sea Region (interreg-baltic.eu/project/renutriwater).

Handbog

Denne handbog er specifikt designet til at tjene som en brugbar samling af veerdifulde indsigter opnaet
gennem omfattende samarbejde med en bred vifte af interessenter. Den s@gger at gge bevidstheden om
det store og vigtige potentiale for vand-genanvendelse i handteringen af globale vandudfordringer, og
fremhaever dets rolle i baeredygtig ressourceforvaltning og miljgbeskyttelse. Ved at praesentere ekspertise
og bedste praksis afledt af de gennemfgrte pilotprojekter, sigter handbogen mod at bidrage med praktisk
viden og handlingsrettede strategier, der kan anvendes i forskellige sammenhaenge. Desuden udggr
handbogen en platform til fremme af samarbejde og opmuntring til innovation i vandgenbrugspraksis, og
sikrer, at de lzerte erfaringer og udviklede Igsninger er tilgeengelige for et bredt publikum.

2 Water reuse in the Baltic Sea Region

Why reuse?
QThe Baltic Sea region is rich in water resources: it has the sea, a dense network of rivers,
o many lakes, and wetlands. The implementation of the water reuse concept is essential for
| regions with a hot and dry climate, but it is of rapidly growing importance for the Baltic Sea
region.

Water reuse is relevant and, in the future, will become unavoidable in the Baltic Sea Region for several
reasons:

1. Environmental Protection: The Baltic Sea is one of the most polluted seas in the world. Inland water
quality, receiving discharges of treated wastewater, could be better. Water reuse can reduce the
discharge of pollutants into the sea, thereby helping to protect marine on inland water ecosystems.
Recovery of nutrients is essential for improved water quality.

2. Water Scarcity: Some areas within the Baltic Sea Region face water scarcity issues, especially during
dry seasons. The increase in urbanisation is another water resource stress factor. Reusing water can
provide an alternative source, helping to meet the demands of agriculture, industry, municipalities, and
recreation.

3. Sustainable Development: As countries in the region aim to meet sustainability goals, water reuse aligns
with efforts to promote efficient resource use and reduce environmental impacts. Water reuse can be
considered as the implementation of the circular economy concept in water resource management.

4. Climate Change Adaptation: With changing weather patterns, including increased rainfall variability,
regular drought periods during spring, summer seasons, reusing water can enhance resilience against
climate-induced water supply fluctuations.

5. Economic Factors: Implementing water reuse systems, nutrient recovery can lead to cost savings and
enhance water supply security, which is important for economic development in the region.

6. Technological Advancements: Innovations in treatment technologies have made water reuse more
viable and safer, encouraging its adoption across various sectors.

7. Policies of the European Union: EU legislative initiatives concerning water resource-saving and reuse
regulate and enable water reuse implementation.

8. Awareness rising: It is necessary to popularize knowledge in society and among stakeholders about
the need to save resources and implement the principles of the circular economy in water resources
management.

» These factors make water reuse a critical topic for discussion and action in the Baltic Sea Region.

How to deal with water shortage?

EQOn one hand, Baltic Sea Region is rich in water resources, rivers, lakes, and wetlands, but on

- the other hand, water resource abundance and their use spatially differ: water consumption
is significantly higher in urbanised areas, intensive agricultural areas, than in less populated,

natural regions. Water scarcity is evident in the Baltic Sea Region — we need to mitigate it.

Yes, reclaimed wastewater can play a significant role in addressing water scarcity issues in the Baltic Sea
area to cover the needs of industrial and agricultural development. Here are several ways in which it can
contribute to solving this problem:

1. Alternative Water Source: Reclaimed water provides a reliable alternative water source, especially
during periods of drought or low precipitation. This can help meet the needs of agriculture, industry,
and municipal water supplies.

2. Sustainable Agriculture: In agricultural regions, reclaimed water can be used for irrigation, which is
particularly valuable in areas facing freshwater shortages. By using treated water, farmers can maintain
crop production without depleting natural water resources.
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3. Reduced Pressure on Freshwater Resources: By utilizing reclaimed water, communities can alleviate the
demand on freshwater sources, helping to maintain ecological balances in rivers and lakes that might
otherwise be over-extracted for water supply.

4. Cost-Effectiveness: While initial infrastructure investments may be required, reclaimed wastewater can
ultimately be a cost-effective water solution, reducing the need for costly freshwater infrastructure and
treatment.

5. Nutrient Recycling: Reclaimed wastewater often contains nutrients like nitrogen and phosphorus that
can benefit agricultural soil. This recycling is especially useful in enhancing soil fertility while reducing
reliance on synthetic fertilizers.

6. Enhanced Resilience: Implementing reclaimed wastewater systems enhances resilience against the
impacts of climate change, such as increased variability in rainfall and temperature patterns, which can
affect the availability of freshwater.

7. Community Engagement and Awareness: Establishing successful reclamation projects can foster
community awareness and engagement in sustainable water practices, promoting a culture of
conservation and responsible water use.

8. Innovation and Technology Development: The adoption of reclaimed wastewater systems can drive
innovation in water treatment technologies, leading to improved processes that could benefit both
reclaimed and potable water systems.

» While there are challenges and risks associated with reclaimed wastewater use, such as ensuring water
quality and overcoming public perception issues, strategic planning and investment can effectively
integrate this resource into a sustainable water management framework in the Baltic Sea area.

QWhat about the water quality?
o

There is an urgent need to address surface and groundwater quality in the Baltic Sea area.

The surface water quality in the Baltic Sea area is of significant concern due to various
anthropogenic pressures, including agriculture, industrial activities, and urban development.
Here are some key points regarding the water quality in this region:

1. Eutrophication: One of the primary issues affecting the Baltic Sea is eutrophication, primarily caused by
nutrient runoff (nitrogen and phosphorus) from agricultural fields and wastewater. This leads to algal
blooms, which can deplete oxygen levels and harm marine life.

2. Pollutants: The Baltic Sea is affected by the presence of various pollutants, including heavy metals (such
as mercury and lead), persistent organic pollutants (POPs), and microplastics. Industrial discharge and
non-point source pollution contribute to the accumulation of these substances in the water.

3. Salinity and Stratification: The unique brackish nature of the Baltic Sea, with lower salinity compared
to oceanic waters, influences the distribution of species and the overall health of the ecosystem.
Stratification, caused by differences in temperature and salinity, can lead to reduced oxygen levels in
bottom waters.

4. Biodiversity Impact: Poor water quality can significantly affect fish populations, including commercially
important species like herring and sprat. Moreover, increased nutrient levels and temperature changes
can disrupt local ecosystems, affecting biodiversity.

5. Regulatory Measures: Several international entities, such as the Baltic Marine Environment Protection
Commission (HELCOM), work to monitor and improve the water quality in the Baltic Sea. Initiatives
include reducing nutrient inputs through better agricultural practices, improving wastewater treatment,
and implementing marine conservation efforts.

» Efforts to monitor and improve the water quality are ongoing, but challenges related to pollution,
climate change, and habitat loss continue to pose risks to this delicate environment.

QAnd the quality of reclaimed water?
o

Sometimes, the quality of water in the river is worse than that of reclaimed water.

Indeed, there are scenarios where the quality of reclaimed water can be better than that
of the water found in natural bodies like rivers. This phenomenon can occur due to several
factors:

1. Pollution: Rivers can be affected by various forms of pollution from agricultural runoff, industrial
discharges, and urban wastewater. This can result in poor water quality, with high levels of nutrients,
heavy metals, pathogens, and organic contaminants.

2. Treatment Processes: Reclaimed water typically undergoes stringent treatment processes designed to
eliminate contaminants and pathogens. These processes can lead to higher quality water compared to
untreated or poorly managed river water.

3. Nutrient Levels: In some cases, reclaimed water may have a more balanced nutrient composition, which
can be beneficial for agricultural uses, compared to river water that might have high levels of certain
pollutants.

4. Consistent Quality: Reclaimed water is usually produced under controlled processes that can ensure
consistent quality, whereas river water quality can vary significantly depending on upstream activities,
seasonal changes, and weather conditions.

5. Use in Irrigation and Other Applications: Farmers and municipalities may prefer using reclaimed water
for irrigation or other purposes when the quality assures safety and efficacy, despite nearby natural
water bodies that are potentially polluted.

» Recognizing these conditions is essential for effective water management strategies, particularly in
regions facing water scarcity or pollution issues. It highlights the potential value of reclaimed water
as a resource for sustainable development and environmental protection.

le recovering water from wastewater risky?
o

There are risks and challenges to achieving full-scale water reuse.

Reclaimed wastewater reuse in the Baltic Sea area presents several risks and challenges that
need to be carefully managed:

1. Health Risks: One of the primary concerns with reclaimed wastewater is the potential presence of
pathogens and harmful chemicals. Ensuring that the reclaimed water meets safety standards for its
intended use is crucial to protect public health.

2. Environmental Impact: Improperly treated reclaimed water can lead to the introduction of pollutants,
such as pharmaceuticals, endocrine disruptors, and heavy metals, into the environment. This can harm
aquatic ecosystems and degrade water quality in the Baltic Sea.

3. Public Perception: There may be resistance or mistrust among the public regarding the use of reclaimed
wastewater. Effective communication and community engagement are essential to address concerns
and build acceptance for water reuse projects.

4. Regulatory Framework: The lack of clear and consistent regulations governing the quality and
management of reclaimed water can present challenges. Establishing appropriate guidelines is necessary
to ensure safe and effective practices.

5. Infrastructure Costs: Upgrading existing water treatment facilities and developing new infrastructure for
reclaimed water systems can be expensive. Securing funding and investment can be a barrier, especially
in economically constrained regions.

6. Technical Challenges: Reclaimed water must be treated to meet specific standards for different uses
(e.g., irrigation, industrial processes). This requires advanced treatment technologies and expertise,
which can vary by locality.

7. Climate Variability: Changes in weather patterns, including rainfall variability and temperature
fluctuations due to climate change, can affect the availability and quality of reclaimed water, impacting
its reliability as a resource.

interreg-baltic.eu/project/renutriwater 16

interreg-baltic.eu/project/renutriwater 17



8. Nutrient Imbalance: While reclaimed wastewater can contain beneficial nutrients for agricultural use,
it may also lead to nutrient imbalances in soils or water bodies if not properly managed, potentially
resulting in eutrophication.

9. Long-term Sustainability: Establishing robust systems for ongoing monitoring, evaluation, and
maintenance of reclaimed water projects is essential to ensure their long-term viability and minimize
risks.

» Addressing these risks and challenges is vital for the successful implementation of reclaimed
wastewater reuse in the Baltic Sea region, ensuring it contributes positively to water sustainability
and environmental protection.

What else can be done?

o° Recovery of elements and materials from wastewater is an emerging and vital area aimed at
promoting sustainability, reducing environmental impacts, and creating valuable resources
from waste.

Recovery can involve various technologies and methods, depending on the type of wastewater and the
materials of interest:

1. Nutrients (Nitrogen and Phosphorus). Phosphorus can be recovered as Struvite (magnesium ammonium
phosphate) by precipitation from wastewater rich in nutrients, particularly in anaerobic digestion
effluents and sewage sludge. This struvite can then be used as a slow-release fertilizer. Advanced
wastewater treatment processes can enhance the removal of nitrogen and phosphorus, which can then
be reused as fertilizers.

2. Metalscanberecoveredfromreclaimed wastewater usingtechnologiessuch as adsorption, precipitation,
and electrochemical methods.

3. Valorization of Sludge: Sludge generated during wastewater treatment can be processed to recover
organic compounds, such as fatty acids and enzymes, which can be used in various applications.

4. Microplastics and Pollutants can be isolated: using technologies such as filtration, flotation, and chemical
treatment can help remove microplastics and hazardous chemicals from wastewater, allowing for a
potential recycling route for some plastics.

5. Carbon Recovery from wastewater can effectively help reduce greenhouse gas emissions and enhance
carbon capture methods.

» Therecovery of elements and materials from wastewater and reused wastewater not only contributes
to resource conservation but can also reduce the environmental burden of traditional wastewater
disposal methods. However, challenges such as the economic viability of recovery processes,
technological limitations, and regulatory frameworks need to be addressed to promote larger-scale
implementation of these recovery techniques.

Fit-for-purpose?

° Fit-for-purpose water is the best solution (it is not overtreated, has the appropriate amount
of nutrients, is safe, etc)

The concept of "fit-for-purpose" water reuse is indeed a promising solution, particularly in
contexts where the quality of water can be tailored to specific uses. This approach has several advantages:

1. Resource Efficiency: By treating water to specific standards based on its intended use, less energy and
chemicals are consumed compared to traditional treatment methods that aim for a higher level of
purity than necessary.

2. Nutrient Management: In agricultural applications, for instance, using treated wastewater can provide
essential nutrients (like nitrogen and phosphorus) that benefit crop growth, thus reducing the need for
synthetic fertilizers.

3. Safety: Employing rigorous safety standards within the fit-for-purpose framework ensures that the
water is treated adequately for its specific end use. This helps build public confidence in reused water.

4. Cost-Effectiveness: By adjusting treatment processes to fit the intended use, communities can save
costs and resources that would otherwise be spent on over-treatment.

5. Sustainability: This approach promotes a circular economy by maximizing the utility of water resources,
thereby conserving freshwater supplies and minimizing waste.

6. Flexibility: Tailoring the treatment to the specific needs allows for flexibility in water management
strategies, adapting to varying demands in different sectors.

» Overall, focusing on fit-for-purpose water reuse is an innovative strategy that addresses both
environmental concerns and the practical needs of communities, particularly in water-scarce or
ecologically sensitive regions like the Baltic Sea Area.

Our approach to reclaiming and reusing water can be seen from the Figure 1.
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Figure 1. Fit-for-purpose water as a result of water reclamation
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3 Legal aspects

The legal framework for water reuse plays a critical role in ensuring the safety, efficiency, and sustainability
of water reclamation. This chapter outlines the key regulations and directives that govern water reuse and
irrigation practices. These documents were used to establish both mandatory and optional measurement
requirements for Project Partners and serve as guidelines for stakeholders to follow in meeting legal and
environmental standards.

Key legal documents

LaHW|Regulation (EU) 2020/741 of the European Parliament and of the Council of 25 May 2020 on minimum
# requirements for water reuse

Water recovery from wastewater is partially addressed by Regulation 2020/741. It introduces basic
parameters that must be monitored when recovering water from urban wastewater and using it in
agriculture. It also introduces the obligation to assess the risk for each solution.

It divides reclaimed water into classes depending on the plants being irrigated and the irrigation method
(Figure 2). The regulation defines four quality classes (A, B, C, D), with Class A being the strictest, intended
for crops consumed raw.

All food crops
consumed raw
Aefar where the edible

Food crops consumed raw where the
edible part is produced above ground

and is not in direct contact with Industrial,

reuse pz:nﬁﬂ g:f,gft reclaimed water, processed food crops anﬁrgegged
A reclaimed water and non-food crops including crops crops
and root crops used to feed milk- or meat-producing
consumed raw Sl
Irrigation All irr_iﬁagon Dﬁg:g;ﬁ:?"“ Al i'rri_gagion
thods . ethods
methods e irrigation method HEEe
, that avoids direct ;
Where there is contact with the Where there is

a risk edible part a risk
of aerosolization of the crop of aerosolization

In the case of irrigation of pastures or forage

Figure 2. Reclaimed water classes according to Regulation 2020/741

Other
demands

Table 1. presents general requirements imposed by the regulation. Other parameters may be determined
based on the risk assessment described in Annex Il of this regulation. The minimum frequency of analyses
is written in blue font.

e 2/w means twice a week
e 2/m means twice a month

e BOD:s - Biochemical Oxygen Demand
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Table 1. Requirements imposed by Regulation 2020/741

Water quality
Water class Indicative E. coli BOD5

Total suspended Turbidity

technology target (No/100 ml)  (mg/l) solids (mg/l) (NTU)

A Secondary <10 <10 <10 <5 Legionella spp.: < 1 000
treatment, (1/w) (1/w) (1/w) (continous) | cfu/l where there is
filtration, and a risk of aerosolisation
disinfection Intestinal nematodes

B Secondary <100 In accordance In accordance - (hel'm!nth' eges): < 1 egg/|
treatment, and (1/w) with 91/271/ with 91/271/ forflrrlgatlon of pastures

. . or forage
¢ deinfecion = 1000 f:gn I, Tab. 1) :E:rfn I, Tab. 1) (2/m or other)
(Z/m) ., . ., .
D <10 000 (Ann. I, sec. D) (Ann. 1, sec. D)
(2/m)

You can check here if your country has already implemented Regulation 2020/741. There are, however,
many Member States that have more detailed legal acts. These are mainly, of course, the southern countries,
which are very affected by water shortages.

Additionally, on August 5th, 2022, the European Commission issued Guidelines to Support the Application
of Regulation 2020/741, providing guidance on permits, penalties, risk assessment, preventive measures,
and emergency management to ensure smooth implementation of the regulation.

_fg Council Directive of 21 May 1991 Concerning Urban Wastewater Treatment

The Urban Wastewater Treatment Directive establishes requirements for the proper collection, treatment,
and discharge of urban wastewater to protect public health and the environment. It specifies quality
standards for treated wastewater discharged into surface waters. The directive mandates monitoring of
key water quality indicators, including Biochemical Oxygen Demand (BODs), Chemical Oxygen Demand
(COD), Total Suspended Solids (TSS), total nitrogen, and total phosphorus levels, to minimize the risk of
eutrophication in receiving water bodies. It also provides detailed requirements for concentration limits,
minimum percentage reductions (relative to the influent), and the methods of measurement for each
indicator to ensure consistent and effective compliance.

The directive has been updated by Directive (EU) 2024/3019 of the European Parliament and of the Council
of 27 November 2024 concerning urban wastewater treatment (recast).

This directive establishes rules for the collection, treatment, and discharge of urban wastewater to protect
both the environment and human health, following the One Health approach. It also introduces provisions
for universal access to sanitation, improved transparency in the urban wastewater sector, regular public
health surveillance through wastewater monitoring, and the enforcement of the polluter-pays principle.

The directive addresses modern challenges such as emerging contaminants, including microplastics and
micropollutants, which can harm the environment even at very low concentrations. It emphasizes the
importance of regularly monitoring these substances.

The directive classifies micropollutants into two categories:
e Easily Treatable Substances (e.g.: Amisulprid, Carbamazepine, Citalopram).
e Easily Disposable Substances (e.g.: Benzotriazole, Candesartan, Irbesartan).

To ensure environmental protection, the directive mandates an 80% removal efficiency for selected
micropollutants in these categories.

Directive (EU) 2020/2184 on the Quality of Water Intended for Human Consumption

This Directive establishes a legal framework aimed at protecting human health through appropriate
monitoring and treatment of water intended for human consumption. It specifies microbiological and
chemical quality indicators.

Although producing drinking water was not a goal of the ReNutriWater project, these indicators were
included as optional measurements for Pilot 1 to enhance safety and align with best practices.
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% Directive 2008/105/EC of the European Parliament and of the Council of 16 December 2008 on
&f=lenvironmental quality standards in the field of water policy

This directive establishes environmental quality standards (EQS) for substances that can pollute surface
waters. Key pollutants covered under the directive include heavy metals (e.g., cadmium, mercury, and lead)
and pesticides (e.g., atrazine and chlorpyrifos).

These standards are designed to ensure that treated wastewater complies with environmental safety
benchmarks. The directive also provided a basis for incorporating a list of micropollutants into the analytical
scope of the ReNutriWater project.

Lad|Commission Implementing Decision (EU) 2022/1307 of 22 July 2022 establishing a watch list of
#=l|substances for Union-wide monitoring in the field of water policy pursuant to Directive 2008/105/EC

The 2022 watch list identifies emerging pollutants that pose a potential risk to aquatic environments and
require monitoring due to insufficient existing data. These include substances like antibiotics, fungicides,
and pharmaceuticals, which can harm ecosystems even at low concentrations.

Key additions to the 2022 watch list:

e Antibiotics: Clindamycin, Ofloxacin

e Other Pharmaceuticals: Metformin

e Pesticides and Fungicides: Azoxystrobin, Diflufenican, Fipronil

Monitoring these substances enhances irrigation water safety and aligns with EU environmental strategies,
including the EU Strategic Approach to Pharmaceuticals in the Environment and the European One Health
Action Plan against Antimicrobial Resistance (AMR). These initiatives aim to expand knowledge on the
occurrence and spread of antimicrobials in the environment.

The watch list defines maximum concentrations for most micropollutants that have been studied. For those
without established limits, these are expected to be added in future updates.

» FAO Paper No. 29: "Water Quality for Agriculture"

This document outlines proposed requirements for the concentrations of nutrients and heavy metals in
reclaimed water used for irrigation. While nutrients promote plant growth, their levels must be carefully
controlled to prevent biofilm formation and maintain an appropriate carbon-to-nitrogen-to-phosphorus
(C:N:P) ratio for effective irrigation. The Food and Agriculture Organization (FAO) paper establishes
maximum concentrations for heavy metals, such as cadmium (< 0.01 mg/l) and arsenic (< 0.10 mg/l), to
ensure they do not inhibit plant growth. It also recommends maximum concentrations for trace elements,
including iron (£ 5 mg/l) and zinc (< 2 mg/l), which can enhance plant growth when maintained within safe
limits. Additionally, the document specifies the usual ranges of nutrients in irrigation water, such as nitrate-
nitrogen (< 10 mg/l), ammonium-nitrogen (< 5 mg/l), phosphate-phosphorus (< 2 mg/I), and potassium (<
2 mg/l), ensuring optimal conditions for agricultural use in line with the FAQ's guidelines on water quality
in agriculture.

Next, we present the state of the law regulating water reclamation and reuse in selected EU countries:
Estonia, France, Greece, Hungary, Italy, Portugal, Romania, Spain and Sweden.
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Water reuse regulations in selected EU countries

5 ESTONIA

Estonia is the only Baltic country with legislation touching the subject of the recovery of water from
wastewater. The relevant legal instrument is the Estonian Water Act, which introduces the topic of water
reuse in §128. The act does not specify the permissible uses of treated wastewater. However, §128 provides
that reclaimed water production refers to the treatment of wastewater, mine water, quarry water, cooling
water, or aquaculture water, for the purpose of transferring it to a third party.

l:i FRANCE

In France, the subject of reclaimed wastewater is addressed in the Environmental Code. Compared to
EU legislation, French legislation is similar regarding the uses, classes, and monitoring requirements of
reclaimed water.

E GREECE

By virtue of the joint ministerial decision, measures, conditions, and procedures regarding the reuse of
treated wastewater have been established. The aim of the document is to promote the reuse of such
water and to conserve water resources, to counteract the effects of water shortages and drought in
the Mediterranean region, as well as the negative impacts of climate change, overexploitation of water
resources, and groundwater salinization.

According to Article 4, reuse is foreseen primarily for irrigation, which is classified into two types: restricted
and unrestricted, depending on the use of reclaimed water, whether crops are consumed raw, and how they
are irrigated. Article 6 regulates the potential use of reclaimed water in urban and suburban areas, including
for the irrigation of green spaces, recreational areas, forests, cemeteries, roadside slopes, public parks,
gardens, spaces around hotels, for firefighting, cleaning streets and sidewalks, decorative fountains, the
creation and maintenance of lakes and wetlands, and for reinforcing surface water flows. Use for drinking,
bathing, and domestic activities is explicitly excluded. Article 7 concerns the use of treated wastewater in
industry.

= HUNGARY

In Hungary, Government Decree No. 50/2001 (IV.3.) as revised lays down the rules for the agricultural use
and management of wastewater and sewage sludge. Its purpose includes the implementation of Regulation
(EU) 2020/741 of the European Parliament and of the Council, and among other objectives, the regulation
of the use of certain types of wastewaters while avoiding harmful effects on the environment, human and
animal health. The law permits the use of treated wastewater in agriculture, particularly for the irrigation of
industrial crops, energy crops, and seed crops. §4 clarifies that such wastewater must not be used for crops
intended for human consumption or as animal feed.

BT

In Italy, water reuse is governed by the Regulation setting out technical standards for the reuse of
wastewater for the implementation of Article 26(2) of Legislative Decree No. 152 of 11 May. The Regulation
establishes technical standards for the reuse of domestic, urban, and industrial wastewater. Permitted
uses for reclaimed water include irrigation of crops, green areas, recreational and sport areas, as well as
applications in industry and cities: street cleaning, heating systems, cooling systems, and toilet flushing,
firefighting water, process water, cleaning water. Using water in contact with food, pharmaceuticals, and
cosmetics is prohibited.
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7B PORTUGAL

Portugal’s Water Resources Law establishes the framework for the sustainable management of water
resources. One of its manifestations is contained in Article 44(3), which stipulates that the abstraction of
public water resources, especially for the irrigation of gardens, public spaces, and golf courses, should,
whenever possible, be supplemented by alternative water sources, e.g., reclaimed water, storm water. To
further promote water reuse, Article 60 establishes a general principle under which the granting of discharge
licenses is subject to confirmation that no alternative disposal method is available, including recovery
operations. This requirement is aimed at encouraging the reuse of water and minimizing unnecessary
discharges into the environment.

I] ROMANIA

Pursuant to Article 5 of the updated Decision No. 188 of 28 February 2002 on the approval of standards for
the conditions of discharging wastewater into the aquatic environment, Romania—due to its geographic
location within the Danube River Basin and on the Black Sea coast, as well as the need to protect these
areas—declares its entire national territory a sensitive area. Article 6 provides that treated wastewater may
be reused, subject to approval by the competent authorities, depending on its origin and intended field of
application.

SPAIN

Spain has a rich experience in water reuse, mainly in agriculture. It responded to the need to establish a
legal framework for water reuse and to implement Regulation (EU) 2020/741 by adopting Royal Decree
1085/2024 of 22 October 2024. This Decree amends various Royal Decrees governing water management.
Its primary objectives are to ensure the safety of reclaimed water for its intended uses, protect human,
animal, and environmental health, promote a circular economy and climate change adaptation, and
ensure sustainable water management and the protection of water resources by addressing shortages
and pressures on aquatic ecosystems. It goes far beyond agricultural applications but prohibits certain
directions like direct human consumption, food industry, hospitals and medical facilities, aguaculture in the
breeding of filter-feeding mollusks, recreational use in swimming pools.

SWEDEN

Swedish Requlation (2024:161) concernsthe use of reclaimed water for agriculturalirrigation. It complements
EU Regulation 2020/741. Reclaimed water may be used for irrigating agricultural crops, and the end user is
responsible for ensuring compliance with the required water quality standards. The Swedish Environmental
Protection Agency may issue additional rules specifying the necessary safety measures for such use. Before
doing so, the Agency must consult the Swedish National Food Agency and the Swedish Board of Agriculture.
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4 ReNutriWater pilots

4.1 Introduction to piloting

Recovering water from wastewater is a very serious challenge, although at first glance it seems very easy.
Urban wastewater is water in over 99% of its volume (Figure 3). It is enough to remove less than one
percent of the pollutants from it. In reality, it is a serious challenge. We would like to recover water in which
nutrients remain, but it will be free of other pollutants such as heavy metals, microplastics, pharmaceuticals
and pathogenic microorganisms.

Simultaneous recycling of
water and nutrients

is also possible, i.e.
selecting the amounts
and chemical forms of
nitrogen, phosphorus,
and potassium.
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Figure 3. Challenges of water reclamation and reuse

In our project, we decided to introduce this issue to four target groups:

e Infrastructure and public service providers, mainly urban wastewater treatment plant operators
e Local public authorities (municipalities)

¢ Small and medium enterprises (SME) from tourism (hotel operators) and technology providers
* Interest groups, organizations interested in this challenge

We decided to focus on the basic issues that would bring the issue closer to our target groups. So we
conducted three pilots and developed tools to support the development of decision-makers' knowledge.

The pilots covered three issues (Figure 4):
e disinfection of reclaimed water,
e jrrigation of urban areas (lawns, flower beds),

e experimental greenhouse crops.
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Figure 4. The pilots’ scope

@Pilot 1. “Disinfection efficiency of reclaimed water” focused on adapting and assessing the
-:(&{Jef'fectiveness of the disinfection stage in water reclamation. The primary objective was to

develop science-based recommendations for optimizing disinfection processes after conventional
wastewater treatment systems.

Pilot 1 main stations were located at:
e Savonia University of Applied Sciences, Kuopio, Finland,
o Wastewater Treatment Plant Warsaw Potudnie, Warsaw, Poland.

Disinfection methods were also tested in other pilots in Poland, Latvia, and Denmark. Pilot operators were
supported by researchers from the Warsaw University of Technology and the University of Latvia.

QPilot 2. “Composition adjustment of reclaimed water” focused on optimizing the nutrient
-:(.&/,Jcomposition of reclaimed water, particularly nitrogen and phosphorus, to meet the requirements
for its intended applications, such as irrigation or landscaping (e.g., parks and urban greenery).

Pilot 2 locations were the following:
¢ Wotkowyija (Poland) at a pilot plant operated by Schwander Polska Ltd, Poland
e Jirmala Water Utility, Latvia

Moreover, the fertilizing properties of reclaimed water were analyzed at Savonia University of Applied
Sciences in Kuopio and at Warsaw University of Technology.

@Pilot 3. “Breaking barriers for reclaimed water use” aimed to develop practical applications to
-:{L\_{J address barriers to the use of reclaimed water. The objective was to demonstrate that reclaimed

water can be safely used for irrigation and as a nutrient source without requiring significant
investments in existing wastewater treatment infrastructure.

The pilot included greenhouse trials for growing different crops with water reclaimed from wastewater.
This approach is particularly relevant in regions where reclaimed water is not yet widely accepted or where
external factors, such as water scarcity, are not major drivers for adopting sustainable water practices.
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Figure 5. Overview of Pilot Locations

Greenhouses have been located at:

e Savonia University of Applied Sciences, Kuopio, Finland,
e Samsg WWTP, Denmark,

e Ugale WWTP operated by VNK Serviss, Latvia,

e  WWTP in Wotkowyja, Poland.

Therefore, treated wastewater from different treatment plants was used in the pilots (Table 2).

Table 2. Basic parameters of the wastewater treatment plants used in the project

Finland Finland Poland Poland Latvia Latvia Denmark

WWTP name  —
[ ]

Warsaw Wotkowyija | Jirmala

Parameter Units: Pilot1,2,3 Pilot1,2 Pilot 2,3

Population [P.E.] 90,000 3,800 580 000 6,133 35,400 1,035 8,624

equivalent

Treated wastewater volume

Yearly [m¥% 6,600,000 | 400,000 (24 378204 | 300000 |2,700,000 | 99,623 | 426,942
year]

Monthly [m¥ 550,000 33,333 | 2031517 25,000 225,000 9,057 35,579
mth]

Daily average [m¥d] 18,333 1,111 66 607 1,000 7,500 317 1,170

flow

Daily [m¥d] 40,000 2,500 94 034 940 1,645

maximum flow

Sources of treated wastewater:

Domestic [%] 70 70 80,4 100 80 30 65
Non-domestic [%] 10 0 0 0 0 0 0
Rainwater [%] 20 30 19,6 0 20 70 35
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4.2 Water reclamation pilots

4.2.1 Kuopio

Tahko-Nilsia wastewater treatment plant is located in central
@ Finland, in the Northern Savonia region. It has a capacity of

3,800 PE, treating 400,000 m3 per year, with an average daily [
wastewater flow of 900 ms and a maximum of 2,500 m¥day. It treats |
70% of domestic wastewater and 30% of surface runoff, but does not
treatindustrial wastewater. The area served by the WWTP is designated
for tourism, where sports are practiced at any time of the year. The A
technology includes primary treatment on screens, sand removal Coa
with sedimentation, and then biological treatment (denitrification,
alternating aeration, and nitrification), and sedimentation in a
secondary settling tank. Before the treated wastewater is discharged
into a lake, it is disinfected. Figure 7 presents the technology diagram.

Figure 6. Location of Kuopio, Finland
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Figure 7. Tahko-Nilsid Wastewater Treatment Plant technology

Savonia region. It has a capacity of 90,000 PE. The amount of treated wastewater is 6.6 million m%/

year, 550,000 m3¥month, an average daily flow of 18,000 m%d, and a maximum daily flow of 40,000
m3¥d. Sources of treated wastewater are 70% domestic wastewater, 10% industrial wastewater, and 20%
surface runoff. The area served by the plant is inhabited by over 120 thousand people. The city offers
tourists and residents a combination of raw nature, lake waters, and active recreation, regardless of the
weather. Treatment processes at WWTP include mechanical, biological, and chemical treatment, as well as
sludge management. Biological microbial activity and appropriate chemical supplements remove organic
matter, nitrogen, and phosphorus from the wastewater so that the water at the outlet of the discharge pipe
is clean again and can be returned to the natural cycle. The treated wastewater is collected for several days
at the treatment plant in one massive tank before it is discharged to the lake. Figure 8 presents the
technology diagram.

@ Kuopio-Lehtoniemi wastewater treatment plant is also located in central Finland, in the Northern
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Figure 8. Kuopio-Lehtoniemi Wastewater Treatment Plant technology

Laboratory scale AOP pilot station is placed in Savonia University of Applied Sciences.
Treated wastewater for piloting was transported from Kuopio-Lehtoniemi WWTP or Tahko-Nilsia
dl(. 2/ WWTP in an amount of about 500 L for making batches by passing it through the pilot station with
Advanced Oxidation Processes (AOP). The pilot station used 200 L of wastewater in one batch. The
pilot station is adapted only to perform treatment in batches on a lab scale; to use it at a wastewater
treatment plant for continuous work would require scale-up and modifications.

Figure 9. presents the water reclamation process:

e IN-inlet. This is the point where the WWTP effluent is delivered without storage directly for testing.
e (OZ-ozonation,

e AF —sorption on activated carbon + filtration on string filter (<50um),

e UV —disinfection with a UV lamp,

e CL-chlorination with a dose of 10% NaOClI.

This pilot station demonstrates a comprehensive water treatment process integrating advanced oxidation,
adsorption, UV irradiation, and chlorination. It operates within a controlled laboratory environment to
optimize treatment parameters and evaluate the system's efficiency. Future modifications could adapt the
system for continuous operation at full-scale wastewater treatment facilities.

PROCESS | WW collection | WW delivered OZONATION ACTIVE | FILTER uv ' CHLORINATION
NAME prepared in from WWTP (AOP)* CARBON <50 pm (AOP)* Naocl
WWTP FILTRATION | 10% free Cl
| PARAMETERS TANK 200 LWW Q=200 L/h Q=65L/h 3000 L/h 0.60ml /200 L
min. 500 L per 1 batch 1h 3-4h | &min. 30 min.

GENERATOR

LAB WW samples

TESTS taken
PREPARATION for tests
: Country City | Object

.l_ Finland Kuopio DISIE‘IfB?tIOI‘I pilot m

stationin lab scale

Figure 9. Laboratory scale AOP pilot station placed in Savonia University of Applied Sciences

Water samples for testing were taken after every process step. Wastewater from Tahko-Nilsia WWTP was
treated in batches from the beginning of 2024 to May 2024 with a monthly frequency (weeks: 3, 7, 11, 12,
15, 20), and in fall-winter 2024 (week 44). Wastewater from Kuopio-Lehtoniemi WWTP was treated during
the summer with a weekly frequency (weeks: 23-39), due to relating it with watering of greenhouse crops
in pilot 3.
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4.2.2 Warsaw

Potudnie WWTP is one of four WWTP operated by the Warsaw Municipal Water and Sewage
Company SA. It is located in the southern part of Warsaw.

The WWTP Potudnie (Figure 10) was designed for a capacity of 580,000 PE. In 2024, over 24,000,000
m3 of sewage was treated there, with an average daily flow of 67,000 m3, a maximum of 94,000 m¥day. 81%
of the inflow volume is domestic sewage, and approximately 19% is rainwater. The technological processes

include mechanicaland biological processes withincreased “Debe"

. . . Legionow
removal of nutrients. The primary treatment is based Plant R e —
on cleaning screens, grit removal, and sedimentation in i .

primary settling tanks. Then, wastewater is directed to Biloleka
two biological lines. Each line consists of a radial reactor
and two secondary settling tanks. The radial reactor is
divided into five successive zones with different oxygen
conditions. These are respectively an anaerobic zone, an | “Prustkéw Wola
anoxic zone, and three aerobic zones with different oxygen iz -
concentrations. After the reactor, the sewage is directed
to secondary settling tanks where the sludge is separated
from the active sewage sludge. Then, the treated sewage
is discharged into the Vistula River. Figure. 11 shows the
technology diagram.
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Figure 10. Location of Potudnie WWTP in Warsaw, Poland
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Figure 11. Potudnie Waste Water Treatment Plant technology

The semi-technical scale AOP pilot station is located on the WWTP Potudnie.
= The station consists of two modules. The first module is designed to remove suspensions and
"I( other pollutants from sewage before directing them to the second module. The second module is
4 an advanced oxidation process used for full disinfection of sewage and removal of micropollutants,
including antibiotics, hormones, pesticides, etc. The ozonation process was tested at different retention
times and variable ozone doses. The target pilot station with a capacity of 5 m¥h located on the WWTP
Potudnie consists of successive ion exchange and disinfection processes through ozonation.

The research work carried out in the period from 2024-2025 was divided into two phases. The main goal
of the first phase was to select an effective process for removing so-called remaining pollutants from
wastewater, including total suspended solids. It was assumed that the sewage after module | would be
characterized by turbidity below 1.00 NTU. Two technologies were accepted for testing (Figure 12). The
first technology is based on the filtration process on fabric filters. The second technology is based on the
ion exchange process. The first phase was completed in November 2024. The ion exchange process was
selected as the most effective process, allowing the assumption results, i.e., turbidity below 1.0 NTU. The
second phase of the research consisted of selecting the appropriate parameters of the reclaimed water
ozonation process after the ion exchange process. Different retention times and equal ozone doses were
tested. During the entire research period, the pilot installation operated with a continuous inflow of treated
wastewater from the WWTP Potudnie.
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Wastewater and water samples for testing were taken before and after every process point. During the first
phase, average daily samples were collected at a frequency of once per week. During the second phase, the
frequency of sampling for laboratory analysis was increased to twice per week.

This pilot plant demonstrates a comprehensive water treatment process integrating advanced oxidation
and ion exchange. The pilot plant operates in real treatment plant conditions, with a continuous inflow of
sewage with a capacity of 3 to 5 m¥h. The plant has a modular design, which allows for future modifications
to test other processes used for water recovery from sewage, including sorption on activated carbon or
disinfection with UV lamps or by dosing chemical reagents.

Module | Module Il
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fabric filtrationion ozone generator

—

Sample no 2:
Water after first
module:
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Figure 12. Semi-technical scale pilot station placed in WWTP Potudnie

4.2.3 Wotkowyja

Wastewater Treatment Plant in Wotkowyja is one of four urban WWTPs operating in the Solina
municipality. Their capacities are as follows:

e Berezka WWTP —1 800 m%d (17 500 P.E.), construction year: 2020,
e Wotkowyja WWTP- 1000 m%d 6133 P.E.), construction year: 2023,

e Solina below the Dam WWTP- 800 m3d 6000 P.E.), construction
year: 2016,

e Zaw6z WWTP- 150m?¥d (1000 P.E.), construction year: 2020.

The modernization of two treatment plants is planned for the near
future: in Solina below the Dam and in Zawdz. The design process for
the modernization of the treatment plant in Solina has already been
completed, while design work for the facility in Zawodz is in its final stage.

Figure 13. Location of Wotkowyja, Poland

The Solina municipality, located in south-eastern Poland (Figure 13), is currently inhabited by approximately
5,200 residents. Due to its touristic nature and the significant influx of visitors during the summer and peak
tourist season, the local treatment plants must be prepared for much higher loads. During peak periods,
the volume of wastewater can be as much as ten times higher than during standard use by residents,
requiring adequate capacity and efficiency of the wastewater treatment system.

The provision of an efficient and effective sanitation infrastructure is crucial for the protection of the
environment and of the comfort of both permanent residents and tourists visiting the municipality. The
planned modernization and development of the water and sewage infrastructure aims to adapt the
treatment plant to the dynamic changes associated with the development of tourism in the region.
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The WWTPs in Berezka and Wotkowyja are based on MBR (Membrane Bioreactor) technology (Figure 14).
The WWTPs in Solina below the Dam and Zawdz are also designed using this solution. The municipality of
Solina chose MBR technology because of its high flexibility and efficiency in wastewater treatment, which
is crucial in this municipality as the seasonal variability of the load on the sewer system is extremely high.
Thanks to the use of membrane bioreactors and UV lamps, it is possible to achieve a high level of organic
pollutant reduction and complete disinfection of the treated wastewater, which has a direct impact on the
natural environment.
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Figure 14. Wotkowyja Waste Water Treatment Plant technology

Specifics and advantages of MBR technology

MBR technology is a combination of a gravity-flow MBR (Membrane Biological Reactor)
system and UV lamp disinfection process, and is used to treat wastewater and recycle water
from wastewater. Reclaimed water can be reused, among other things:

» for agricultural purposes for crop irrigation,

» for recreational applications such as snowmaking on ski slopes, irrigation of green spaces, and
recreational facilities such as golf courses, sports stadiums, parks, ponds

» for use on farms as domestic water, for all purposes except drinking and personal hygiene,
» for urban applications for street and square cleaning, irrigation of green spaces, and ornamental plants

The quality of treated wastewater complies with the requirements of EU Regulation 2020/741 and Polish
law. The applied MBR technology allows to obtain the quality of the treated effluent to comply with class
‘N of reclaimed water quality.

Thanks to proprietary technological solutions, MBR technology is characterized by high flexibility and
resistance to seasonal load variations related to the volume of incoming sewage and sewage truck traffic,
resulting, for example, from the tourist character of the region. Based on a proprietary process algorithm
and a specific configuration of the process equipment, stable operation of the wastewater treatment plant
in the range of 10% (off-season) to 100% load (tourist season) and a smooth transition between operating
modes is ensured. With conventional solutions, this flexibility is difficult. Hermitization and thermal
insulation of the reactors ensure their stable and trouble-free operation. The average annual temperature
of the activated sludge in the process tanks is maintained in the range of 12-16°C, guaranteeing process
stability. Figure 15. shows a technological scheme of the treatment plant with MBR technology. MBR
technology consists of two independent process lines, each operating in three-phase mode. Each process
line includes anaerobic, hypoxic, aerobic, and a separate filtration chamber. The anaerobic and hypoxia
chambers are equipped with chamber mixers and overflow windows that allow the wastewater mixture to
flow freely between the chambers. In addition, there is a denitrification reserve in the nitrification zone,
which operates in the event of insufficient nitrogen reduction. In the hypoxia chamber, there are pumps for
recirculating activated sludge to the anaerobic chamber.
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Figure 15. Technological scheme of Wotkowyja WWTP

In the anaerobic chambers, fine bubble membrane diffusers and 2 agitators in each one of them are
installed across the chamber bottom to ensure mixing of the chamber contents. Internal recirculation from
the filtration chambers to the hypoxia chamber is also used.

Filtration chamber

The final element of the process line is the filtration chamber, where water is separated from activated
sludge by means of membrane microfiltration. Excess sludge is continuously discharged to the excess
sludge chamber, depending on the indications of the density probe, and treated wastewater is directed to
the UV lamp disinfection. The treated effluent is discharged to the receiver via a process water well. Gravity
microfiltration modules from Alfa Laval were installed in the filtration chambers, with a total filter area of
3860 m?. The flow of the effluent and activated sludge mixture from the aerobic chambers to the filtration
chambers is by means of an overflow. The separation of the treated effluent from the activated sludge is
carried out by gravity microfiltration membranes as a result of an overpressure of about 40 mbar, with the
tank filling 1m above the module. Table 3. shows the parameters of the membrane filtration process.

Table 3. MBR membrane filtration process parameters

Specification Unit Value
Filtration cycle min 12
Filtration time min 9
Relaxation min 3
Filtration time min/h 45
Total filter area (10 modules) m? 3860

Cleaning membranes

Two methods of cleaning membranes are used. The first method is to inject air between the membrane
sheets, and the second consist of periodic chemical flushing (every 4 months for 1 hour, using 15% sodium
hypochlorite (NaOClI) at a rate of 0.03 kg per square metre of membrane surface). In addition, the module is
equipped with an S-Aerator™ aeration system. With traditional multi-tube diffusers, the problem is the need
to remove blockages. Cleaning and restarting diffusers is a labour-intensive and time-consuming process.
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The S-Aerator™ diffuser has a single-line design that prevents clogs from forming. These are removed
automatically as the air pressure in the system increases. The system described above is a development
and an in-house product of Schwander Polska®.

Automation of plant operation

All operations of wastewater treatment plant are automated and do not require constant maintenance. To
optimise nitrification and denitrification processes and phosphorus precipitation in real time, a superior
proprietary NSS control system is used (Schwander Polska® is the owner of the copyright to the software
and the entity entitled to licence and supply the aforementioned software on the basis of many years
of experience). The control system provides process control and operation in terms of process influence,
visualisation, recording, reporting, archiving and data processing. A microprocessor-based PLC facility
control system is used in the wastewater treatment plant. Signalling from the autonomous plants is made
available on the panel and in the SCADA system. The power and control cabinet houses the drive control and
protection systems, as well as the PLC controllers with the necessary input/output cards and an Ethernet
switch. A 10“colour touchscreen operator panel for local control and input of operating parameters is built
into the facade of the cabinet. The dispatching computer station is located in the control room and is
connected to the PLC located in the supply and control cabinet. The connection is made via the Ethernet
bus.

The NSS control system allows optimisation of nitrification and denitrification processes and phosphorus
precipitation in real time. The current operating conditions of the reactor, the length of the aeration
time and the mixing time of the aeration chamber of the biological reactor are monitored and adjusted.
Optimisation and determination of the durations of these two phases is based on measurements of
ammonium and nitrate nitrogen concentrations in the aeration chamber., whereby not only the absolute
value of this concentration is taken into account, but also the trend and rate of its change. The nitrification
and denitrification optimisation module also has the option of selecting the optimum dissolved oxygen
concentration value required for each process line for the duration of aeration. It is also possible for
the Operator to set a fixed dissolved oxygen concentration value. If, for some reason, the measurement
values necessary for the operation of the optimisation module are not available or the validation of the
measurement signals required for its operation is too low, the optimisation module automatically switches
to standby operation based only on the ammonium or nitrate nitrogen concentration values and, as a last
resort, on the time settings. The phosphorus chemical precipitation optimisation module operates on the
basis of measuring the orthophosphate load in the closed-loop biological reactor effluent (measurement of
orthophosphate concentration after the precipitating agent dosing point + measurement of the effluent flow
supplied to the individual activated sludge chambers). Dosing of the precipitating agent (stepless control
of the dosing pump capacity) is optimised in real time so that the required quantity is dosed, while at the
same time ensuring that the target value for phosphorus concentration in the plant effluent is achieved. In
addition, it is possible to enter a minimum and maximum precipitant dose value into the system (tank). The
MBR technology enables simultaneous nitrification and denitrification processes of biological wastewater
treatment with increased nutrient removal in one chamber.

The hermetic and thermal insulation of the biological reactors (minimum 15 cm thick polystyrene) ensures
stable and trouble-free operation of the reactors. With conventional solutions, there is a high impact
of ambient temperature in winter, which is particularly unfavourable for nitrification and denitrification
processes.

The inflow of incidental water in MBR wastewater treatment technology has little effect on the treatment
process due to the use of a proprietary process algorithm. This is particularly important in two cases that
are very common in sewer agglomerations. The first concerns the illegal infiltration of rainwater (illegal
connections of roof gutters into the storm water drainage system, etc.) and the second concerns the
infiltration of groundwater through leaks in the sewer system. This is particularly important where high
groundwater levels are observed. Both cases can occur simultaneously in a given sewer agglomeration,
which exacerbates the problem of wastewater treatment. By controlling the equipment with a proprietary
process algorithm, this problem can be significantly mitigated, and operational measures can be taken in
real time (both day and night). Thanks to such measures, the risk of deterioration in the parameters of
the treated wastewater is reduced and the recipient of the wastewater is not exposed to excessively high
values of pollution indicators in the treated wastewater.

Intended use of the technology

Matrix: Municipal wastewater with the following parameters:
e Temperature: 8-22°C,

e BODs: 300-1000 mg/I,

e COD: 500-1500 mg/I,

e Total suspended solids: 200-800 mg/I,

e Total nitrogen: 20-150 mg/I,

e Total phosphorus: 5-30 mg/I,

e pH:5-10.

Technology objectives

The aim of MBR technology is to treat municipal wastewater to a level that allows it to be reused in the
economy. The effluent quality meets the requirements for Class A reclaimed water according to Regulation
(EU) 2020/741 of the European Parliament and of the Council of 25 May 2020 on minimum requirements
for the reuse of water.

Technical conditions

Membrane modules

MBR technology uses membrane modules with the following technical parameters:
e pHrange:1-11,

e membrane size: 0.2 um,

e maximum temperature: 50°C

e recommended transmembrane pressure: 10 - 40 mbar,
e typical flow range: 10 - 30 I/m? filter area/h,

e filter area of 1 module: 386 m?,

e frame construction: AlSI 316,

e PVDF membrane,

e gravity drainage of permeate,

e manufacturer: Alfa Laval Polska Sp. z 0.0.,

e type: MFM 260

Wastewater disinfection

e UV lamps with the following parameters are used for disinfection of treated wastewater:
e UV transmittance min. 98 T 1 cm [%],

e UV dose: 400J/m?,

e Manufacturer: Xylem Water Solutions Polska Sp. z 0.0.,

e Type: UV system Spektron 30e,

e Power: 0.38 kW.
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MBR technology enables:

1. Treatment of municipal wastewater to the following pollutant levels:
e COD: <25 mgO0./I

e BODs: <5 mg O/l

e Total suspended solids: <2 mg /I

e Total phosphorus < 0.5 mg/I

e Total nitrogen <5 mg/I2

e Turbidity <2 NTU

e E.coli<10NTU/100ml

¢ Helminth eggs < 1 egg/I

e Legionella spp. <1000 IU/I

2. Remove at least 90% of the following micropollutants from wastewater (e.g., Diclofenac, Ibuprofen).

e Achieving the above wastewater treatment effects is possible with the following process parameter
values:

e Effluent flow rate: 100-1000 m%d

e Reactor load of organic pollutants: 0.10 kg BODs/ 1 kg SM
e Hydraulic Retention Time: 23 h

¢ Sludge concentration in bioreactor: 10-12 mg/I

¢ Dissolved oxygen concentration: 0.3 mg/I

MBR technology combines traditional biological wastewater treatment processes with advanced membrane
filtration. Compared to classical activated sludge methods, it allows for:

¢ Increased efficiency in the removal of organic pollutants and nutrients (nitrogen and phosphorus),
e Eliminates the need for secondary settling tanks,
e High quality of the treated wastewater, allowing it to be reused, e.g. for the irrigation of green areas,

e Reduction of the area required for the operation of the treatment plant, which is important especially
in mountainous and tourist areas.

O

dl Q As part of the research, three plots were established, shown with the same plant (grass), differing
in the method of irrigation:

e Plot | —irrigation with treated effluent (permeate) from the wastewater treatment plant, coming from
the biological sequence in which the process of increased nutrient removal (nitrogen and phosphorus)
was carried out.

e Plot Il —irrigation with tap water from a local dug well.

e Plot Il — irrigation with treated effluent (permeate) from the second process line, in which the
technological process was carried out with only carbon removal without nutrient removal.

The research aims to assess the impact of different irrigation methods on plant growth and development,
which can contribute to optimising the use of treated effluent in agriculture and the reclamation of green
spaces as required.

A part of the pilot was also conducted in Stadta (Podegrodzie municipality).
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4.2.4 Jurmala

The Jarmala Water Utility WWTP, situated in the Sloka

region (Figure 16), treatsapproximately 70% of wastewater

(PE 35,400), and the rest is pumped to the Daugavgriva
WWTP in Riga. In addition, approximately 90% of the septic tank
sludge collected in Jirmala is transported to the Sloka WWTP.

The plant has conventional primary treatment (Figure 17) without
primary sedimentation, activated sludge process for enhanced
biological phosphorus and nitrogen removal, and sludge treatment
by mechanical thickening and dewatering.

Influent wastewater flow varied from 5 300 m3d to 13 500 m?¥d.
The yearly average was 7 450 m%d.

The main input consists of wastewater from communal use, while
industrial use accounts for less than 10% of the input water, which
consists of wastewater from medical and food services.

Figure 16. Location of Jirmala, Latvia
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Figure 17. Technological scheme of Jurmala WWTP

To evaluate the efficiency of reclaimed water use, 1 m? grass plots within the wastewater treatment plant
(WWTP) area were established. During the summer season (April to September), the plots were watered
using three different sources: untreated wastewater, chlorine-treated wastewater, and clean drinking water
(Figure 18). The grass was cut twice a month, and after being air-dried to a constant weight, its biomass was
recorded. Height gain was calculated by subtracting the initial height (7 cm) from the height before cutting.
After drying the grass, its dry weight was determined.

Figure 18. Experimental plots with grass
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4.2.5 Ugale

Ugale village WWTP is one of the 16 wastewater
treatment plants VNK serviss operates in Venstpils

region, Latvia. Ugale WWTP is located 39 km from
Ventspils, the centre of the region, and 150 km from Riga,
capital of of Latvia (Figure 19).

The WWTP in Ugale village serves 1138 inhabitants
connected to the centralised sewerage system. The WWTP
in Ugale also accepts the contents of individual wastewater
systems from 299 residents who are not connected to the
centralised sewerage system. According to the latest data,
the calculated PE of the Ugale WWTP is 1035.

The WWTP of Ugale village accepts basically a mixture of domestic and precipitation water per year with an
average ratio of 30:70. There are no industrial polluters in Ugale village. The hydraulic design capacity is 300
m3/day. Wastewater volumes vary from season to season and peak at 940 m%day in raining period of year
2024. In 2024, the Ugale WWTP treated 317 m3 of wastewater on average per day, which represents 9056
m3 of wastewater per month. In 2024, the Ugale WWTP treated 99 623 m3 of wastewater.

Latvija

Figure 19. Location of Ugale, Latvia

The WWTP has conventional mechanical treatment without primary sedimentation and activated sludge
process for enhanced biological nitrogen removal and partial phosphorus removal (Figure 20). Sludge
treatment is carried out in sludge drying beds by natural evaporation.
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Figure 20. Wastewater Treatment Plant technology

For pilot studies in Ugale WWTP was used treated
wastewater which was filled into plastic container,
where was added disinfectant to prepare reclaimed
water for watering plants in greenhouse. As
disinfection method were chosen peracetic o pserECTON cremoUSE o
acid because it is not only organic acid, but also s et Aty HATEGRONIS
very quickly biodegrades not leaving remains in
water which could affect plant developments. % O e |
Unfortunately peracetic acid for disinfection = ' 1L S, usace
purposes in the market is combined with hydrogen ¢ 1
peroxide which allows oxidising more compounds

+

in the water, but is more stable than peracetic acid. +
Without longer storage period water with presence { [Resippigliiteogl i
of hydrogen peroxide can negatively affect plants. — e
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permanganate to help degrade hydrogen peroxide
remains. Since for disinfection was used dose
100 ppm it destroyed all pathogens in the water,
but reduced water pH value till 5.6. After adding @
potassium permanganate pH value again reached

optimal level and most of the suspended particles
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Figure 21. Activities carried out during the pilot
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and other matter precipitated in sediments in the bottom of plastic container.
Noteworthy findings from Ugale:
1) to reach A class quality reclaimed water can be used smaller doses of disinfectant;

2) Higher doses of applied materials for some time period increases BOD5 of water (storage with good
ventilation is necessary before watering plants);

3) Higher doses of disinfectant and therefore also amount of applied potassium permanganate in water
increased concentration of potassium and manganese. Therefore finding optimal dosage for defined
purpose of reclaimed water can limit mentioned issues or can get rid of them completely.

In summary, applications of reclaimed water demonstrated positive impact of maize development and
indicating nutrient recovery from wastewater. But series of plants where was used reclaimed water with
NPK additives showed signs of oversaturation of nutrients, and important role for such outcome was
increased potassium concentration. For maize are applied various optimal N:P:K ratios which depend on
soil parameters, plant development stage and other aspects, and among these ratios as recommended
appear 1:1:1.7 and 1:1.6:3.3, but our reclaimed water reached 3:1:34. Optimised water disinfection dosage
will improve this ratio and using Renutriwater developed Water reuse calculator can precisely estimate
amount of nutrient concentrations which should be used.

4.2.6 Samsg

Samsg Wastewater Treatment Plant is located on Samsg
@ island in Denmark (Figure 22). Samsg is a small island in

the middle of Denmark with 3,700 inhabitants. However,
the number of residents increases drastically in the summer
months as tourism is huge on the island. The estimated number of
yearly visitors to Samsg exceeds 300,000 people. The wastewater ¢
utility, therefore, treats a seasonally variable amount of domestic | : Nordby <
wastewater. 2

The reclaimed water used for the Samsg pilot came from the WWTP
of Samsg Spildevand A/S that is located at the southern part of the
island. This WWTP has a capacity of 8,600 PE, treating 427,000 m?
per year, with an average daily wastewater flow of 1170 m3 and a
maximum of 1645 m¥day. The sources of the wastewater are 65%
domestic wastewater and 35% surface runoff, with no industrial - -
wastewater. Figure 22. Location of Samsg@, Denmark

The WWTP technology includes various processes such as bar screens, sand, grit and fat removal, biological
and chemical treatment and settling. Organic matter, nitrogen, and phosphorus are hereby removed from
the wastewater enabling the water to be returned to the natural cycle. Figure 23 presents the technology
diagram.
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Figure 23. Wastewater Treatment Plant technology
O The reclaimed water used in this pilot was furthermore disinfected with chlorine-free disinfection
tabs before being used for irrigation of the maize plants in the two greenhouses located on site at

lﬁt the WWTP. In Pilot 3, we selected the soil, prepared the pots, and planted the corn. We cared for
4 the plants throughout the growing season and conducted research.
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5 Research results

5.1 Reclaimed water characteristics

This chapter presents the key results from the pilots. In Table 4, we collected results of the reclaimed water
quality. As part of the quality control, we have established additional assumptions for class A resulting from
Regulation 2020/741. This regulation imposes parametric values for E. coli, BODs, TSS, and Turbidity. We
have added requirements resulting from the (current 91/271/EEC) urban wastewater treatment directive
and the new directive, applicable from 2027 (2024/3019), the drinking water directive (2020/2184), and
the FAO guidelines. It should be emphasized that the requirements we have set are not equivalent to the
requirements for individual WWTPs. That is, the quality of reclaimed water may exceed the requirements

we have set for water, but it meets the water permits issued to individual treatment plants.

Table 4. Average reclaimed water quality test results

Finland

Finland

Poland

Poland

Latvia

Latvia

Denmark

Characteristics of treated wastewater E EIE f— — — — = =

Kuopio Tahko Warsaw | Wotkowyja | Ugale | Jirmala | Samsg
Parameters: ReNutriWater Pilot Pilot 1,2 Pilot 1 Pilot 2,3 Pilot 2 Pilot 3 Pilot 3

requirement for 1,2,3
Class A water:

Population equivalent [P.E.] 90,000 3,800 | 580000 6,133 1,035 35,400 8,624
Physicochemical quality of treated wastewater
coD 125 [mg/1] (2) 9.66 0.50 12 16.00 48.00 11.30 22.30
BOD:s 10 [mg/1] (1) 0.00 0.00 2,5 0.25 39.5 4.60 0.50
Total Susp. Solids (TSS) 10 [mg/1] (1) 0.40 0.70 <2 <2.00 <1 2.00 2.00
Total Nitrogen (TN) 10 [mg/1] (3) 4.43 2.20 7 3.50 7.1 1.78 3.50
Total Phosphorus (TP) 0.7 [mg/1] (3) 0.07 0.06 0.5 0.70 2.44 3.22 0.74
Total Org. Carbon (TOC) | 37 [mg/1] (3) 5.77 4.04 10 4.00 4.7 n/a 33.00
Turbidity 5[NTU] (1) 0.28 0.76 <1 - 0.87 0.60 0.45
pH 8.4 [pH] (4) 6.80 6.55 7 6.50 7.34 7.11 6.96
Electrical Cond. (EC) 3.000 [mS/cm] (4) | 0.592 0.466 1.3 n/a 1.115 0.356 0.110
E. coli 10 [cfu/100ml] (1) 0 0 0 0 0 1,200 190
Legionella spp. 1,000 [cfu/1] (1) 0 0 n/a 0 0 0 10
Helminth eggs 1 [eggs/I] (1) 0 0 n/a n/a 0 0 n/a
Ammonia (N-NHa) 5 [mg/1] (4) 0.15 0 0.5 3.0 0.015 0.01 0.18
Nitrites (NOz7) 0.5 [mg/1] (5) 0.10 0.10 0.16 0.43 0.002 0 0.01
Nitrates (NOs”) 10 [mg/1] (4) 3.61 0.60 5.3 - 6.22 4.49 0.44
Phosphates (PO4*") 2 [mg/1] (4) 0.57 0.10 0.4 0.70 2.39 - 0.18
Potassium (K*) 2 [mg/I] (4) 9.10 10.75 27 21.60 82.9 15.70 21.00

Copper (Cu) 0.2 [mg/1] (4) 0.03 0.01 n/a 0.022 0.0197 0.002 0

Zinc (Zn) 2 [mg/1] (4) 0.01 0.02 n/a 0.025 0.057 | 0010 | 0.003
Nickel (Ni) 0.2 [mg/1] (4) 0.01 0.01 n/a 0.005 0.0023 | 0.001 | 0.003
Cadmium (Cd) 0.01 [mg/1] (4) 0.01 0.01 n/a 0.003 0.0012 | 0.0001 0.05
Chromium (Cr) 0.1 [mg/I] (4) 0.01 0.01 n/a 0.002 0.0044 | 0.0010 | 0.02
Mercury (Hg) 0.0005 [mg/1] (5) 0.03 0.03 n/a 0.0005 0.00002 | 0.00002 0

Lead (Pb) 5 [mg/I] (4) 0.01 0.01 n/a 0.005 0.013 | 0.001 0.14

Reference no.: (1) — according to 2020/741, (2) — according to 91/271/EEC, (3) — according to 2024/3019, (4) — according to

FAO, (5) — according to 2020/2184.

Regarding the Warsaw wastewater treatment plant, several solutions were tested (ion exchange, fabric
filter, active carbon, ozonation, etc.), so a comparison is not possible. The table 4. includes the results
after ion exchange and disinfection with ozone. Because this WWTP has a capacity above 150,000 PE,
the requirements for total nitrogen and total phosphorus are more stringent. Nutrient removal applies to
tertiary treatment.

5.2 Disinfection efficiency of reclaimed water

5.2.1 Pretreatment methods prior to disinfection methods

Effective water reuse depends on the proper preparation of wastewater before disinfection. Pre-
treatment methods play a crucial role in improving the efficiency of disinfection processes by removing
contaminants that can interfere with pathogen inactivation. Preliminary treatment is also crucial for the
removal of disinfection by-product precursors from wastewater subjected to reclamation. Among the
most common disinfection by-products are trihalomethanes (THMs), including chloroform, bromoform,
bromodichloromethane, and chlorodibromomethane, as well as haloacetic acids (HAAs) (Wang P. et al.,
2021). The presence of these compounds is highly undesirable due to their adverse effects on human health
and potential carcinogenicity. Therefore, the implementation of pre-treatment methods aimed at reducing
the natural organic matter content — a known precursor to the formation of these harmful disinfection by-
products — can be beneficial (Evlampidou, I. et al., 2020; Kumari, M. et al., 2022). These processes target
suspended particles, organic matter, and other soluble compounds that may compromise water quality and
hinder subsequent disinfection efficacy.

The effectiveness of disinfection is influenced by several water quality parameters, including turbidity and
UV absorbance. Suspended particles in wastewater can shield microorganisms from disinfectants and serve
as a growth medium for bacteria. To maximize disinfection success, turbidity levels should be kept below 1
NTU (Léziart et al., 2019). Implementing appropriate pretreatment methods ensures that these conditions
are met, thereby enhancing the reliability of water reuse systems.

A range of physical and chemical pretreatment methods can be applied depending on the characteristics of
the wastewater being treated. Common methods include:

e Coagulation: Used to aggregate fine particles and allow their removal through sedimentation and
filtration. Coagulants such as aluminum sulfate or pre-hydrolyzed aluminum compounds are commonly
applied, with dosages varying based on initial wastewater quality.

e Filtration: Various filtration techniques, such as sand filtration, remove suspended solids and reduce
turbidity. Filtration rates typically range from 3 to 15 m/h.

e Activated Carbon Adsorption: This method is effective for removing organic contaminants, ensuring
lower UV absorbance in the treated wastewater. It is usually preceded by sand filtration to optimize
performance.

e Other Methods: Additional processes such as fabric filters and ion exchange can also be employed
depending on specific treatment needs.

Thechoice of pretreatmentmethod andits operational parametersshould be tailored totheinitial wastewater
guality and the desired treatment outcomes. A case-by-case evaluation, supported by experimental testing,
is recommended to determine the most effective approach. By implementing appropriate pretreatment
strategies, the efficiency and reliability of disinfection processes can be significantly improved, ultimately
ensuring the safety and sustainability of reclaimed water use.
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88% Discussion of results

Coagulation, sand filtration, and activated carbon adsorption

The study assessed the effectiveness of various pretreatment methods for wastewater reclamation,
including coagulation, sand filtration, and activated carbon adsorption. The experiments were conducted
under controlled lab-scale conditions using daily wastewater samples collected from the Wastewater
Treatment Plant in Warsaw, Poland. The objective was to evaluate the efficiency of these methods in
removing contaminants that could interfere with subsequent disinfection processes. Key wastewater
quality indicators analyzed included color, turbidity, chemical oxygen demand (COD), and total organic
carbon (TOC).

The tested coagulation methods included surface and volumetric coagulation, both using aluminum sulfate
andinorganic polymers PAX-XL 19F and PAX-XL 1911. In volumetric coagulation, the same doses of alum, PAX-
XL 19F, and PAX-XL 1911 were applied (1.0, 2.0, 4.0, and 8.0 mg Al/I). In surface coagulation, the coagulant
doses of alum, PAX-XL 19F, and PAX-XL 1911 were 0.25, 0.5, 1.0, and 2.0 mg Al/I, with a filtration rate of 3
m/h. Sand filtration was performed at different filtration rates (3, 5, 10, and 15 m/h), while activated carbon
adsorption was tested at 5, 10, and 15 m/h, corresponding to approximate contact times of 13, 7, and 4
minutes. The key results are summarized in Tables 4 and 5, providing insights into the efficiency of each
method in reducing contaminants and improving overall water quality.

Coagulation

Both surface and volumetric coagulation demonstrated strong efficiency in removing contaminants. Surface
coagulation with aluminum sulfate achieved color reductions of 28-49%, while PAX-XL 19F showed a similar
range of 26-30%. Turbidity removal was also comparable, with PAX-XL 19F reducing turbidity by 64-75% and
aluminum sulfate by 69-76%. COD reduction was slightly higher for aluminum sulfate (26-30%) compared
to PAX-XL 19F (19-35%), while TOC reductions were consistent across both coagulants, ranging from 16-
20% for aluminum sulfate and 18-23% for PAX-XL 19F (Table 5).

Table 5. Characteristics of reclaimed water and treatment efficiency (n) in surface coagulation tests (average
+ standard deviation)

Indicators Dose of Al>(SOa)? Dose of PAX-XL 19F Dose of PAX-XL 1911
[mg Al/I] [mg Al/I] [mg Al/I]
0.25 0.5 1 0.25 0.5 1 0.25 0.5 1

Color |[mg Pt/l]

n [%]

NTU

n [%]

[mg 02/1]

n [%]

[mg/I]

n [%]

[cm-1]

n [%]

In volumetric coagulation tests, aluminum sulfate reduced color by 22-47%, while PAX-XL 19F achieved
reductions of 15-44%. PAX-XL 19F also demonstrated the highest turbidity removal (76-82%), with aluminum
sulfate slightly lower at 66-75%. COD reduction was observed at 18-33% for PAX-XL 19F and 12-34% for
aluminum sulfate, while TOC removal ranged from 15-25% for aluminum sulfate and 13-22% for PAX-XL 19F
(Table 6).
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Table 6. Characteristics of reclaimed water and treatment efficiency (n) in volumetric coagulation tests
(average + standard deviation)

Indicators Dose of Alz(SOa)? Dose of PAX-XL 19F Dose of PAX-XL 1911
[mg Al/1] [mg Al/I] [mg Al/1]
2 4 2 4 2 4

Color |[mg Pt/l]

n [%]

NTU

n [%]

[mg 02/1]

n [%]

[mg/l]

n [%]

[cm-1]

n [%]

A significant finding was that surface coagulation achieved comparable treatment efficiency to volumetric
coagulation but at lower coagulant doses, making it a more cost-effective option. Additionally, both
coagulation methods successfully reduced turbidity below the recommended 1 NTU threshold, ensuring
better conditions for effective disinfection.

Sand Filtration

Among the tested methods, sand filtration had the lowest overall contaminant removal efficiency and did
not meet the recommended turbidity threshold of 1 NTU, making it an ineffective standalone pretreatment
method. At lowest filtration rates the process reduced color by only 20%, turbidity by 40%, COD by 8%, and
TOC by 20% (Table 7.).

Given these limitations, sand filtration alone is not a viable standalone pretreatment option, especially when
dealing with wastewater requiring substantial organic matter reduction before disinfection. Its role may be
limited to a supplementary step following coagulation or as part of a multi-stage treatment approach, but
it should not be relied upon as a primary pretreatment method.

Activated Carbon Adsorption

Among all tested pretreatment methods, activated carbon adsorption was the most effective. At lowest
filtration rates the process achieved 90% removal of color, 88% removal of COD, a 55% reduction in turbidity,
and 87% TOC removal (Table 7). However, this method is relatively expensive.

While coagulation was effective in reducing turbidity below the recommended threshold and provided
significant removals of organic pollutants, activated carbon adsorption demonstrated the best purification
results, making it the preferred choice for pretreatment when high reclaimed water quality standards are
required. Furthermore, activated carbon adsorption consistently reduced turbidity below the recommended
1 NTU threshold, reinforcing its effectiveness in improving water quality for subsequent disinfection.
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Table 7. Reclaimed water characteristics and treatment efficiency (n) in the sand filtration and activated
carbon adsorption tests (average + standard deviation)

Indicators Sand Filtration Rates [m/h] Activated Carbon Filtration Rates [m/h]

3 5 10 15 5 10 15
Color [mg Pt/1] 42.5+ 42.5+ 47.5+ 50+ 5.0+ 5.0+ 5.0+
7.5 7.5 7.5 5.0 0.0 0.0 0.0

n [%] 19.44+ 19.44+ 9.72+ 4.17+ 90.28+ 90.28+ 90.28+
2.78 2.78 1.39 4.17 1.39 1.39 1.39

Turbidity NTU 0.99+ 1.13+ 1.24+ 1.42+ 0.73% 0.81+ 0.79+
0.04 0.14 0.19 0.21 0.02 0.09 0.06

n [%] 40.18+ 33.03+ 26.57+ 16.18% 55.83+ 49.28+ 51.26%

10.55 5.62 4.35 5.07 8.42 15.94 13.48

[mg 02/1] 17.8+ 18.55+ 18.65+ 19.15+ 2.19+ 3.52+ 4.08+
0.0 0.55 0.55 0.95 1.09 2.17 2.53

n [%] 8.05+ 4.31+ 3.79+ 1.30+ 88.43+ 81.32+ 78.34+

4.27 1.6 1.63 0.32 6.16 12.03 14.02

[mg/1] 6.78% 6.78% 6.81% 6.92% 1.08+ 1.23+ 1.52+
0.0 0.0 0.0 0.0 0.29 0.33 0.37

n [%] 20.31+ 17.87+ 17.74+ 16.51+ 87.09+ 85.23+ 81.75+
1.98 1.26 1.46 1.65 3.88 4.47 5.02

[em-1] 0.23+ 0.23+ 0.23+ 0.23+ 0.07+ 0.07+ 0.07+

0.003 0.004 0.004 0.003 0.007 0.009 0.009

n [%] 3.14+ 4.00+ 4.00+ 4.20+ 69.88+ 69.69+ 69.06+
0.99 0.55 0.55 0.76 2.11 3.16 3.36

:@: Key Takeaways

¢ The findings indicate that surface coagulation was as effective as volumetric coagulation but required
lower coagulant dosages, making it a more efficient option.

¢ Sand filtration showed the weakest performance, with low removal rates across all tested water quality
indicators, confirming that it is best suited as a supplementary rather than a primary treatment method.

¢ Activated carbon adsorption emerged as the most effective process, achieving the highest reductions in
color, COD, turbidity, and TOC, demonstrating its superior ability to remove organic contaminants and
improve water quality before disinfection. However, from an economic perspective, it is also the most
expensive method among those analyzed.

e All tested pretreatment methods except for sand filtration were able to reduce turbidity below the
recommended 1 NTU threshold, ensuring improved conditions for effective pathogen inactivation.

These results emphasize the importance of selecting pretreatment methods based on wastewater
characteristics and treatment goals, with activated carbon adsorption being the most effective standalone
method, while coagulation offers a cost-efficient alternative with moderate contaminant removal efficiency.

5.2.2 Comparison of the efficiency of different disinfection methods

Disinfection is a vital step in the treatment of municipal wastewater, especially when the reclaimed water is
intended for reuse in irrigation. Its main purpose is to safeguard public health and protect the environment
by eliminating or deactivating harmful microorganisms. These include bacteria, viruses, protozoa, and
parasitic worms that may be present due to fecal contamination or other sources. Effective disinfection
reduces the risk of disease transmission and ensures that the reclaimed water meets quality standards for
safe use.
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A wide variety of disinfection methods are available, each using different mechanisms to achieve microbial
inactivation. Common methods include:

e Chlorination: Chlorination remains one of the most commonly used chemical disinfection methods
in municipal wastewater treatment due to its simplicity, affordability, and widespread availability.
It is typically applied in the form of sodium hypochlorite, which offers ease of use and long-lasting
disinfection (Collivignarelli et al., 2017). It acts by generating free chlorine species that oxidize microbial
cells, disrupting membranes, enzymes, and DNA, and ultimately inactivating pathogens (de Oliveira
Freitas et al., 2021). However, chlorination also produces disinfection by-products (DBPs) when chlorine
reacts with organic substances in wastewater. These include trihalomethanes (THMs), haloacetic acids
(HAAs), haloacetonitriles (HANs), and haloketones (HKs), which have been linked to potential health
risks such as mutagenicity and carcinogenicity (Quartaroli et al., 2018; Yang et al., 2020). As a result,
chlorination must be carefully managed in reuse settings to balance microbial safety with chemical risk.
Typical chlorine doses in wastewater disinfection range from 5 to 20 mg/L (EPA’s Wastewater Technology
Fact Sheet Chlorine Disinfection, 1999).

e UV radiation: Ultraviolet (UV) radiation is a physical disinfection method increasingly used in
wastewater treatment for its effectiveness and environmental safety. It works by damaging the DNA of
microorganisms through UV light exposure, preventing them from reproducing. UV radiation effectively
targets bacteria, viruses, protozoa, and helminths, particularly through the UV-C range (200-280 nm),
with peak efficacy at 253.7 nm (Gonzalez et al., 2023). A key advantage of UV treatment is its chemical-
free operation, avoiding harmful by-products and preserving water quality. The process is fast and
does not alter the taste or composition of the treated water. However, its performance is sensitive to
water clarity, as suspended solids can block UV light and reduce efficiency. UV treatment also lacks
residual disinfection, offering no ongoing microbial control once water leaves the treatment system.
Recommended UV doses range from 50 to 200 mJ/cm?, depending on influent quality and disinfection
goals (Linden et al., 2002; EPA’s Wastewater Technology Fact Sheet Ultraviolet Disinfection, 1999).

e Ozonation: Ozonation uses ozone gas (0s), a powerful oxidant, to inactivate microorganisms in
wastewater. Ozone reacts with microbial cells, damaging membranes and internal structures, and also
helps purify water by breaking down complex organic pollutants into simpler, less harmful compounds.
This makes ozonation valuable for both disinfection and overall water quality improvement. It is highly
effective against a wide range of pathogens and does not leave chemical residues, as ozone naturally
decomposes into oxygen. However, ozonation requires on-site ozone generation and precise control of
treatment conditions, making it more complex and costly than other methods. Its efficiency depends
heavily on the initial wastewater quality and process parameters. Recommended operational ranges
include 3-20 mg/L ozone dose and 20-40 minutes hydraulic retention time (Lazarova et al., 2013;
Levine et al., 2000; Hogard et al., 2021; Barry et al., 2014).

The selection of a disinfection method and its operational parameters should be guided by the specific
characteristics of wastewater and the intended treatment objectives. A case-by-case assessment, supported
by experimental testing, is recommended to identify the most effective approach. Implementing well-
suited microbial inactivation strategies can greatly enhance the efficiency and reliability of the reclamation
process, ultimately ensuring the safe and sustainable use of reclaimed water.

£D)

828 Discussion of results

Chlorination, ozonation, and UV radiation

The study evaluated the effectiveness of several disinfection methods for wastewater reclamation, including
chlorination, ozonation, and ultraviolet (UV) radiation.

Disinfection experiments were conducted in two series: (i) using effluent from the "Potudnie" WWTP pre-
treated via ion exchange (IEX), and (ii) using effluent from the "Czajka" WWTP pre-treated via sand filtration
(SF). Both WWTPs were located in Warsaw, Poland. The objective of the experiments was to assess the
disinfection efficiency of these methods based on the following microbial quality indicators: total coliform
bacteria, Escherichia coli, fecal enterococci, Clostridium perfringens, the number of microorganisms at 22°C
after 72 hours, and the number of microorganisms at 36°C after 48 hours. In addition to microbial parameters,
selected physico-chemical indicators were also analyzed, including temperature, pH, conductivity, color,
turbidity, chemical oxygen demand (COD), and 5-day biochemical oxygen demand (BOD:s).
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The chemical disinfection methods tested included chlorination with sodium hypochlorite and ozonation
with ozone gas. In series (i), chlorination was performed using chlorine doses of 0.5, 2.0, and 4.0 mg Cl,/I,
with contact times of 5, 15, and 20 minutes. In series (ii), the applied chlorine doses were 0.5, 1.0, 2.0, and
4.0 mg Cl/1, with contact times of 10 and 20 minutes. For ozonation, ozone doses were adjusted by varying
both the ozone concentration (100% in series (i); 20%, 40%, 60%, and 100% in series (ii)) and the flow rates
(3 1/min and 8 I/min in both series). In series (ii), this resulted in applied ozone doses of 16.67, 33.33, 50.00,
and 83.33 mg Os/l at 3 1/min, and 5.00, 50.00, 75.00, and 125.00 mg Os/I at 8 I/min. In series (i), the applied
ozone doses were 83.33 mg O3/l at 3 I/min and 125.00 mg Os/I at 8 I/min. UV disinfection was conducted
in series (ii) using three different doses: 279, 312, and 484 mJ/cm?.

Chlorination

A comparison of series (i) and series (ii) highlights notable differences in disinfection efficiency, likely
influenced by the pre-treatment method. In series (i), where effluent was pre-treated via ion exchange,
chlorination achieved complete inactivation of key microbial indicators (E. coli, fecal enterococci, and
total coliforms) at 4.0 mg Cly/I within 15-30 minutes. In contrast, in series (ii), which used sand filtration
as pre-treatment, E. coli and coliforms remained detectable across all tested chlorine doses and contact
times — even at 4.0 mg Cl,/I for 20 minutes, E. coli was only partially reduced. Moreover, while Clostridium
perfringens was consistently absent in both series, the total microorganism counts at 22°C and 36°C were
significantly higher in series (ii) and less responsive to chlorination. These findings suggest that ion exchange
pre-treatment (series i) may enhance the efficacy of subsequent chemical disinfection compared to sand
filtration (series ii), particularly in reducing resistant microbial populations and achieving full compliance
with microbiological standards.

It is also important to note that the initial quality of the WWTP effluent prior to pre-treatment likely
contributed to the observed differences. Effluent from the "Potudnie" WWTP (series i) exhibited lower
microbial loads at baseline — e.g., Clostridium perfringens was already undetectable, and total microbial
counts were below 300 CFU/ml — whereas the "Czajka" WWTP effluent (series ii) showed substantially
higher initial counts, including >2400 CFU/ml at 36°C. These disparities in influent quality, in combination
with the different pre-treatment methods, should be considered when evaluating disinfection outcomes.

Tables 8. and 9. present the results of microbial inactivation achieved through chlorination.

Table 8. Series (i) — microbial inactivation achieved through chlorination

Microbial "Potudnie" Contact Time: 5 min Contact Time: 15 min Contact Time: 30 min
Water Quality WWTP

05mg 20mg 40mg 05mg 2,0mg 40mg 0,5mg 2,0mg 4,0mg

Indicator Effluent (IEX e/t " e/l || €/t || cl/l | Ck/l | Ck/l | Cl/l  Cl/l = Cl/I
Pre-Treated)

Legionella CFU/100 ml not tested
Total Coliform | CFU/100 ml >80 >80 65 25 >80 33 0 >80 0 0
Bacteria
Escherichia coli | CFU/100 ml >80 >80 0 0 >80 0 0 >80 0 0
Count

Fecal CFU/100 ml >80 >80 >80 0 >80 >80 0 >80 0 0
Enterococci
Count

Clostridium CFU/100 ml 0 0 0 0 0 0 0 0 0 0

not tested not tested

Perfringens
Count

Total CFU/1 ml >300 >300 221 38 >300 179 18 >300 20 14
Microorganisms
at22°c/72h

Total CFU/1 ml >300 >300 | >300 28 >300 | >300 23 52 12 16
Microorganisms
at36°C/48h
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Table 9. Series (ii) — microbial inactivation achieved through chlorination

Microbial "Czajka" WWTP Contact Time: 10 min
Water Quality Unit Effluent (SF Pre-

Contact Time: 20 min
. 05mg 1,0mg 20mg 40mg 05mg 1,0mg 2,0mg 4,0mg
Indicator Treated) C/l  Clfl  Clfl  Clfl  C/l  Cl/l  Cl/l  Cl/fI
Legionella CFU/100 ml not tested
Total Coliform CFU/100 ml >80 >80 >80 >80 >80 >80 >80 >80 >80
Bacteria

Escherichia coli CFU/100 ml >80 >80 >80 >80 >80 >80 >80 >80 16
Count

Fecal CFU/100 ml >80 >80 >80 >80 >80 >80 >80 >80 >80
Enterococci
Count

Clostridium CFU/100 ml 0 0 0 0 0 0 0 0 0

not tested not tested

perfringens
Count

Total CFU/1 ml 1370 1640 390 820 1070 830 710 1450 31
Microorganisms
at22°C/72h

Total CFU/1 ml 2430 2080 | 10600 | 1470 | 2020 | 12000 | 1220 | 1960 132
Microorganisms
at36°C/48 h

In terms of physico-chemical water quality, distinct differences were observed between series (i) and series
(i), which reflect not only the impact of disinfection but also differences in the initial effluent quality and
pre-treatment method. Effluent in series (i) (IEX pre-treated) exhibited notably lower color, turbidity, and
COD values across all chlorine doses and contact times, indicating better baseline quality and more effective
removal of organic matter. In contrast, the effluent in series (ii) (SF pre-treated) showed significantly higher
color (up to 93 mg Pt/I) and COD concentrations (up to 34.3 mg/l without sodium thiosulfate), with only
moderate reductions following chlorination. Conductivity values were also consistently higher in series (i),
likely due to ion exchange effects. Residual chlorine levels were generally higher in series (i), suggesting
greater chlorine stability, which may have contributed to the improved microbial inactivation observed.
These differences underscore the combined influence of pre-treatment and baseline effluent characteristics
on disinfection performance and overall water quality. Tables 10 and 11 present the results of physico-
chemical analysis conducted in the samples from series (i) and (ii).

Table 10. Series (i) — physico-chemical analysis results

Physico- "Potudnie" Contact Time: 5 min Contact Time: 15 min Contact Time: 30 min

Chemical Unit ~ WWTPEffluent g5 ms '2.0mg 4.0mg 05mg [20mg 4.0mg 0.5mg 2.0mg 4.0mg

Water Quality (IEX Pre- Cl/l  Cl/l  cl/l  Ccl/l  Ch/l Ck/l Ccl/l  Ck/l  Clk/l
Indicator Treated)

Temperature
pH
Conductivity

Color
Turbidity
coD
Total Chlorine

Residual
Chlorine
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Table 11. Series (ii) — physico-chemical analysis results

Contact Time: 20 min

Physico-Chemical "Czajka" WWTP Contact Time: 10 min

Water_QuaIity Effluent (SFPre- g5mg 10mg 20mg 40mg 05mg 1.0mg 2.0mg 4.0mg
Indicator Treated) Cl/l  Cckfl  Ccl/l  Ch/l  Cl/l Cl/t  Ck/l  ClfI

Temperature 15.8 15.6 16.3
pH 7,48 7.55 7.69 7.77 7.79 7.55 7.61 7,51 7,68
Conductivity 382 381 387 403 401 391 383 400 412
Color 93 91 94 93 86 97 93 91 90
Turbidity 0.91 0.94 0.94 0.93 0.92 0.94 0.96 0,96 0,98
uv2s4 0.416 0.422 | 0.418 | 0.418 | 0.413 | 0.416 | 0.409 | 0,409 | 0,411

COD (no sodium 34.3 32.4 315 26.5 25.7 31 27.2 2.7 26.6
thiosulfate)

COD (with sodium - 40 31.9 31.5 31.3 28.3 32.8 25.2 31.2
thiosulfate)

Total Chlorine - 0.3 0.57 1.16 2.34 0.37 0.62 1.18 2.11
Residual Chlorine - 0.27 0.44 0.55 1.59 0.18 0.32 0,7 1.56
BODs 3.2 13.8 not tested 7.2 3.6 not tested 2.5

Ozonation

Ozonation results demonstrated substantial microbial inactivation in both series (i) and (ii), with dose-
dependent improvements observed across all indicators. In series (i) (IEX pre-treated effluent), full removal
of Escherichia coli, fecal enterococci, and total coliforms was achieved at 83.33 mg O3/l and 125.00 mg O3/I.
Additionally, Legionella and Clostridium perfringens were undetectable at baseline and remained so after
treatment. Total microorganism counts at 22°C and 36°C dropped significantly, from >300 CFU/ml to as low
as 10-12 CFU/ml. In series (ii) (SF pre-treated effluent), ozonation also effectively reduced microbial loads;
however, higher initial concentrations and greater variability were observed. While E. coli and coliforms
were fully inactivated at doses 250 mg O3s/I, fecal enterococci showed greater resistance, persisting at low
levels at multiple doses and flow rates. The total microorganism counts in series (ii) remained higher overall,
particularly at lower ozone doses, with reductions becoming more effective at 75-125 mg Os/I.

These findings again highlight the role of pre-treatment and initial effluent quality in disinfection outcomes.
The |IEX-treated effluent in series (i) exhibited superior baseline quality and responded more uniformly
to ozonation. In contrast, the SF-treated effluent in series (ii) required higher ozone doses to achieve
comparable reductions, particularly for more resistant microbial groups. Table 12 presents the results of
microbial inactivation achieved through ozonation.

Table 12. Series (i) and (ii) — results of microbial inactivation achieved through ozonation

Flow Flow Flow Rate: Flow Rate:
Microbial Water Unit "Potudnie" | Rate: Rate: | "Czajka" 3 I/min 8 1/min
Quality Indicator wwtp | 3l/min_ " 81/min | \wwrp
Effluent Dose: Dose: Effluent Dose: Dose: Dose: Dose: Dose: Dose: Dose: Dose:
(IEX Pre- 83.33 125.00 (SF Pre- 16.67 33.33 50.00 &83.33 25.00 50.00 75.00 125.00

Treated) | M8O03/l | mg0O3/l Treated) = M8 mg mg mg mg mg mg mg
03/l 03/l 03/ 03/l 03/l 03/l 03/ 03/l

Legionella CFU/100 0 0 nb not not tested not tested
mi tested

Total Coliform CFU/100 >80 23 0 >80 63 2 0 0 4 1 9 0
Bacteria ml

Escherichia coli CFU/100 >80 0 0 >80 7 0 0 0 0 0 0 0
Count ml

Fecal Enterococci CFU/100 >80 0 0 >80 13 >80 >80 0 0 0 0 0
Count ml

Clostridium CFU/100 0 0 0 0 0 0 0 0 0 0 0 0
perfringens Count

Total Microorganisms >300 21 10 1370 530 6 10 28 17 8 16 33
at22°C/72h

Total Microorganisms >300 27 12 2430 68 13 16 41 51 14 8 43
at36°C/48h

The physico-chemical water quality parameters following ozonation revealed clear differences between
series (i) and (ii), again reflecting both treatment effects and baseline effluent characteristics. In series (i),
IEX pre-treated effluent showed a dramatic increase in color and turbidity when measured without sodium
thiosulfate — likely due to reaction by-products — while samples with thiosulfate showed significantly lower
values, confirming the oxidative effect of residual ozone. For example, color increased from 19 to 432 mg
Pt/l without thiosulfate but dropped to 59 mg Pt/l when neutralized. Similar patterns were observed in
turbidity and conductivity. COD values increased notably post-treatment in untreated samples (from 14.4
to 114 mg/l), but remained much lower in neutralized samples, indicating that ozone by-products interfere
with COD readings unless quenched.

In contrast, series (i), which used SF pre-treated effluent, showed more consistent reductions across
parameters. Color decreased from 93 to as low as 8 mg Pt/l, and turbidity declined from 0.91 to 0.46 NTU
with increasing ozone doses. COD also decreased progressively, with the lowest value (8.25 mg/l) observed
at 83.33 mg O3/l (3 I/min). However, COD values in thiosulfate-treated samples sometimes increased at
higher ozone doses, likely due to formation of partially oxidized intermediates.

Overall, series (i) showed a more complex response to ozonation, with significant differences between
guenched and non-quenched measurements, whereas series (ii) exhibited clearer trends of pollutant
removal. These results emphasize the importance of proper sample handling when assessing oxidation
processes and suggest that sand filtration may produce more predictable outcomes in conjunction with
ozonation, albeit starting from a lower effluent quality baseline. Tables 13 and 14 present the results of
physico-chemical analysis conducted in the samples from series (i) and (ii).

Table 13. Series (i) — physico-chemical analysis results

Physico-Chemical Water "Potudnie" WWTP Flow Rate: Flow Rate:
Quality Indicator Unit Effluent (IEX Pre-Treated) 3 I/min 8 I/min

Dose: 83.33 mg O3/l Dose: 125.00 mg Os/I

Temperature
pH
(no sodium thiosulfate)
pH
(with sodium thiosulfate)

Conductivity
(no sodium thiosulfate)

Conductivity
(with sodium thiosulfate)

Color
(no sodium thiosulfate)

Color
(with sodium thiosulfate)

Turbidity
(no sodium thiosulfate)

Turbidity
(with sodium thiosulfate)

cob

Residual Ozone
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Table 14. Series (ii) — physico-chemical analysis results of wastewater after ozonation

Physico- "Czajka" Flow Rate: Flow Rate:
Chemical Unit WWTP 3 I/min 8 I/min

Wat?r Effluent ' pose: Dose: Dose: Dose: Dose: Dose: Dose:
QL{a"tV (SFPre-  1667mg 33.33mg 50.00mg 83.33mg 25.00mg 50.00mg 75.00 mg
Indicator Treated) 03/l 0s/l 03/l 03/l 03/l 03/l 03/l

Temperature

pH

Conductivity

(ofo][]§

Turbidity

UV2s4

COD (no
sodium
thiosulfate)

COD (with
sodium
thiosulfate)

Residual
Ozone

BODs . not tested . not tested

UV radiation

UV disinfection tests revealed distinct differences in microbial inactivation between series (i) and series (ii),
reflecting both the UV dose applied and the initial effluent quality. In series (i), where "Potudnie" WWTP
effluent was pre-treated via ion exchange, complete inactivation of all tested microbial indicators was
achieved using UV dose of 505 mJ/cm?, including E. coli, coliforms, and enterococci. Total microorganism
counts were reduced from >300 CFU/ml to 6 CFU/ml at 22°C and 0 CFU/ml at 36°C, indicating high
disinfection efficiency even without UV application.

In contrast, series (ii), using SF pre-treated effluent from the "Czajka" WWTP, showed partial microbial
reduction across tested UV doses. While Clostridium perfringens was absent in all cases, E. coli and coliforms
remained detectable at all doses, with E. coli counts ranging from 41 to 44 CFU/100 ml. Fecal enterococci
were not reduced and persisted throughout, suggesting resistance or shielding effects. Total microorganism
counts decreased progressively with higher UV doses but remained substantially higher than in series (i),
with 720 CFU/ml at 22°C and 179 CFU/ml at 36°C even at the lowest dose (279 mJ/cm?).

These results underscore the superior microbial quality and treatment responsiveness of IEX-treated
effluent in series (i), while also highlighting the limited but dose-dependent effectiveness of UV disinfection
in treating more heavily loaded SF-pre-treated effluent in series (ii). Table 15 presents the results of microbial
inactivation achieved through UV irradiation.
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Table 15. Series (i) and (ii) — results of microbial inactivation achieved through UV irradiation

Microbial Water "Potudnie" UV dose: "Czajka" WWTP UV Dose:
Quality Indicator Unit WWTP Effluent 505 mJ/cm? Effluent (SF Pre- 484 312 279

(IEX Pre-Treated) Treated) mJ/em>  mJ/cm?  ml/cm?

Legionella CFU/100 ml not tested not tested not tested

Total Coliform CFU/100 ml >80 0 >80 78 >80 51
Bacteria
Escherichia coli Count | CFU/100 ml >80 0 >80 41 >80 44
Fecal Enterococci CFU/100 ml >80 0 >80 >80 >80 >80
Count
Clostridium CFU/100 ml 0 0 0 0 0 0
perfringens Count
Total Microorganisms | CFU/1 ml >300 6 1370 430 208 720
at22°C/72h

Total Microorganisms | CFU/1 ml >300 0 2430 105 82 179
at36°C/48h

The physico-chemical data from the UV disinfection experiments further emphasize the contrast between
series (i) and series (ii). In series (i), where "Potudnie" WWTP effluent underwent ion exchange pre-
treatment, changes following UV dose of 505 mJ/cm? were minimal. Key parameters such as pH, turbidity,
and color remained relatively stable, and COD decreased slightly from 14.4 to 13.7 mg/|, indicating that
mixing alone had little impact on water quality but did not compromise effluent stability.

In series (ii), using SF pre-treated effluent from the "Czajka" WWTP, UV exposure led to more variable
results. pH and temperature remained stable across doses, while conductivity decreased slightly at the
highest UV dose (484 mJ/cm?), potentially reflecting some organic degradation. Turbidity improved notably
at the two lower doses, dropping from 0.91 NTU to 0.55 NTU at 279 mJ/cm?. UV2ss absorbance showed
a moderate decrease, indicating partial breakdown of organic compounds. However, COD values did not
decrease consistently; while a significant reduction was observed at 484 mJ/cm? (from 34.3 to 14.4 mg/l),
values at lower doses were higher (25.4-30 mg/l), suggesting incomplete oxidation. Interestingly, BODs
dropped to 0 mg/I at the highest dose and remained low at 2.8 mg/l at 279 mJ/cm?.

These results suggest that while UV disinfection can lead to partial improvements in water quality —
especially in terms of turbidity and UVasa absorbance — its effectiveness in reducing organic load may be
dose-dependent and limited without complementary treatment steps. Series (i) remained more stable
overall, while series (ii) showed greater variability and less predictable outcomes under UV exposure. Tables
16 and 17 present the results of physico-chemical analysis conducted in the samples from series (i) and (ii).

Table 16. Series (i) — physico-chemical analysis results

Physico-Chemical Water "Potudnie"” WWTP Effluent UV dose:
Quality Indicator (IEX Pre-Treated) 505 mJ/cm?

Temperature 18.4 18.4
pH 7.33 7.48
Conductivity 644 664
Color 19 23
Turbidity 0.8 0.94
cobD 14.4 13.7
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Table 17. Series (ii) — physico-chemical analysis results

Physico-Chemical "Czajka" WWTP UV Dose:
Water Quality Unit Effluent (SF Pre- 312
Indicator Treated) [mJ/cm]
Temperature °C 17.6
pH - 7.48 7.54 7.5 7.52
Conductivity 382 348 372 377
Color 93 100 99 97
Turbidity 0.91 1.23 0.66 0.55
UVa2ss 0.416 0.334 0.391 0.4
cobD 34.3 14.4 25.4 30
BODs 3.2 0 not tested 2.8

5.2.3 Disinfection as an element of the water reclamation system

The pilot experiments were carried out in two stages:

e Stage | — preliminary treatment — the tests were aimed at assessing the effectiveness of fabric filtration
(FF) and ion exchange (IER) processes as the third stage of wastewater treatment.

e Stage Il — disinfection — the tests were aimed at assessing the effectiveness of the ozone disinfection
process.

STAGE | — PRELIMINARY TREATMENT

In the first stage, the experiments were carried out on two independent installations supplied with the same
stream of wastewater treated after a mechanical-biological process with an increased degree of nutrient
removal. The quality of the wastewater discharged to the installation met the Polish requirements of the
Regulation of the Minister of Economy and Inland Navigation of July 12, 2019. (Journal of Laws 2019, item
1311) for wastewater treatment plants with a population equivalent of over 100,000. The effectiveness of
both technologies was assessed on the basis of the following indicators: turbidity, total suspended solids
(TSS), total organic carbon (TOC), chemical oxygen demand (COD), total phosphorus (TP) and total nitrogen
(TN) in samples before and after the process. The main requirement of the study was to achieve stable
operation of the plant and wastewater quality expressed by a turbidity index not exceeding 1.0 NTU.

Fabric Filtration

The first system analyzed was fabric filters, which, thanks to the use of special types of fabrics, combine
the features and advantages of both surface and volume filtration, which allows for a very high degree
of particulate matter removal. The wastewater was fed by gravity into a steel filter chamber with a drum
covered with filter fabric with an area of 2 m2. Suspended solids and particles were removed from the
wastewater during filtration through the fabric. The filtered wastewater flowed into the drum, from where
it was discharged through the outlet chamber and overflow weir into the retention tank. The filter cloth
was cleaned automatically at specific intervals, and the filtration process was not interrupted during the
cloth cleaning cycle. The system operated at a capacity of 5-8 m¥h.

The characteristics of wastewater before and after the fabric filtration process are presented in Table 18. In
addition, Figure 24 shows the turbidity values for wastewater before and after the fabric filtration process.

Table 18. Characterization of wastewater before and after the fabric filtration process

Date TSS [mg/1] TOC [mg/I] COD [mg02/I] TP [mg/I] TN [mg/1]
%R FF %R T™W FF %R T™W FF %R FF %R
23/24.09.24

25/26.09.24
26/27.09.24
29/30.09.24

30/01.10.24
01/02.10.24
02/03.10.24

03/04.10.24
06/07.10.24
07/08.10.24

13/14.10.24
14/15.10.24
15/16.10.24

16/17.10.24
17/18.10.24

Average

Description: TW - Treated wastewater; FF — fabric filtration; %R - reduction rate; TSS - total suspended solids; TOC - total organic
carbon; COD - chemical oxygen demand; TP — total phosphorus; TN — total nitrogen.
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Figure 24. Turbidity values before and after the fabric filtration process

The tests showed that the pilot plant is super effective at getting rid of pollutants from wastewater. Thanks
to the fabric filtration tech, the plant not only hit the pollution reduction targets, but also kept things
running smoothly and consistently. The quality parameters of wastewater after the third stage of filtration
remained at levels not exceeding the permissible values, even in the case of significant exceedances of the
parameters in treated wastewater discharged from the wastewater treatment plant, which also served
as the feed medium for the pilot plant (Table 18). This proves the system's ability to adapt to changing
operating conditions, including the acceptance of significant pollutant loads in the wastewater entering
the device. The effect achieved through the use of fabric filtration is crucial for maintaining the proper
operation of the entire treatment plant. The results obtained confirm the high efficiency of the system in
terms of turbidity removal, which in the analyzed case averaged 80% (Figure 24). The average value of this
indicator in treated wastewater was 5.20 NTU, while after filtration through a fabric filter it averaged 0.80
NTU. In the case of removing other contaminants, slightly lower efficiency was observed, amounting to
67.5%, 12.8%, 25.9%, 44.8%, and 34.5% for TSS, TOC, COD, TP, and TN, respectively.
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lon Exchange Resins

The second system analyzed was an installation that combines several types of technologies, such as
adsorption, mechanical filtration, and ion exchange filtration. Filtration takes place in seven columns,
divided into two parallel streams. Each of the columns is controlled by a microprocessor controller with a
display. Columns 1A and 1B filter out mechanical impurities. Columns 2A and 2B reduce organic impurities,
turbidity, color and odor. Columns 3A and 3B reduce phosphorus and nitrogen. Column 4 is designed to
further reduce turbidity through mechanical filtration. The columns are filled with different filter media:
gravel, activated carbon, ion exchange resins, zeolite bed. The system is powered by a 1kW pump. Three
reagents are dosed into the system and come into contact with the medium in the reaction tank. These
reagents are intended to precipitate some of the pollutants and to support the filtration process in the filter
columns. The system operated at a capacity of 1 m¥h.

The characteristics of wastewater before and after the ion exchange filtration process are presented in
Table 19. In addition, Figure 25 shows the turbidity values for wastewater before and after the ion exchange
filtration process.

Table 19. Characterization of wastewater before and after the ion exchange filtration process

Date TSS [mg/1] TOC [mg/I] COD [mg02/1] TP [mg/I] TN [mg/1]
IER %R T™W IER %R W IER %R IER %R IER

23/24.09.24

24/25.09.24

26/27.09.24

29/30.09.24

30/01.10.24

01/02.10.24

06/07.10.24

07/08.10.24

10/11.10.24

15/16.10.24

16/17.10.24

17/18.10.24

20/21.10.24

21/22.10.24

Average

Turbidity [NTU]
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Figure 25. Turbidity values before and after the ion exchange filtration process

The conducted research has shown that the use of ion exchange resins as a tertiary treatment method
for wastewater allows for a reduction in all analyzed indicators. The highest reduction, over 86%, was
recorded for turbidity. The average value of this indicator in the treated wastewater was 5.00 NTU, while
after filtration through the ion exchange resin system, it was 0.50 NTU on average (Figure 25.). In the case of
removing other contaminants, slightly lower efficiency was observed, amounting to 77.1%, 42.6%, 57.9%,
and 72% for TSS, TOC, COD, and TP, respectively (Table 19). The parameter that was reduced the least
effectively (only 38,5%) with this technology was TN, but this was most likely due to the fact that the values
of this indicator were relatively low in the treated wastewater even before the third stage of wastewater
treatment was applied (Table 19).

',@: Key Takeaways

e Both technologies met the obligatory turbidity parameter below 1 NTU, which is crucial for reducing
ozone doses and costs.

e The turbidity removal efficiency was very high, over 80%, for both tested technologies.

e |lon exchange resin technology was selected because it achieved higher reductions in suspended
solids (77%), phosphorus (72%), and organic compounds (57,9% for COD) compared to drum filters. In
addition, ion exchange resin technology required lower investment and operating costs.

STAGE Il — DISINFECTION

Ozonation was used as a disinfection method, utilizing the SPID 300 device. This device operates with
an efficiency of 20 m¥h and is capable of producing a maximum of 300 g of ozone per hour, which is the
highest dose that the ozone block can generate. This is a compatible, containerized station that allows for
continuous process operation.

As for the results, during operation, the flow rate of the installation varied, ranging from 2 m%h to 4.8 m¥h.
Ozone dose (g/h) was adjusted from 20 g/h to 70 g/h. The increase in dose was due to the results achieved
for microbiological parameters. Residual ozone in the wastewater ranges from 0.16 mg/l to 0.70 mg/I.
Contact time of ozone with sewage varied between 18 minutes and 38 minutes.

Table 20. Technical parameters of installation working

Ozone dose Residual Ozone dose Contact time
ozone ozone with
sewage

[m3/h] [g/h] [mg/I] [mg/I] [min]

2025-02-13
2025-02-18
2025-02-20
2025-03-04
2025-03-18
2025-03-20
2025-03-21
2025-03-25
2025-03-27
2025-04-01
2025-04-08
2025-04-10
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PHYSICOCHEMICAL DATA

Temperature

The inlet temperatures range from 14.6°C to 17.2°C, with an average of 16.0°C. The temperature values
for the Inlet treatment show a steady increase over time, with the highest temperature recorded on April
1st. The average temperature is 16.0°C, indicating a relatively stable temperature range. The lon exchange
temperatures range from 14.4°Cto 17.1°C, with an average of 15.6°C. The ion exchange treatment shows a
similar trend, with temperatures ranging from 14.4°C to 17.1°C. The average temperature is slightly lower
at 15.6°C, suggesting a more controlled temperature environment.

The temperatures after Ozone process range from 14.6°C to 17.7°C, with an average of 16.4°C. The Ozone
treatment consistently shows higher temperatures compared to the other treatments, with an average of
16.4°C. The highest temperature recorded is 17.7°C, indicating that the ozonation process may contribute
to higher temperature levels.

The temperature data indicates that the Ozone treatment generally maintains higher temperatures
compared to the Inlet and lon exchange treatments. The Inlet treatment shows a steady increase in
temperature over time, while the lon exchange treatment maintains a more controlled temperature range.
The Ozone treatment consistently shows the highest temperatures.

pH

The Inlet pH values range from 7.0 to 7.6. The pH values for the Inlet treatment show a stable range, with
the majority of values falling between 7.2 and 7.6. The average pH is 7.4, indicating a slightly alkaline
environment.

The lon exchange pH values range from 7.1 to 7.5. The lon exchange treatment shows a consistent pH
range, with values between 7.1 and 7.5. The average pH is 7.3.

Ozone pH values range from 7.3 to 7.8. The Ozone treatment consistently shows higher pH values compared
to the other treatments, with an average of 7.5. The pH values range from 7.3 to 7.8.

The pH data indicates that the Ozone treatment generally maintains slightly higher pH levels compared to
theinlet and lon exchange treatments. The Inlet treatment shows a stable pH range, while the lon exchange
treatment maintains a more neutral pH environment. The Ozone treatment consistently shows the highest
pH values, suggesting that the ozonation process may contribute to a more alkaline environment.

Chemical Oxygen Demand

The Inlet COD values range from 24.1 mg/l to 58.2 mg/l. The COD values for the Inlet treatment show
significant variation, with the highest value recorded on February 20th and the lowest on April 8th. The
average COD value is 35.5 mg/|, indicating a relatively high level of organic pollutants in the water.

The lon exchange COD values range from 13.1 mg/I to 30.5 mg/|, with an average of 21.1 mg/l. The lon
exchange treatment shows a more controlled range of COD values, with the highest value recorded on
February 18th and the lowest on March 20th. The average COD value is 21.1 mg/I, suggesting a more
effective reduction of organic pollutants compared to the Inlet treatment.

The Ozone COD values range from 11.4 mg/l to 29.2 mg/I, with an average of 18.6 mg/I. The ozone treatment
consistently shows lower COD values compared to the Inlet and ion exchange treatments, with the highest
value recorded on February 18th and the lowest on March 20th. The average COD value is 18.6 mg/I,
indicating the most effective reduction of organic pollutants among the three treatments.

The COD data indicates that the Inlet treatment generally has higher levels of organic pollutants compared
to the lon exchange and Ozone treatments. The Inlet treatment shows significant variation in COD values,
while the lon exchange treatment maintains a more stable and lower range of COD values. The analysis of the
COD data reveals that the Ozone treatment is the most effective in reducing the levels of organic pollutantsin
the water compared to the Inlet and lon exchange treatments. The Ozone treatment consistently maintains
lower COD values, indicating better water quality. Overall, all treatments are well within the limited value of
<125 mg/l, suggesting that the treatments are effective in maintaining acceptable COD levels.
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Table 21. Tempetarure, pH, and COD values variation

Temperature [°C] pH coD

[mg/1]
lon exchange Ozone Inlet lonexchange Ozone Inlet lon exchange Ozone
2025-02-13
2025-02-18
2025-02-20
2025-03-04
2025-03-18
2025-03-20
2025-03-25
2025-03-27
2025-04-01
2025-04-08
2025-04-10

Limited value < 125 mg/I

Total Organic Compound

The Inlet TOC values range from 9.7 mg/l to 25 mg/l. The TOC values for the INLET treatment show variation,
with the highest value recorded on February 20th and the lowest on April 8th. The average COD value is
13.7 mg/I, indicating a relatively high level of organic pollutants in the water.

The lon exchange TOC values range from 7.4 mg/| to 14 mg/|, with an average of 9.32 mg/I.

The mean value of Ozone is 9.38 mg/I, which is close to the mean value of lon exchange. The highest value
of Ozone is 14.0 mg/|, and the lowest is 6.4 mg/|, showing moderate variability in the data.

Biochemical Oxygen Demand

The mean BODs value for Inlet is 6.9 mg/Il, indicating a moderate level of organic matter that requires
oxygen for decomposition. The values range from 2.6 mg/l to 18.0 mg/l, showing significant variability.

The mean BODs value for lon exchange is 3.8 mg/|, which is lower than the mean value for Inlet. The values
range from 0.73 mg/l to 11.0 mg/|, indicating less variability compared to Inlet.

The mean BOD:s value for Ozone is 5.6 mg/I, which is higher than the mean value for lon exchange but lower
than Inlet. The values range from 1.5 mg/I to 12.0 mg/I, showing moderate variability.

The Inlet parameter shows higher BODs values on average compared to lon exchange and ozone, indicating
that the initial untreated water has higher levels of organic matter.

The lon exchange treatment effectively reduces the BODs levels, with lower mean values and less variability.
The Ozone treatment also reduces BODs levels but shows more variability compared to lon exchange.
Total Suspended Solid

The mean TSS value for Inlet is 4.2 mg/l, indicating a moderate level of suspended solids. The values range
from 1.6 mg/l to 7.0 mg/l, showing significant variability.

The mean TSS value for lon Exchange is 1.4 mg/|, which is lower than the mean value for Inlet. The values
range from 0.2 mg/l to 3.4 mg/|, indicating less variability compared to Inlet.

The mean TSS value for Ozone is 0.3 mg/l, which is the lowest among the three treatments. The values
range from 0.1 mg/I to 0.6 mg/|, showing minimal variability.

The Inlet parameter shows higher TSS values on average compared to lon exchange and Ozone, indicating
that the initial untreated water has higher levels of suspended solids. The lon exchange treatment effectively
reduces the TSS levels, with lower mean values and less variability.

The Ozone treatment shows the lowest TSS levels, indicating it is the most effective in reducing suspended
solids.
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Table 22. Total Organic Compound, Biochemical Oxygen Demand, and Total Suspended Solid values variations

TOC [mg/I] BODS5 [mg/I] TSS [mg/1]

Date Inlet lon exchange Ozone Inlet lon exchange Ozone Inlet lon exchange Ozone
2025-02-13
2025-02-18
2025-02-20
2025-03-04
2025-03-18
2025-03-20
2025-03-25
2025-03-27
2025-04-01
2025-04-08
2025-04-10
Limited value < 10mg/I <10 mg/I

Turbidity
The mean turbidity value for Inlet is 3.1 NTU, indicating a moderate level of turbidity.

The values range from 1.7 NTU to 5.8 NTU, showing significant variability. The mean turbidity value for lon
exchange is 0.9 NTU, which is lower than the mean value for Inlet. The values range from 0.4 NTU to 2.2
NTU, indicating less variability compared to Inlet.

The mean turbidity value for Ozone is 0.6 NTU, which is the lowest among the three treatments.
The values range from 0.3 NTU to 1.2 NTU, showing minimal variability.

The Inlet parameter shows higher turbidity values on average compared to lon exchange and Ozone,
indicating that the initial untreated water has higher levels of suspended particles.

The lon exchange treatment effectively reduces the turbidity levels, with lower mean values and less
variability. The ozone treatment shows the lowest turbidity levels, indicating it is the most effective in
reducing suspended particles.

Electrical conductivity

The mean electrical conductivity value for Inlet is 1536 mg/|, indicating a moderate level of conductivity.
The values range from 1449 mg/Il to 1620 mg/|, showing significant variability.

The mean electrical conductivity value for lon exchange is 1547 mg/|, which is slightly higher than the mean
value for Inlet.

The values range from 1452 mg/I to 1625 mg/|, indicating similar variability compared to Inlet.

The mean electrical conductivity value for Ozone is 1546 mg/l, which is close to the mean value for lon
exchange.

The values range from 1450 mg/I to 1612 mg/I, showing moderate variability.

All three treatments show moderate levels of electrical conductivity with similar ranges and variability. The
mean values for Inlet, lon exchange, and ozone are close to each other, indicating that the treatments have
a similar effect on electrical conductivity.

Table 23. Turbidity and electrical conductivity values variations

Turbidity Electrical conductivity [mg/I]

Date Inlet lon exchange Ozone Inlet lon exchange Ozone

2025-02-13
2025-02-18
2025-02-20
2025-03-04
2025-03-18
2025-03-20
2025-03-25
2025-03-27
2025-04-01
2025-04-08
2025-04-10
Limited value 700-3000 puS/cm

Total Phosphorus

The values for Inlet range from 0.37 to 2.53 mg/I, with an average of 1.16 mg/l. The lon exchange values
range from 0.20 to 1.81 mg/|, with an average of 0.87 mg/Il. The Ozone values range from 0.23 to 1.77 mg/I,
with an average of 0.90 mg/I.

The highest TP level recorded was on March 18th, at 1.77 mg/I, which is within the limited value of 2 mg/I.
The mean TP level is 0.94 mg/I, indicating that the ozonation treatment generally maintains TP levels well
within the acceptable limit.

Phosphate

The Inlet values range from 0.14 to 2.15 mg/I, with an average of 1.00 mg/I. The lon exchange values range
from 0.16 to 1.73 mg/l, with an average of 0.82 mg/l. The Ozone values range from 0.17 to 1.66 mg/I,
with an average of 0.81 mg/I. The highest P-PO, level recorded was on March 18th, at 1.66 mg/I, which is
within the limited value range of 0-2 mg/I. The mean P-PQ, level is 0.81 mg/|, suggesting that the ozonation
treatment effectively keeps P-PO, levels within the acceptable range.

Table 24. Total Phosphorus and phosphate values variations

TP [mg/I] P-PO. [mg/I]
Date Inlet lon exchange  Ozone Inlet lon exchange ~ Ozone
2025-02-13
2025-02-18
2025-02-20
2025-03-04
2025-03-18
2025-03-20
2025-03-25
2025-03-27
2025-04-01
2025-04-08
2025-04-10

Limited value
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Total Nitrogen

The Inlet values range from 7,5 to 19,0 mg/I, with an average of 10,6 mg/I. The lon exchange values range
from 4,0 to 16,0 mg/I, with an average of 8,1 mg/I. The values range from 4,0 to 16,0 mg/|, with an average
of 8,1 mg/I. The highest TN level recorded was on February 18th, at 16,0 mg/I, which exceeds the limited
value of 15 mg/I. The mean TN level is 8,1 mg/l, indicating that while most measurements are within the
acceptable limit, there are instances where TN levels exceed the limit.

Table 25. Total Nitrogen values variations

TN [mg/I]
Inlet lon exchange Ozone

DE) (]

2025-02-13
2025-02-18
2025-02-20
2025-03-04
2025-03-18
2025-03-20
2025-03-25
2025-03-27
2025-04-01
2025-04-08
2025-04-10

Limited value

Ammonium nitrogen
The mean N-NHa value for INLET is 3.38 mg/I, indicating a moderate level of ammonium nitrogen.
The values range from 0.55 mg/l to 15.2 mg/I, showing significant variability. The mean N-NHa value for lon

exchange is 2.63 mg/I, which is lower than the mean value for Inlet. The values range from 0.5 mg/I to 12.1
mg/|, indicating similar variability compared to Inlet.

The mean N-NHa value for Ozone is 2.79 mg/|, which is close to the mean value for lon exchange.

The values range from 0.56 mg/| to 12.4 mg/l, showing moderate variability. The mean values for Inlet,
lon exchange, and Ozone are close to each other, indicating that the treatments have a similar effect on
ammonium nitrogen levels.

Nitrite dioxide
The mean N-NO: value for Inlet is 0.14 mg/I|, indicating a moderate level of nitrite dioxide.

The values range from 0.06 mg/l to 0.34 mg/I, showing significant variability. The mean N-NO: value for lon
exchange is 0.19 mg/l, which is higher than the mean value for Inlet. The values range from 0.00 mg/I to
0.96 mg/I, indicating significant variability.

The mean N-NO: value for Ozone is 0.01 mg/I, which is the lowest among the three treatments.
The values range from 0.00 mg/l to 0.02 mg/l, showing minimal variability. The Inlet parameter shows
moderate N-NO: values on average compared to lon exchange and Ozone, indicating that the initial

untreated water has higher levels of nitrite dioxide. The lon exchange treatment shows higher mean N-NO:
values and significant variability.

The Ozone treatment shows the lowest N-NO: values with minimal variability, indicating it is the most
effective in reducing nitrite dioxide levels.
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Nitrate nitrogen
The mean N-NO:s value for Inlet is 7.85 mg/I, indicating a moderate level of nitrate nitrogen.

The values range from 5.6 mg/l to 10.0 mg/I, showing significant variability. The mean N-NOs value for lon
exchange is 6.50 mg/I, which is lower than the mean value for Inlet. The values range from 3.5 mg/l to 8.8
mg/|, indicating significant variability.

The mean N-NOs value for Ozone is 6.7 mg/|, which is slightly higher than the mean value for lon exchange.
The values range from 4.1 mg/l to 9.4 mg/|, showing moderate variability.

All three treatments show moderate levels of nitrate nitrogen with similar ranges and variability. The mean
values for Inlet, lon exchange, and Ozone are close to each other, indicating that the treatments have a
similar effect on nitrate nitrogen levels.

Table 26. Ammonium nitrogen, Nitrite dioxide, and Nitrite nitrogen values variations

N-NHa N-NO: N-NOs
Date [mg/1] [mg/1] [mg/1]
Inlet lon exchange Ozone Inlet lon exchange Ozone Inlet lon exchange  Ozone

2025-02-13
2025-02-18
2025-02-20
2025-03-04
2025-03-18
2025-03-20
2025-03-25
2025-03-27
2025-04-01
2025-04-08
2025-04-10

Limited value

Potassium
The mean potassium value for Inlet is 35.7 mg/|, indicating a moderate level of potassium.

The values range from 28.1 mg/I to 48.1 mg/Il, showing significant variability. The mean potassium value for
lon exchange is 35.3 mg/I, which is slightly lower than the mean value for Inlet.

The values range from 27.1 mg/I to 43.5 mg/|, indicating similar variability compared to Inlet.

The mean potassium value for Ozone is 35.17 mg/|, which is close to the mean value for lon Exchange. The
values range from 27.3 mg/I to 43.5 mg/I, showing moderate variability.

All three treatments show moderate levels of potassium with similar ranges and variability.

The mean values for Inlet, lon Exchange, and Ozone are close to each other, indicating that the treatments
have a similar effect on potassium levels.
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Table 27. Potassium values variations

Potassium [mg/I]

Date Inlet lon exchange Ozone

2025-02-13
2025-02-18
2025-02-20
2025-03-04
2025-03-18
2025-03-20
2025-03-25
2025-03-27
2025-04-01
2025-04-08
2025-04-10

Limited value

MICROBIOLOGY PARAMETER

Indicator for further work and selection of technological parameters was microbiology parameters.
Below are presented the results for the parameters that were to be achieved in the project: Coli bacteria,
Escherichia Coli, Total Plate Count at 36 and 22 °C, Enterococcus.

Table 28. List of experiments conducted on various microbiology parameters

Experiment Date Ozone dose [g/h]

18.02.2025 20
2 20.02.2025 30
3 04.03.2025 50
4 18.03.2025 50
) 20.03.2025 50
6 25.03.2025 50
7 27.03.2025 50
8 01.04.2025 70
9 08.04.2025 70
10 10.04.2025 70
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Figure 26. Results of experiments conducted on Coli Bacteria

The mean Coli Bacteria value for Inlet is 71,700 NLP/100 ml. The values range from 52,000 to 110,000
NLP/100 ml showing significant variability. The mean Coli Bacteria value for lon exchange is 17,340 NLP/100
ml with the range from 5,800 to 40,000. After the ozonation process, the number of Coli bacteria drops
drastically. The mean Coli Bacteria for Ozone process is 11.5 NLP/100 ml. The values range for ozone process
if from 0 to 47 NLP/100 ml. By increasing the ozone dose to 70 g/h, full disinfection was achieved.
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Figure 27. Results of experiments conducted on E. Coli

The Inlet E. Coli values range from 9 800 to 30 000 NLP/100 ml, with an average of 15 680 NLP/100 ml. The
lon exchange values range from 1 700 to 25 000, with an average of 6 440 NLP/100 ml. The Ozone values
range from 0 to 10 NLP/100 ml, with an average of 1.5 NLP/100 ml.

The data shows that the Inlet values have a moderate spread around the mean with some variability. The lon
exchange values have a high variability indicating significant differences in the measurements. The Ozone
values are mostly low with a few higher values. This suggests that while the ion exchange process shows
variability in its effectiveness, the ozone treatment consistently results in low values indicating successful
disinfection. By increasing the ozone dose to 50-70 g/h, full disinfection was achieved.

interreg-baltic.eu/project/renutriwater 63
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Figure 28. Results of experiments conducted on Total Plate Count at 36 °C

The Inlet TPC at 36 °C values range from 6 900 to 20 000 jkt/ml, with an average of 11 970 jkt/ml. The lon
exchange values range from 1 400 to 10 000 jkt/ml with an average of 5 260 jkt/ml. The use of ion exchange
resign results in a significant decrease of TPC in the sample. The Ozone values range from 0 to 71 jkt/ml,
with an average of 15.9 jkt/ml. By increasing the ozone dose to 70 g/h, full disinfection was achieved.
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Figure 29. Results of experiments conducted on Total Plate Count at 22 °C

The Inlet TPC at 22°C values range from 14,000 to 44,000 jkt/ml with a mean of 23,420 jkt/ml. lon exchange
values show a wide range from 2,500 to 76,000 jkt/ml indicating significant variability. Ozone values range
from 0 to 120 jkt/ml with a mean of 29.5 jkt/ml. The application of an ozone dose of 70 g/h resulted in
incomplete disinfection; single organisms are present in the sample.
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Figure 30. Results of experiments conducted on Enterococcus
The Inlet Enterococcus values range from 2,900 to 17,000 NPL/100ml with a mean of 6,670 NPL/100 ml.
lon exchange values show variability from 820 to 7,300 NPL/100 ml, with a mean of 2,294 NLP/100 ml.

Ozone values are mostly low, ranging from 0 to 5 NLP/100 ml, with a mean of 0.7 NLP/100 ml. Using an
ozone dose of 70g/h , enterococci are not detected in the sample.

Using lower ozone doses, full disinfection was not achieved. Increasing the dose to 50 g per hour allowed
the achievement of the required parameters (according to: Regulation (EU) 2020/741 of the European
Parliament and of the Council of 25 May 2020 on minimum requirements for water reuse and Directive (EU)
2020/2184 of the European Parliament and of the Council of 16 December 2020 on the quality of water
intended for human consumption). The red lines on the charts provided above indicate the limit values that
must be met. The absence of enterococci in the samples was successfully ensured.

Table 29. Full disinfection achieved in different experiment phases

Date Parameter [ug/l] Inlet lon Exchange Ozone

20.03.2025 Legionella 0 0 0
Ozone dose: 14.29 mg/I
Contact time: 33 min
Flow rate: 3.5 m¥h

27.03.2025 Legionella
Ozone dose: 15.15 mg/|
Contact time: 35 min
Flow rate: 3.3 m¥h

01.04.2025 Legionella
Ozone dose: 20 mg/I
Contact time: 33 min

Flow rate: 3.5 m¥h

10.04.2025 Legionella
Ozone dose: 18.4 mg/I
Contact time: 30 min
Flow rate: 3.5 m¥h

Helminths eggs 0 0 0

Helminths eggs

Helminths eggs 0 0 0

Helminths eggs

Additionally, using a dose of 50 g/h and 70g/h, Legionella and Helminths eggs are not detected in the
sample.

Moreover, after achieving full disinfection by meeting microbiological indicators, a series of tests for
micropollutants were started. Micropollutants are parameters indicated in the wastewater directive and
the European Parliament regulation on minimum requirements for water reuse. A reduction in these
parameters is observed at each stage. However, after the ozonation process, all the parameters are found
to be below the detection limit. Regarding toxicity tests, an increase is noted, but this increase does not
exceed the limit values.
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Table 30. Changes in parameter values in different experiment phases The ozonation process in the disinfection module allowed for achieving full microbiological disinfection
(meeting required limits, e.g., absence of Enterococci) and reduction of micropollutants below the

: . 20.03.2025 27.03.2025 detection limit, confirming the potential for water reuse. Although an increase in toxicity was observed
Working parameters of pilot Ozone dose: 14.29 mg/| Ozone dose: 15.15 mg/I| . . P - o
installation Contact time: 33 min Contact time: 35 min after disinfection processes, this increase did not exceed the limit values.
Flow rate: 3.5 m¥%h Flow rate: 3.3 m%h o .
Parameter [ug/I] lon exchange resin lon exchange resin Ozone Summary of disinfection process
Benzotriazole 4.1 0.21 <0.02 3.3 0.22 <0.02 The ozonation process was implemented as a disinfection method using a SPID 300 device, which has an
Methylbenzotriazole (som 4+5) 0.63 0.08 <0.02 0.67 0.08 <0.02 efficiency of 20 m¥h and can produce up to 300 g of ozone per hour. During operation, the flow rate varied
Carbamazepine 0.88 0.57 <0.005 0.96 0.71 <0.005 from 2 m¥h to 4.8 m3h, and the ozone dose was adjusted from 20 g/h to 70 g/h, with residual ozone in
Diclofenac >3 14 <0.0L >3 15 <0.01 ’Icohe wastelv;aterd r;gnglr)g from 0.16 mg/l to 0.70 mg/I. The contact time of ozone with the sewage varied
Gabapentin 0.58 0.49 <0.02 0.78 0.6 0.07 etween an minutes.
Irbesartan 0.01 0.01 <0.01 0.02 0.01 <0.01 Regarding physicochemical parameters, the ozonation process consistently showed higher temperatures
Metoprolol 0.74 0.25 <001 0.76 04 <001 (average 16.4°C) and higher pH yalu_es (aver_age 7.55)., indicating a more alkaline environment. Ozonation
Sulfamethoxazole 027 0,28 <00l 022 03 <00l was found to be the most effecpve in rec_iucmg Chemical ('_)xygen Demanq (COD)f with the lowest average
- ” 09 oea 501 o 051 001 values (18.6 mg/l), all well within the limit of <125 mg/I. Similarly, ozonation achieved the lowest levels of
. . <0. . . <0. . . qe . .
urosemt .e - Total Suspended Solids (TSS) (average 0.33 mg/l) and lowest turbidity (average 0.61 NTU), demonstrating its
Hydrochlorothiazide <0.01 <0.01 <0.01 029 021 <0.01 effectiveness in reducing suspended particles. While Total Organic Carbon (TOC) and Biochemical Oxygen
Azithromycin 0.47 0.18 <0.01 0.64 0.26 <0.01 Demand (BODs) were also reduced by ozonation, their mean values were comparable to or higher than
Clarytromycyne 1.2 0.97 <0.10 43 1.8 <0.10 those after ion exchange, though still lower than the inlet. Other parameters like electrical conductivity,
Propranolol <0.10 <0.10 <0.10 <0.1 <0.1 <0.10 total phosphorus, phosphates, total nitrogen, ammonium nitrogen, nitrate nitrogen, and potassium showed
Sotalol (R-Adrenergics) <010 <0.10 <0.10 <01 <01 <010 similar effects across all tested treatments (inlet, ion exchange, and ozonation), generally remaining within
Trimetoprim 0.08 0.03 <001 008 0.02 <001 acceptable limits, though total nitrogen occa5|onz?||y exceegled the 15 mg/I limit. Notably, nitrite nltroggn
. (N-NO:) was most effectively reduced by ozonation, showing the lowest mean value of 0.01 mg/I with
Citalopram 0.24 0.11 <0.005 0.19 0.099 <0.005 . L
minimal variability.
Venlafaxine 0.78 0.58 < 0.005 0.56 0.42 <0.005
Candesartan 0.34 <0.02 <0.02 0.26 0.04 <0.02 In terms of microbiological parameters, ozonation significantly improved disinfection:
Amisulpride 0.32 0.19 <0.01 0.26 0.19 <0.01 e The number of Coli bacteria drastically dropped to an average of 11.5 NLP/100 ml after ozonation, with
DELTA-TOX 8 18 24 18 10 17 full disinfection achieved at an ozone dose of 70 g/h.

e Escherichia Coli values averaged 1.5 NLP/100 ml (ranging from 0 to 10 NLP/100 ml) after ozonation,
indicating effective disinfection, with full disinfection achieved at 50-70 g/h.

Table 31. Changes in parameter values in different experiment phases

01.04.2025 10.04.2025 0 . . . .
R AR Ozone dose: 20 mg/| Ozone dose: 18.4 mg/|  Total Plate Count (TPC) at 36°C achieved full disinfection with a 70 g/h ozone dose.
GEEELED Contact time: 33 min Contact time: 30 min e However, for TPC at 22°C, applying a 70 g/h ozone dose resulted in incomplete disinfection, with single
Flow rate: 3.5 m¥h Flow rate: 3.5 m¥%h . .
organisms still present.
Parameter [ug/I] lon exchange resin lon exchange resin
Benzotriazole 26 0.15 <0.02 47 0.58 <0.02 * Enterococci were mostly not detected after ozonation, with no detection when using a 70 g/h ozone
Methylbenzotriazole (som 4+5) 0.33 0.04 <0.02 0.76 0.13 <0.02 dose.
Carbamazepine 1.0 0.63 <0.005 0.69 0.55 <0.005 e Legionella and Helminths eggs were not detected in samples after the ozonation process, including at
Diclofenac 2.5 1.2 <001 2.6 16 <0.01 50 g/hand 70 g/h doses.
Gabapentin 0.92 0.64 0.07 0.69 0.67 <0.02 Furthermore, after achieving full microbiological disinfection, tests for micropollutants were conducted. All
Irbesartan 0.01 0.01 <0.01 0.01 0.01 <0.01 tested micropollutants (e.g., Benzotriazol, Carbamazepine, Diclofenac) were reduced below their detection
Metoprolol 0.75 0.39 <0.01 0.63 0.38 <0.01 limits after the ozonation process. While an increase in toxicity (DELTA-TOX) was observed after disinfection
sulfamethoxazole 0.27 033 <001 022 027 <001 processes, this increase did not exceed the established limit values.
Furosemide 1.1 0.26 <0.01 0.72 0.35 <0.01 Overall, the ozonation process demonstrated its capacity to achieve full microbiological disinfection and
Hydrochlorothiazide 11 0.26 <001 0.43 0.35 <001 reduce micropollutants below detection limits, confirming the potential for water reuse.
Azithromycin 0.81 0.41 <0.01 0.87 0.44 <0.01 . .
Summary of pilot studies
Clarytromycyne 7.4 10 <0.10 8.9 7.6 <0.10
Propranolol <0.1 <0.1 <0.10 <0.1 <0.1 <0.10 In water recovery processes, ozonation should be considered an effective disinfection method, provided
Sotalol (R-Adrenergics) <01 <01 <010 0.7 0.42 <010 that suspended solids and organic substances are first removed in a stable manner.
Trimetoprim 0.04 0.02 <0.01 0.07 0.04 <0.01 The choice of pre-treatment technology must take into account the susceptibility of the systems to hydraulic
Citalopram 0.19 0.098 <0.005 0.23 0.13 <0.005 and load variability typical of treatment plants. Under real conditions, where sudden increases in suspended
Venlafaxine 0.59 0.45 <0.005 0.56 0.28 <0.005 solids concentration occur (e.g., after heavy rainfall, during changes in technological systems), fabric filters
Candesartan 0.28 0.03 <002 0.34 0.06 <0.02 maintain stable operation and do not become clogged, making them a more resilient and operationally safe
Amisalpride 502 o016 ~o0l 537 527 ~ool technology. They areocapaple of effgctlvely reducing turbidity even at high inlet levels (e.g‘.,.1300 mg/l > 6
mg/L; reduction >99%, deliberate simulations to test the technology under extreme conditions.
DELTA-TOX 20 11 16 12 15 16
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On the other hand, ion exchange resin (IER) technology is characterized by higher efficiency in reducing
selected wastewater quality indicators, in particular: TOC: 42.6% (vs. 12.8% for FF), COD: 57.9% (vs. 25.9%),
TP: 72% (vs. 44.8%), TN: 38.5% (vs. 34.5%).

Thanks to the use of several types of media in a single system (gravel beds, activated carbon, ion exchange
resins, zeolite beds), IERs ensure better quality of reclaimed water in applications requiring lower
concentrations of biogenic substances or organic compounds.

It is therefore recommended to select the treatment technology depending on the intended use of the
reclaimed water and the level of stability of the wastewater feeding the system.

The use of a modular design in water recovery systems allows for flexible management of the final water
quality. Depending on the needs of the users (e.g., street cleaning, snow production, irrigation, industrial
applications), individual modules can be:

¢ included or omitted in the process (e.g., additional filtration, carbon post-treatment, or UV disinfection),

¢ switched automatically by the SCADA control system or manually, depending on the desired output
parameters,

e easily reconfigured in the future — e.g., adding a new module for micro-pollutant removal.

Thanks to this flexibility, the water recovery system becomes an operational tool rather than just a linear
process, allowing the water quality to be adapted to a variety of usage scenarios and dynamically changing
environmental or legislative requirements.

Practical tips for implementers

» Operation

Fabric filters (FF) proved to be virtually maintenance-free — they did not require operator intervention
during testing and operated stably even with high suspended solids inflows. This makes them particularly
advantageous in treatment plants with variable inflows and the risk of sudden hydraulic or load overloads.

The IER system (ion exchange resins), although very effective in removing organic pollutants and biogens,
proved to be sensitive to increases in suspended solids concentration. In the event of temporary exceedances
of suspended solids, it was necessary to manually disconnect the system, which in practice required close
supervision. To ensure continuity of operation, it was necessary to design two parallel process lines, allowing
one of the columns to be cleaned without interrupting the operation of the entire system.

The ozonator was reliable, but its integration into the wastewater pretreatment system required further
refinement. In emergency situations, such as no wastewater flow through the water recovery station and the
ozonator, after restoring the flow, the ozone disinfection system required operator intervention to restore
its proper operation. Therefore, it is recommended to implement additional software and mechanical
safeguards (e.g., flow sensors, check valves, logic lock systems).

» Control and monitoring

The system was controlled manually, which significantly increased the workload of operators. The need to
frequently switch operating modes and respond to changing wastewater inflow conditions (e.g., sudden
suspended solids) required the constant presence of personnel. It is recommended that at the pilot plant
design stage, at least a basic automation system (SCADA or local PLC controllers) with the possibility of
configuring emergency scenarios be provided.

Only turbidity was monitored online, which did not allow for ongoing control of other parameters relevant
to water recovery (e.g., conductivity, chlorine, E. coli). In the future, it is worth considering the inclusion of
modules for measuring microbiological parameters or at least the conditions for their development (T, pH,
ORP).

» Integration with the wastewater plant

The tests were difficult to carry out under actual operating conditions of the wastewater treatment plant.
Pilot installations have limited mobility and require stable connection points, which are often lacking. For
example, it was necessary to temporarily shut down the installation due to cleaning or servicing of the feed
tanks.
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In the case of IER, the manufacturer required a water supply for the installation, which had not been
planned in advance. The lack of a connection forced the use of water tanks as a temporary water source,
which worsened the ergonomics of work.

5.3 Reclaimed water as a source of nutrients
5.3.1 Balance challenge

Reclaimed water can serve as a valuable source of nutrients for plants. In Pilot 2, the emphasis is on
analyzing the main macronutrients (nitrogen — N, phosphorus — P, and potassium — K) composition for
irrigating inedible plants such as grasses and flowers using reclaimed water. Nitrogen, phosphorus, and
potassium are three essential nutrients that play a key role in plant development. Nitrogen, phosphorus,
and potassium are fundamental for healthy growth for inedible plants:

e Nitrogen is a primary nutrient that influences plant growth. It is crucial for producing proteins, enzymes,
and chlorophyll, which is responsible for photosynthesis. For grass, nitrogen is essential for rapid growth
and the intense green color of leaves, as it supports chlorophyll production. For flowers, nitrogen affects
the overall development of the plant, including the production of healthy, strong shoots and leaves.
However, excess nitrogen may lead to excessive leaf growth at the expense of flowering.

e Phosphorus is a nutrient that plays an important role in plant cellular energy, primarily due to its
presence in ATP (adenosine triphosphate), which is the energy carrier in cells. It is also crucial for
root development. For grass, phosphorus supports the development of a strong root system, which is
particularly important for stability and drought resistance. In flowers, phosphorus supports processes
related to blooming and also improves plant health, enhancing its ability to survive in harsh conditions
(e.g., winter).

e Potassium regulates many metabolic processes in plants, including water transport, enzyme activity,
and protein synthesis. Potassium helps plants cope with environmental stress, such as drought, cold, or
disease. Grass requires potassium to effectively manage water, which is key for its durability, especially
during dry periods. Potassium also helps maintain healthy plant cells. Flowers, like grasses, benefit from
potassium to boost plant resistance to diseases and regulate processes related to seed production and
blooming.

All three nutrients must be present in the appropriate proportions for the plant to grow, bloom, and
maintain good condition.

Reclaimed water characteristics in context of the nutrient demand of grass

The average daily water need of standard grass during the irrigation season depends on daily temperature
and climatic zone. The range of water requirements for irrigation is very wide and ranges from 1 to even 10
liters per 1 m2.

In the Baltic Sea region, the lawn irrigation season lasts from April to September (e.g. in Poland, Denmark,
and Latvia). In the case of countries located to the north, the season is shorter and for Finland, it usually
lasts from May to August. It can be assumed that the number of days when irrigation is needed (excluding
those with atmospheric precipitation) is on average 150 days.

The best N:P:K fertilizer ratio for grass (lawn) depends on the stage of grass growth and soil condition, but
generally a ratio of 3:1:2, 4:1:2 or 2:1:1 is recommended for a healthy lawn.

The amount of nitrogen (N) needed by a grass (lawn) during the season depends on many factors, such as
the type of lawn, the type of soil, the climatic conditions and the intensity of use of the lawn. Generally
accepted recommendations for fertilizing the lawn with nitrogen indicate that 3 to 6 kg of nitrogen per 100
m? should be supplied during the year.

Considering the above assumptions, the seasonal coverage of the nutrient demand for grasses was
determined based on research on the pretreatment processes (before the disinfection process) using
coagulation, sand filtration, and activated carbon adsorption. These processes are necessary to reduce the
turbidity (<1 NTU) and improve the efficiency of disinfection processes. Table 32 presents the concentrations
of N, P, and K in treated wastewater, as well as changes in these concentrations after applying various
preliminary treatment processes that resulted in turbidity < 1 NTU. The values include concentrations
after the volume coagulation, surface coagulation (using three coagulants: Al2(SO4)3?, PAX-XL19F, and PAX-
XL1911), sand filtration (at four different flow rates: 3, 5, 10, and 15 m/h), and activated carbon adsorption
(at three different flow rates: 5, 10, and 15 m/h).
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Table 32. Concentrations of N, P, and K in treated wastewater (TW) and after pretreatment processes

Indicator: N[mg/l] P[mg/l] K[mg/l]
Treated wastewater (TW) 7.65 1.14 35.57
Al2(SOa) 7.28 0.67 33.67
6.75 0.63 29.70
PAX-XL 19F 6.99 0.88 35.20
6.22 0.72 32.57
PAX-XL 1911 6.60 0.84 34.23
6.17 0.65 31.03
6.01 0.52 32.85
Sand filtration [m/h] 5 6.04 0.53 33.55
6.02 0.55 33.65
6.03 0.56 33.70
Activated carbon 0.37 0.29 19.25
adsorption [m/h] 0.39 031 22.35
0.77 0.35 25.25

Coagulation

Figures 31, 32 and 33 show the coverage of the nutrient demand for grass in the process of volumetric (VC)
and surface (SC) coagulation compared to treated wastewater (before processes). Three aluminium-based
coagulants were analyzed in the study: Al2(S0a4)3, PAX-XL19F, and PAX-XL1911.

The coverage for N, P and K in the case of treated wastewater was 23.9, 14,25 and 222.29 %. For all analyzed
coagulants, the highest coverage was observed for K and ranged from 186 to 220%, for N the coverage
ranged from 19.28 to 22.74%, while for P it was the lowest and ranged from 7.83 to 11.04%.
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Figure 31. Covering the demand for N, P and K using Al2(504)3 in coagulation processes
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Figure 32. Covering the demand for N, P and K using PAX-XL19F in coagulation processes
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Figure 33. Covering the demand for N, P and K using PAX-XL1911 in coagulation processes
Sand Filtration

Figure 34 shows the coverage of the nutrient demand for grass in treated wastewater and after sand
filtration for different flow rates (3, 5 and 10 m/h) compared to treated wastewater (before processes). In
this case, the coverage of the demand for K is the highest and amounted to 205.31-210.31%, for N 18.78-
18.89%, and for P 6.54-6.64%.
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Figure 34. Covering the demand for N, P and K in sand filtration
Activated Carbon Adsorption

Figure 35 shows the coverage of the demand for nutrients for grass in treated wastewater and after the
adsorption process on activated carbon for different flow rates (5, 10 and 15 m/h). In this case, the coverage
of the demand for K is also the highest and amounted to 120.31-157.81%, for P 3.62-4.39%, and for N it is
the lowest and amounted to 1.17-2.39%.

250
£ 200
2
E 150
©
£
ol 100
s
§ 50
N P K
B lrested was tewater m Activated Carbon Adsorption 5 m/h

m Activated C arb onAdsorption 10m/h g Activated Carbon Adsorption 15m/h

Figure 35. Covering the demand for N, P and K in activated carbon adsorption
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:@: Key Takeaways

e Balancing nutrients in reclaimed water showcases its potential as a sustainable resource for inedible
plant irrigation.

¢ In regions with limited freshwater, reclaimed water offers an alternative resource for maintaining
landscapes. Additionally, using reclaimed water helps conserve potable water, which is crucial for
other needs. Overall, it provides a cost-effective and eco-friendly option for managing plant nutrition in
inedible plant care.

e Using reclaimed water for irrigation helps reduce the reliance on synthetic fertilizers, making it a more
sustainable choice for landscaping and green spaces.

e Reclaimed water contains essential nutrients like nitrogen, phosphorus, and potassium, which promote
healthy growth in these non-food crops.

¢ The coagulation and sand filtration processes slightly reduce the coverage of the demand for N, P, and
K. In the case of activated carbon adsorption, a drastic reduction in demand can be observed.

e The selection of the pretreatment processes should take into account the assessment of its impact on
changes in fertilizer properties of reclaimed water.

5.3.2 Pilot experiences

According to Jurmala Water Utility Pilot 2 results, the best growth occurred in plots watered with clean
water and chlorine-treated water. In the reservoirs containing treated wastewater without chlorine, an algal
bloom was observed. Consequently, we proposed a hypothesis that nutrient reduction in the wastewater
could be attributed to a decrease in nutrients, which resulted in poorer grass length and weight outcomes
(Figures 36 and 37).

50

40

30

20 e
10
0

Length, cm

Week Week Week Week Week Week Week Week
18 19 21 23 25 29 in 36

DWW W] e——=WW2  e—WW+Cl
Figure 36. Changes in the length of grass during the experimental period
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Figure 37. Changes in the weight of grass during the experimental period

Schwander Polska carried out observations in three plots with different irrigation methods, allowing the
effects of using different water sources to be compared:

e Plot |- Permeate irrigation with partially removed nutrients (nitrogen and phosphorus). Permeate is an
effluent treated biologically and after undergoing membrane microfiltration and UV lamp disinfection.
The water is partially devoid of nutrients (nitrogen and phosphorus), making it safer for the environment
without causing additional pollution of the soil with these components. Such water can be used as a
natural fertiliser to provide the necessary nutrients to plants, improving their growth and development.
There is no over-fertilisation of the soil.

e Plot Il — Tap water irrigation. This is the classic irrigation method used in traditional agriculture. Tap
water, although suitable for watering plants, does not contain any additional nutrients to support plant
growth. For this reason, plants may require additional fertilisation to achieve optimal growth.

e Plot lll — Permeate irrigation from the second treatment line (nutrients not removed). In this case, the
permeate comes from the second treatment line, where nutrients (biogenes) such as nitrogen and
phosphorus have not been removed. The biogen content of the water can affect plant growth, but in
the long term, excess nitrogen and phosphorus can lead to soil eutrophication. Excess of these nutrients
can also reduce soil biodiversity and lead to a reduction in soil quality. This type of irrigation can provide
plants with additional nutrients, but with supervision to avoid excessive nutrient accumulation.

The aim of the conducted research was to test how different water sources — including permeate from
treated wastewater — affect plant growth, condition and yield. Such experiments are particularly relevant
in the context of:

» Sustainable agriculture: the increasing challenges related to the availability of potable water and
the need to conserve it are prompting the search for alternative sources of irrigation water. Water
from wastewater treatment plants, especially after appropriate treatment, can be a good solution to
recover water resources.

»  Water recycling: The use of treated wastewater, especially permeate, is part of the trend towards a
closed loop economy. This practice can reduce the use of tap water and also reduce further, adverse
environmental impact.

5.4 Experiences from greenhouses

As part of Pilot 3, common corn was cultivated in one growing season. Cultivation began in the spring of
2024, but the exact date depended on the weather. In southern Poland, it was possible earlier than in
Kuopio or Ugale. The stages of the cultivation implementation are indicated in Table 33.

N

Figure 38. ReNutriWater greenhouse in Samsg, Denmark
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Table 33. Stages of task implementation within pilot 3

Tasks 2024 / months
| ] ]| v \) Vi vii vl X X XI Xl

Soil searching. Soil sample lab
YN LTS -/ testing (on site)

AECLUEEECI planning of the experiment
construction

Construction of the greenhouse

Delivery of soil from the field

Preparation of the experiment:
Sl ] 1) soil testing
(L= s =ye 4] 2) soil fertilisation
plant choosing

Ensuring soil moisture

Selection of plants, sowing of
the plant seeds

Control of humidity in the
greenhouse

Watering/ Watering combinations.
FIENECIT G Elimination of possible pests

Water testing

Harvesting of plants

1. Searching for a suitable soil

The soil composition was determined at the beginning of the project, during meetings and consultations.
It was established as follows:

¢ Sand (0.05-2.00 mm): 40-85%
e Silt (0.002-0.05 mm): 0-50%
e Clay (<0.002 mm): 0-20%

Soil samples were subjected to laboratory analyses to determine their mineral composition, nutrient levels
and water retention capacity. The aim was to obtain poor soil so that plants would have to use nutrients in
water.

2. Selection of the greenhouse

An 18 m? greenhouse made of an aluminium structure and covered with polycarbonate sheets was selected
for the experiment.

The greenhouse was designed to protect plants from direct sunlight, ensure stable humidity and temperature
conditions, and protect them from heavy rainfall, strong wind, and other adverse weather conditions.
Thanks to this, it was possible to precisely control the growing conditions, which was crucial to the success
of the research.

3. Selection of pots

Each pot had a removable insert with handles that made it
easy to pull out. Holes were made in the bottom of the insert
to ensure drainage of excess water (Figure 39).

Dimensions of pots:

e Diameter: 29.8 cm
e Height: 25.7 cm

e Capacity: 141

¢ |Insert capacity: 10|

Figure 39. Pots prepared for sowing and dividing into groups i

4. Sowing and caring for plants

For comparison purposes, the plants were
divided into groups and watered with different
types of water. We had the following options to
choose from:

e Irrigation with distilled water,

* Irrigation with distilled water and added
fertilizers,

e Irrigation with treated wastewater
(disinfected or not),

e |Irrigation with reclaimed water (treated
wastewater subjected to further processing
such as filtration and disinfection),

* Irrigation with reclaimed water (treated
wastewater subjected to further processing
such as filtration and disinfection) with
added fertilizers,

\_l‘ ! I' 4

Figure 40. Germinating corn
Before sowing the seeds, the soil was properly moistened with tap water to create optimal conditions
for germination. The seeds were not treated. After sowing the maize, the pots were covered with dark
perforated foil to maintain stable soil moisture and temperature. These conditions contributed to the faster
germination of the maize seeds. Once the seeds had germinated, the foil was removed, allowing the plants
to grow freely (Figure 40).

e Irrigation with drinking water.

5. Watering combinations (observation of plant pests)
In Wotkowyja, three irrigation combinations were planned:

e Combination I: irrigation with treated wastewater (permeate) from the MBR wastewater treatment,
coming from the biological sequence, in which the process of increased nutrient removal (nitrogen and
phosphorus) was carried out.

e Combination ll: irrigation with tap water.

e Combination lll: irrigation with treated wastewater (permeate) coming from the MBR second process
line, in which the technological process was carried out only with removal of carbon compounds without
nutrients removal.

Combinations | and Il were irrigated with treated effluent
(permeate) coming from the wastewater treatment plant in |
Wotkowyja. The containers holding the wastewater for pot |
watering were protected from the high temperatures prevailing
in the greenhouse.

Greenhouse operation is not easy. We encountered various
difficulties. For example, in Kuopio, despite the lack of very high
temperatures, the greenhouse was so insolated that it had to
be covered with a shading net. In mid-July in Wotkowyija, due
to high temperatures and crop burning, it became necessary to
move the plants outside the greenhouse (Figures 41 and 42). In
the first decade of September, the pots were brought back into
the greenhouse. Maize cultivation was carried out until mid-
November.

Figure 41. Growing corn starts to have too high temperature in
the greenhouse

interreg-baltic.eu/project/renutriwater 74

interreg-baltic.eu/project/renutriwater 75



6. Harvesting, analysing

The plants were monitored. We recorded the
growth progress and took photos of the plants
for comparison purposes.

Harvest began at different times. The first
decision to end cultivation was made in Samsg,
then in Kuopio, Ugale and Wotkowyja.

The plants were harvested, cleaned of soil,
weighed, and analyzed.

Figure 42. The pots moved outside

6 Message to Target Groups

6.1 Savonia University of Applied Sciences, Kuopio

It all started with an ambitious goal — three pilot projects that set out to do more than just test the quality
of treated wastewater. This was about something bigger: could reclaimed water safely return to the
cycle of life, watering crops instead of being flushed away? But before a single drop touched the soil, the
groundwork had to be rock solid. And it was. The planning phase was nothing short of meticulous. Every
relevant EU directive, regulation, and legal nuance was combed through and built into the blueprint. The
list of parameters to be analyzed was extensive — almost overwhelming — but flexible. Partners could tailor
the list to suit their budgets and technical capacities. Not every component could be measured, but thanks
to a thoughtful prioritization system, the most essential ones made it into all pilots, ensuring a coherent set
of core results.

Figure 43. Piloting in Savonia University of Applied Sciences

Greenhouses turned laboratories

The action moved into the greenhouses. Maize became the test subject, but for many partners, this was
unfamiliar ground. Agricultural research was new territory. Questions came fast: How do we ensure equal
conditions for all the test plants? How much water should each pot get, and how do we standardize that
across countries?

Guidelines were provided, but in hindsight, they could have been clearer and more hands-on. Despite
the variation in methods and local adaptations, the pilots held steady. No major stumbles, no crises. The
experiments ran their course, from irrigation schedules to plant monitoring, and data began to pour in.

Awareness, safety, and small victories

Importantly, the safety of those operating the pilots was never compromised. Health risks were considered
and mitigated. And beyond the lab results, there was a noticeable ripple effect: public awareness of
reclaimed water grew, along with genuine curiosity and support for innovation in wastewater reuse.

Still, not everything went perfectly. If there was one lesson learned, it’s this: keep it simple. Simpler
experiments make for stronger comparisons. Don’t overburden the process with too many samples or
complex analyses — costs escalate quickly, and clarity can be lost.

Laws, limits, and leading the way

Legal frameworks across countries also played a role. In Finland, for example, using reclaimed water still
isn’t permitted for crop irrigation. But that’s not necessarily a roadblock —it’s an opportunity. Being among
the first to test emerging solutions means leading the way, not following behind.

There’s still much to explore. How do pharmaceuticals, micro- and nanoplastics, microrubber, and PFAS
affect plant health, or human health, for that matter? Are the advanced treatment technologies cost-
effective enough for wide-scale adoption at urban wastewater treatment plants?

These questions don’t yet have answers. But the data we’ve gathered is a start. The conversation has begun.
And what once seemed like wastewater might just turn out to be a resource waiting to be reclaimed.
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6.2 VNK Serviss, Ugale

Hot days, clear water: a Latvian Pilot
that disinfects the future

The summer was relentless in Ugale,
Latvia. Heat radiated off the roads, [
soaked into the soil, and lingered in the §
air like a warning. Yet at the VNK Serviss ||
Wastewater Treatment Plant (WWTP), |
the heat wasn’t just weather — it was
symbolic. The pilot project unfolding =
here wasn’t just running on schedule; |
it was pushing forward with the kind %
of intensity only real relevance brings. ;
When water becomes a matter of e il
national security, every degree matters. Figure 44. Partners visiting VNK Serviss' WWTP in Ugale, Latvia

In this small, determined corner of Latvia, the pilot had a clear target: reclaimed water, cleaned well enough
to be safely reused for irrigation. And here, a quiet success took root — not just in the maize fields or data
sheets, but in the method itself. Latvia’s unique contribution came from the labs of the University of Latvia:
a disinfection process for treated wastewater that broke away from what other project partners were doing.
Unlike conventional chemical treatments, this method had agriculture in mind from the start. Safer, more
tailored, and now — thanks to testing — proven effective.

Lessons learned

Of course, success stories rarely come without hard-earned lessons. And in Ugale, those lessons had less to
do with water chemistry and more with logistics. Planning, it turned out, wasn’t just about pipes and pumps.
It was about people —and parts. Procurement wasn’t as straightforward as anticipated. Global supply chains,
already tangled by a shifting geopolitical landscape, proved fickle. Equipment delays threatened timelines.
Brands that once seemed reliable faltered. Then came the human element. Sickness, holidays, resignations
— natural parts of any working environment, but difficult to build into tight pilot schedules. When a project
hinges on timing, the absence of even one key person can throw the entire machine off balance. In one
case, it nearly fell on a single overburdened staff member to carry the entire pilot forward. It worked — but
only just. Next time, they say, there will be a plan B.

The reclaimed water

Ugale’s wastewater is municipal, uncomplicated, and relatively clean. There's no industry feeding
pollutants into the system, no chemical cocktails to unravel. That simplicity is a gift — but also a limitation.
The method developed here thrives in such conditions. Still, if it’s to be scaled or transferred to more
complex environments, it may need technological reinforcements and stricter safety protocols. Crucially,
reclaimed water can't be stored indefinitely. Once treated and disinfected, it needs to move — quickly. The
infrastructure must match not only technical specifications but also market demand. Who will use the
water, and when? The answers to these questions must come before shovels hit the ground.

Crops, contamination, and caution

Maize was the safe choice. Heat-processed before consumption, it offers a layer of protection against
microbiological risks. It was the ideal crop for this first foray into reclaimed water irrigation. But the team in
Ugale is already looking ahead. Could they go bolder? Could they irrigate carrots, beets, or potatoes — root
vegetables that journey straight from soil to supper? That next step won’t just test water quality — it will test
public perception, regulations, and systems of quality control.

Looking ahead

The pilot at VNK Serviss was, in many ways, a quiet triumph. It delivered results, created knowledge, and
forged a method worth building on. But perhaps most importantly, it raised the right questions. Can we
trust reclaimed water in our food systems? What does it take to make that trust possible? And how do
we ensure that when the next heatwave comes — literal or political — we’re ready not just to react, but to
adapt? In Ugale, we're already planning for that future.
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6.3 Jurmalas Udens, Jirmala

Mostly everything in the planned pilot activities went according to the plan. Different water solutions,
including treated wastewater from wastewater treatment plant, were tested to water grass and flowers
at a pilot site. As well as interactive lectures and issue related practical activities were held at schools and
school camps (Figure 45 and 46).

! Both interest and engagement on behalf of schools
proved to be high —in the year 2024 those were thirteen
educational institutions with over 400 attendees across
different municipalities in Latvia. This highlighted the
importance on educating the younger generation on
topics thar are not necessarily included or mentioned in
school programs but are crucial in creating a collective
understanding on climate smart and friendly society,
including knowledge on water related topics.

Figure 45. School children perform various water
related practical experiments

Watering of flowers (Figure 47) and grass in the scope
of the pilot also proved the usefulness of treated
wastewater as an effective watering solution. [ ——————
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There are some aspects that need to be taken in
account when planning a similar pilot or practice.
One of aspects is the confidential information of
the exact composition of watering solution used
by greening company. As valuable as it would
be for scientific comparison purposes, one must
understand that it is company's right not to disclose
the watering solution formula unless required by
some controlling state organization.

Figure 46. Interactive lecture at
school on water related issues, including water reuse

Another aspect to bear in mind, as learned during the pilot, is to foresee and plan wastewater reservoir
maintenance if the water is collected in such reservoir prior its use for watering purposes. As described
further in Chapter 5, reservoirs containing treated wastewater without chlorine developed an algae bloom.
Consequently, a hypothesis was made, that nutrient reduction in the wastewater could be attributed to
this bloom process within the reservoir. The plan for the next project period, is to clean the reservoirs
thoroughly and, if necessary, repeatedly to establish the frequency of maintenance and the exact effect on
nutrient levels.

To duplicate our successes as well as avoid making mistakes it is crucial to understand that wastewater is
rich in nutrients but the use of a specific wastewater depends on its specific quality, preferred watering
method and state regulations. Therefore, each wastewater should be thoroughly analyzed prior used for
watering purposes.

Next steps could include widening the potential use of treated wastewater in areas such as waterlng of
greening areas across the municipality, watering sports fields, storing ® gda AT

treated wastewater in reservoirs used for firefighting purposes of &
residential buildings.

Positive practice and public awareness on water reuse and reclaimed
wastewater quality go hand in hand, so spread the word and
inform the public about water resource availability and its overall
use as well as educate the public on wastewater quality indicators,
changing the perception from "treated wastewater" to "resource"
through environmental education. In order to achieve this goal,
certain actions need to be taken — gaining actual science and practice
based results, educating the public during school visits and lectures, : KT
promoting your success in various conferences and meet-ups. Take Figure 47. Flowers watered with
combined steps towards a collective goal of climate smart society. treated wastewater
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6.4 Samsg

Greenhouse doors open

The greenhouse experiment of the Samsg pilot went well according to the plan. The maize plants were
thriving and had no pests during the growing season. The quality of the reclaimed water used for irrigation
was good, and it was easy to handle as the two greenhouses were located at the WWTP area.

Dissemination of the project was successful as many local people have shown their interest in the subject.
From school children to farmers and people in general the visitors have all been quite open-minded to the
possibility of using reclaimed water for irrigation of crops instead of just leading the water to the sea.

When planning such a greenhouse experiment it is crucial to bear all aspects in mind — what kind of
methodology, which materials, soil parameters, plants’ needs, water quality, analysis instruments, and
cooperation of who is going to execute all the practical work.

In the Samsg pilot we experienced a good cooperation between colleagues when taking care of the plants
every day and also on the weekly analysis work. We used the existing measurement equipment of the
WWTP as far as possible, but we also had to buy some new equipment. It’s important for the analysis
results to have high quality instruments. Some of the instruments recommended by the project was of poor
quality which to some extend is reflected in the results, especially on the soil analysis.

We used buckets approved for food as growing containers for the maize, mainly to avoid any harmful
substances from the buckets that could have influenced the results.

When growing the plants we found that air humidity control as well as the solar radiation was important.
The plants should have the right amount of sunlight and water to thrive. During the hot summer weeks, the
greenhouse was covered with shading cloths.

An improvement for growing the maize could have been drip irrigation. Regular water supply for the plants
throughout the day would have been better for the growth than a larger amount of water once a day. We
were very careful not to spill any reclaimed water on the plants when irrigating the soil, but this could have
been done more easily with drip irrigation.

oL N

Figure 48. On site meetings with target groups

Next steps

In this experiment, we have used reclaimed water for irrigating maize, but it could be interesting to see
how other crops such as potatoes, carrots, and other root crops react to the reclaimed water. Will some of
the potential substances that may remain in the treated wastewater be incorporated in other species of
food crops? Also it could be interesting to test even more different substances potentially remaining in the
reclaimed water and to see if these would be traced in the crops.

The visitors of the Samsg pilot all showed positive interest but what about the public in general? As the
national law is for now it is not possible to irrigate food crops with reclaimed water in Denmark. The Danes
are not used to seeing reclaimed water as a resource when it comes to food production. Are we ready to
incorporate our wastewater in the agricultural cycle?

To move towards a sustainable bio circular model on the island of Samsg a more systemic anchoring and
approach is necessary. Therefore local stakeholder involvement and cross-sectoral collaboration is key to
future progress. The ReNutriWater pilot is part of the ongoing development of a green masterplan for the
island which is interrelated to our climate adaption, climate mitigation and climate action plans.
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7 Decision support tool

7.1 WaterSafe Tool

IT tools are becoming increasingly popular in
various sectors of the economy, from industry

and energy to agriculture and public services. vcv&:::eur'gﬁ;‘:.se

Their role in process optimization, automation pe

of activities, and decision-making support is the more feedback you will receive
becoming crucial in the context of growing creck ™ a0

Astacsk () sigrifies required fekd
= Check the units - they must

challenges related to the efficient use of
resources and environmental protection. In
particular, their use can significantly contribute
to achieving the goals set by the European
Unioninsustainable resource managementand
transforming the traditional economic mode| " ===
into a circular economy. One of the promising ="
areas where IT tools can play a significant role
is the water and sewage sector. In the face of -
growing demand for water, changing climate =~
conditionsand the need to minimize theimpact =
of human activity on aquatic ecosystems, -
modern digital technologies can become a key e g o ™ ™
element supporting effective water resource

management. Thanks to the use of advanced Figure 49. Testing IT tool

data analysis systems, it is possible to increase the efficiency of processes related to water treatment and
distribution, reduce losses and minimize the negative impact on the environment. The WaterSafe tool was
developed with the aim of protecting water resources and promoting the reuse of water from sewage.
Its main objective is to enable users — wastewater treatment plant operators, local authorities and other
entities managing water and sewage management — to select the optimal water treatment technology.
Thanks to its integration with current European Union regulations and analytical functions, WaterSafe is not
only an operational support for treatment plants but also a tool enabling effective management of water
resources at the local and regional levels. Its use can significantly contribute to the transformation of the
water and wastewater sector, supporting the implementation of sustainable development goals and the
circular economy.
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7.2 How to use the tool?

By using WaterSafe, it is possible to effectively manage wastewater treatment and water
reuse processes in a manner consistent with the principles of the circular economy (CE).

This tool not only supports decision-making, but also contributes to the protection of water
resources and minimizing the impact of human activity on the environment.

Follow the steps below to use the WaterSafe tool effectively for analyzing and upgrading treated wastewater
quality:
ﬁ_r Step 1: Enter WWTP and effluent data

Begin by inputting the relevant wastewater treatment plant data (Figure 50). Provide current
effluent parameters, including concentrations of key water quality indicators (e.g., BODs, COD, nutrients),
and if possible, more about pathogens, micropollutants, etc.

ﬁ_r Step 2: Select the target water quality class

Choose the desired water quality class you aim to achieve. This can be based on intended use (e.g.,
irrigation, discharge to surface water, industrial reuse) or relevant legal/regulatory frameworks.

interreg-baltic.eu/project/renutriwater 81



ﬁ_r Step 3: Automated analysis by WaterSafe

Once data is entered, WaterSafe will automatically compare your effluent parameters against
applicable EU legal standards. It will identify whether each parameter is within legal limits, below the
required threshold (substandard), or above the permissible limit (potentially harmful).

ﬁ_r Step 4: Receive targeted treatment recommendations

For each parameter that exceeds or falls short of the standard WaterSafe suggests the most effective
treatment methods (e.g., filtration, disinfection, advanced oxidation). Additionally, the system provides
a comprehensive treatment strategy that optimizes simultaneous correction of multiple parameters,
efficiency in terms of cost and technical implementation.

ﬁ_r Step 5: Review your customized treatment strategy

The result is an optimized, tailor-made wastewater treatment plan, aligned with your selected target
water quality class, regulatory compliance requirements, technical feasibility within your WWTP setup.

-:@:— Tip: Always review the proposed treatment strategy in the context of your local legal environment,
operational capacity, and budgetary limitations before implementation.
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Figure 50. Data entry template
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8 Guidelines on risk assessment

Every application must be safe, so a reliable risk assessment is crucial.

Risk management in water management is not a new issue. However, the methodology must be adapted to
the city's specific water use needs.

There are no precise guidelines for urban applications, but it is worth relying on the following documents:

» Regulation (EU) 2020/741 of the European Parliament and of the Council of 25 May 2020 on minimum
requirements for water reuse.

The regulation presents the principle of managing the water recovery system from municipal wastewater
and reclaimed water use in agriculture (Figure 51). Compliance monitoring is an essential element of the
system. It will be an important source of data in our risk assessment.

{} {} compliance with

b the Urban competent
Wastewater authority
Treatment
4 Directive i @
|—_'_—'—'—'-| B
urban wastewater T facility/\/\./‘\/_\/_\ " point of
treatment plant compliance

transport storage

Figure 51. The conceptual diagram of the process of reusing water from municipal wastewater in agriculture,
according to the Regulation 2020/741

Risk management is defined in the Regulation as an inherent element of the functioning of water recovery
systems. The preamble states that risk management should comprise the identification and management
of risks in a proactive way and should incorporate the concept of producing reclaimed water of a specific
quality required for particular uses. It is crucial to develop a risk management plan.

The regulation introduces useful definitions

Annex Il contains a list of actions that should be taken to mitigate the risk when using water recovered from
sewage for agricultural purposes. Key elements of risk management include:

1. Description of the entire water reuse system,

2. ldentification of stakeholders,

3. Identification of potential hazards,

4. ldentification of the environments and populations at risk,
5

Risk assessment preceded by an analysis of the environmental and social situation. Many EU legal acts
are referred to at this point; it is necessary to consider whether they must be considered.

o

Considering the need to introduce stricter requirements than those specified in the Regulation.
7. Identification of preventive measures.

8. Adequate quality control systems and procedures.
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https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32020R0741;

9. Environment monitoring to provide quality feedback.
10. Appropriate systems to manage incidents and emergencies.

11. Ensure that coordination mechanisms are established amongst different actors to guarantee reclaimed
water's safe production and use.

» European Commission Notice Guidelines to support the application of Regulation 2020/741 on
minimum requirements for water reuse 2022/C 298/01.

The Guidelines explain and develop the provisions of the Regulation. They organize the risk assessment
methodology described in the Regulation and transparently present the following steps to build a risk
management system. The Guidelines detail recovery for agricultural purposes, focusing on qualitative,
quantitative, and technological issues (Figure 52). Some tasks go beyond our needs; we will use some
system elements proposed in the Guidelines.

KRM1: System Description | Describe the System |

Define Parties involved

KRMZ: Actors & Roles and responsibilities
Module Il
Risk Assessment
|
KRM3. Hazards | KRMS: Risk
Identification Health and Assessment
Environmental
KRMY: Exposure
Bt act Ve Risk Asslusmnt
identification of KRME: Additional
Additional Parameters Reguirements
|
ERMT: Preventive
Identification of
Praventive Measuras
v

KRME: Quality KRMS: Ervironmental
Conltrol (QC] System Maonitoring System (EMS)
KRM10. Emergency CWE' rd"'l'ms’t'm'cﬁ ke KRM11:

Management Coordination

Communications
Protocols

Figure 52. Water reuse key risk management elements (KRMs) organized into four modules to aid the
formulation of a risk management plan, as presented in the European Commission Guidelines
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» Water safety plan manual: step-by-step risk management for drinking-water suppliers, second
edition, World Health Organization, 2023.

The Water safety plan manual provides practical guidance to support the development and implementation
of drinking water safety planning in accordance with the principles of the WHO. The manual is a mature risk
management scheme in drinking water supply that has been refined over the years. Its principles have been
reproduced in the Regulation and the Guidelines.

»  Sanitation Safety Planning Manual for Safe Use and Disposal of Wastewater, Greywater and Excreta,
World Health Organization, 2016.

These guidelines are addressed to entities wishing to safely use wastewater and gray water. Although this
is not our goal, the principle of building a risk management plan is clearly described and has inspired us to
continue working. Moreover, the proposed risk matrix became the basis for further work on risk assessment
in ReNutriWater project.

» 1SO 20426:2018 Guidelines for health risk assessment and management for non-potable water reuse.

ISO (International Standardization Office) document serves as technical guidelines for assessing and
managing the health risks associated with pathogens in reclaimed water. It covers reclaimed water's
production, storage, transportation, and use. It applies to the use of reclaimed water made from any source.

ISO presents a simple procedure based on WHO guidelines. It proposes risk matrices and microbiological
parameters that should be monitored. The disadvantage of the document is that access to it is paid.

The scope of the Reclaimed Water Safety Plan

Risk management based on pilots should include the steps described below.
1. Assemble the team

e What are the surroundings of the WWTP?

e What competencies do we need?

e Who do we want to involve?

The team responsible for risk management is crucial to the system. It must consist of people who know the
technology but also end users. Itis very important to invite other stakeholders who may be influenced by the
pilot's actions or who may affect its functioning. It is necessary to attract people from public administration,
science, agriculture, industry, and NGOs representing nature and citizens.

It is essential to identify all the parties involved in the water reuse system and define their roles and
responsibilities.

2. Describe the pilot (processes)

It includes a description of the entire water recovery and reuse system, from entering treated wastewater

into the pilot to the point of use. It also covers the urban wastewater treatment plant data, used technologies,
and end users. Figure 53 presents an example of dividing the process into stages.
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3. Identify hazards and assess the risks
This stage is crucial in identifying threats and hazardous events. The following definitions ca be used:

e Hazard: a biological, chemical, physical or radiological agent that has the potential to cause harm to
people, animals, crops or plants, other terrestrial biota, aquatic biota, soils or the environment in
general [Article 3 (7), Regulation (EU) 2020/741]. Hazards may have several types and must be clearly
described and parameterized.

¢ Hazardous event: an event in which people are exposed to a hazard within the system. It may be an
incident or situation that introduces or releases a hazard to the environment in which humans live or
work, amplifies the hazard's concentration, or fails to remove a hazard from the human environment
[WHO, 2016a]. So, we can understand this as an adverse scenario that may happen at the pilot's work
or in its surroundings. They will be related to direct or aerosol contact of people and animals with
reclaimed water and the impact of reclaimed water on plants and soil.

e Risk: a combination of the likelihood of occurrence of harm to health and the severity of that harm
[ISO 20670:2018]. In our methodology, the combination is understood as the product of multiplying
probability (P) and severity (S). Thus, Risk R=P*S.

Risk assessment begins with identifying hazardous events, i.e., building scenarios. Then, hazards are
assigned. The risk associated with the physical characteristics of pilots, microbiology, and physical chemistry
of reclaimed water is essential. Threats are divided into four categories:

Q Physical — quantitative (too much/not enough water)

Ph Physical — damage of infrastructure

M Microbiological

CH Chemical (physicochemical)

Certain events can trigger different types of hazards.

Studies and tools (WHO) propose verification scenarios (hazardous events).

We can assess risk based on qualitative, semi-quantitative or quantitative methods.

The quantitative method involves assessing the probability and consequences of risk occurrence, giving
them specific parameters. The advantages of quantitative methods are the objectivity of the results, thanks
to which they can be compared, and the results have a financial and percentage dimension. It requires very
detailed data, which we do not have.

A qualitative method is subject to greater subjectivity and, therefore, error, but on the other hand, it is much
easier for the team. The qualitative method involves an individual risk assessment based on experience and
good practices. This method uses subjective measures and assessments such as descriptive levels (low,
medium, high). The advantage of qualitative methods is that there is no need to quantify the effects and
frequency of threats. Based on this method, we indicate general risk areas that require attention. We can
use it in the absence of specific information and quantitative data or resources. We will then assign specific
numerical values to specific probability and severity. Thanks to this, we will obtain a semi-quantitative
method. Therefore, both ISO and WHO indicate that the use of this method is justified (Figure 54).

Insignificant Minor Moderate Major \ Catastrophic
1 2 _ 4 | 8 . 16
o | Very unlikely 1 1 2 | 4 | 8 16
a | Unlikely 2 2 4
(=] I
2 Possible 3 | 3 6
£ | Likely 4 4 8
= Almost Certain 5 | 5 _ 10
Risk Score R= (L) x (S) <b 7-12 13-32 >32
Risk level _ Low Risk | Medium Risk Hi_g_h Risk Very High Risk

Figure 54. Semi-quantitative risk assessment matrix as proposed by WHO and ISO
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The entire team must have a similar understanding of risk categories. This is not easy due to the different
specializations of team members and an inevitable subjectivity that cannot be entirely eliminated. The
description of the categories (to complete).

Once hazards and hazardous events have been identified through a risk assessment, a risk management
plan should be developed to minimize potential adverse impacts on end-user health and the environment.

Reliable development of scenariosis the most essential task. Moreover, as a result of work on risk assessment,
we will determine whether the adopted matrices meet our needs or whether they need to be modified.

The number of scenarios depends on the functionality of the pilots. However, our goal is to develop the
most typical scenarios that can be detailed in further works.

4, Develop and implement an improvement plan to minimize risk

Once hazards and hazardous events are identified through a risk assessment, a risk management plan
should be developed to minimize potential adverse health impacts on end-users and the environment. The
risk management plan describes how maximum inherent risks for a specific application are managed and
which control measures need to be implemented to reduce residual risk to a minimum or acceptable level.

Having selected the hazardous events needing additional control with maximum activities that will
lead to risk reduction should be undertaken. We will create an action plan for each pilot that will help
increase his safety. This may be a research procedure, additional analyses, operating instructions, internal
communication plan, etc.

5. Develop and implement operational monitoring (control measures)

The monitoring plan must provide information on the quality of the reclaimed water. It is an important tool
for risk mitigation.

6. Develop a communication and management plan

Management and communication procedures are essential in both standard and incidental conditions as
well as in emergencies.

e A standard operating procedure is a set of instructions that guides personnel in performing routine
tasks under normal or incidental conditions.

* An incident is a non-standard event requiring corrective action. It is particularly important because
it provides operators with knowledge about unusual situations and enriches the experience of pilot
operators.

e Emergencies usually occur unexpectedly and require immediate and extensive action.
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9 Business models

9.1 Introduction to business models

Current wastewater reclamation technologies yield sufficient results in terms of quality and efficiency.
However, implementing wastewater reclamation and reuse in wastewater treatment plants is complex due
to technical, economic, and social barriers. A crucial aspect of wastewater reuse implementation involves
the investigation of water sector market conditions and analyzing viable pathways for its adoption. To
achieve this, business modeling (BM) may be employed as an efficient method of market research and
strategy conceptualization. A business model is a framework that describes how an organization generates
value. It explains how a company serves its customers, earns revenue, and manages its operations.

In the ReNutriWater project, we conduct business modeling using a business model canvas (BMC)
methodology, a conceptual framework for developing, describing, and analyzing business models. It
facilitates the innovative exploration of business models in an intuitive visual way. BMC is constructed from
nine building blocks representing critical business case aspects, organized into four pillars: ‘product/value
proposition,” ‘financial aspects, ‘customer interface,” and ‘infrastructure management.” All BMC building
blocks and their definitions are combined in Table 34. Defining all of the pillars and building blocks for the
given case study allows for a comprehensive economic and business analysis, facilitating the development
of a design that can be effectively applied across various economic sectors.

Table 34. BMC building blocks and their definitions

BMC Building block Definition

Customers This category identifies the different groups of customers or
organizations an enterprise seeks to target based on shared
needs and behaviors.

Value proposition The value proposition category explains why customers
select one company over another. It is characterized by a
combination of products and services that deliver value to a
specific customer segment.

Channels The channels category refers to the methods and pathways a
company utilizes to engage with its customers and deliver its
specific value proposition.

Customer relationship Customer relationship emphasizes the nature of the
interactions and relationships a company establishes with

each of its customer segments.

Revenue stream The revenue stream refers to a company's income from its
business activities.

Key resources The key resources building block identifies the critical
resources and assets required to implement and support the
business model.

Key activities The key activities involve the main actions that should be
implemented and are related to achieving the organization's
business goal.

Key partnerships The key partnerships block identifies the business's key
stakeholders and strategic alliances.

Cost structure Cost structure represents all the operating expenses
associated with the implementation of the business model.
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9.2 Sustainable business models for the water sector

Compared to traditional business models, sustainable business models (SBM) also consider environmental
and societal aspects of the business despite the pure economic evaluation, so reaching the so-called
“Tripple bottom line”. Nowadays, sustainable business models aim for more than just benefit society and
the environment — they also provide a strong foundation for an organization's competitive advantage.
Implementation of SBM may result in benefits for the organization in the long run, namely:

* Increased resilience of operations

e Better image enabling new cooperations

e Enhanced innovations

* Increase in resource management efficiency

The water sector holds significant potential for implementing and developing new SBM, mainly due to its
high potential for resource recovery, including water nutrients and energy. If designed well, a sustainable
business model for wastewater treatment plants can play a crucial role in boosting the local economy while
enhancing the quality of life for the surrounding community.

BMCis awidely used approach for developing SBM in various economic sectors. However, business modeling
in the water sector, especially related to the reuse of reclaimed wastewater, is a relatively unexplored
field. In the ReNutriWater project, we apply for this purpose a slightly modified version of BMC, which is
extended about two building blocks:

e Social impacts and benefits
e Environmental impacts and benefits

Social impacts and benefits refer to a business's effects on people, communities, and stakeholders. These
include job creation, social equity, public well-being, and community engagement. Businesses that prioritize
fair labor practices, education, and stakeholder collaboration can enhance trust, resilience, and long-term
value by keeping best employees. Environmental impacts and benefits relate to how a business affects
natural resources and ecosystems. Positive impacts include reducing pollution, conserving resources, and
adopting circular economy principles, while negative impacts may involve emissions and waste. Sustainable
practices improve efficiency, regulatory compliance, and brand reputation while supporting long-term
business success. Such BM framework enables a holistic approach towards the topic and puts emphasis on
the sustainable aspects of the organization. The BMC template used in ReNutriWater project is shown in
Figure 55.

Environemntal impacts and benefits | [Social impacts and benefits
Partners & | | Key activities %ﬂﬁ Value Customer  oaa | Customer gg
proposition relationships Segment
Resources Channels (j‘é’m

Cost structure ﬁ Revenue streams @

Figure 55. Template of business model canvas used in the ReNutriWater project according to
Canva Business Models
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9.3 Business models of the ReNutriWater project

To construct business models, we applied four following steps:

1. Desk research and literature review about business models modeling and potential business models in
water sector.

2. Designing a questionnaire encompassing all BMC building blocks and additional guiding questions.
3. Conducting a semi-structured in-depth interview with managers of seven pilot plants.
4. Elaboration on obtained data and construction of 7 business models using BMC framework.

Gathered data and developed business models allowed for the preparation of individual business models
designed for specific project partners and the deduction of universal business models applicable to model
wastewater treatment plants. Further elaboration on business models allowed for the development of a set
of strategies and road maps for implementing water reclamation and water reuse.

9.4 Outcomes of Business Modeling in ReNutriWater project

The business model development process within the ReNutriWater project produced significant findings
aimed at promoting water reuse practices in the Baltic Sea region, through a structured and stakeholder-
oriented approach. One of the key outcomes was determining the value proposition of reclaimed water,
highlighting its potential to provide an alternative water source for various applications, including
agricultural irrigation, industrial processes, urban landscape maintenance. By emphasizing the economic
and environmental advantages of reclaimed water, we demonstrated its potential to reduce freshwater
dependency, enhance resource efficiency, and contribute to circular economy objectives.

On the other hand, several barriers were identified affecting the implementation of water reuse, which
include regulatory and policy-related limitations, technological challenges in ensuring water quality,
economic hurdles such as high investment and operational costs, and societal acceptance concerns due to
perceived health risks and cultural perceptions. Additionally, the absence of standardized frameworks for
evaluating water reuse projects and the lack of financial incentives were highlighted as critical challenges
requiring attention.

To effectively address these barriers, we developed and proposed strategies tailored to different areas
within the Baltic Sea region, including rural, urban, and industrial contexts. The process of business model
development was enriched by a strong focus on the perspective of wastewater treatment plant managers,
whose insights and opinions were gathered to ensure practical relevance and feasibility of the proposed
strategies. Their feedback provided an understanding of operational constraints, economic considerations,
and regulatory challenges associated with implementing water reuse systems. Moreover, a holistic
collection of stakeholder opinions allowed us to incorporate diverse viewpoints and ensure that proposed
business models are robust, adaptable, and capable of addressing the multifaceted challenges of water
reuse. Ultimately, the ReNutriWater project laid a comprehensive foundation for developing effective and
sustainable business models that enhance water reuse practices across various contexts, contributing to
the broader goals of resource efficiency and circular economy principles in wastewater management.
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10 Education, awareness building — good practices

This section highlights the significance of increasing awareness and promoting education about the safe
and effective reuse of wastewater. It provides a comprehensive guide to understanding both the technical
and social aspects of wastewater recycling, with the ultimate goal of making it an accessible and responsible
practice for communities, industries, and individuals. The aim of this part is to exchange experiences and
viewpoints on thematic areas and project-relevant issues.

10.1 Terms to be used in communication

» Define key terms in simple and accessible language to ensure clarity for all stakeholders (e.g.,
"reclaimed water," "safe reuse," "nutrient recovery").

» Avoid jargon and technical terms when speaking to the general public. Use relatable and positive
framing (e.g., "purified water" instead of "treated wastewater").

» The phrase 'yuck factor' should be avoided. Instead of using the term, one could say i.e. “overcoming
potential societal hesitation".

» Address potential concerns with clear and reassuring language, emphasizing safety, sustainability,
and benefits.

» Provide a glossary of commonly used terms to maintain consistency across communication materials.

10.2 Stakeholder meeting scenario

Successful implementation of water reuse projects often hinges on the active engagement and support of
diverse stakeholders, including policymakers, water utilities, industries, and the public.

Stakeholder — a person or a group of persons, institutions, associations, or firms that can become involved
in the project, directly or indirectly, positively, or negatively.

The process of involving stakeholders may be structured as presented in Figure 56:

Long term
Analysis Communication collaboration

platforms

Mapping and

Identification

Figure 56. Engage stakeholders

@ Stakeholder identification and stakeholder engagement are crucial steps for the effective
organisation and implementation of the stakeholder meetings. Achieving a balanced representation
=7 of stakeholders, can be conducive to both the implementation and policy improvement.

In the project, we focused on four target groups:

e Infrastructure and public service providers, mainly urban wastewater treatment plant operators,

e Local public authorities (municipalities),

e Small and medium enterprises (SME) from tourism (hotel operators) and technology providers.

* Interest groups, organizations interested in this challenge.

However, it should be borne in mind that there are many more stakeholders:

e General Public: homeowners, communities, and local citizens.

e Businesses and industries, especially those in water-intensive sectors (e.g., agriculture, construction).
e Schools and universities — engaging youth for long-term impact.

e Local authorities and policymakers — to support and create regulations.

e Water treatment professionals — to ensure technical expertise.
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One of the way to identify and engage stakeholders is mapping. The main benefit of mapping is to get a
visual representation of all the people who can influence your project and how they are connected.

Start by identifying all the potential stakeholders — people, groups, or organizations affected by your
project, those who have influence over it, or have an interest or concern in its success. At this point, try
to be as detailed as possible. You can always eliminate those that don’t fit but also add others in the later
stage of the project.

Web search and brainstorming are both complementary methods. In order not to miss anyone, the following
scheme may be used (Figure 57).
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Figure 57. Stakeholder mapping

f% Analysis

Categorizing them in terms of their relationship to the project and each other is useful for further
communication and planning efforts. Prioritizing the stakeholders according to those who have power and
can influence your project, and those who have an interest in your project. Depending on the stakeholder’s
position on the power-interest grid, you can decide on what actions to undertake (Figure 58).

Power-Interest Grid

High
Keep satisfied Manage closely
Power
Monitor with minimum Keep informed
effort
Low
Low Interest High

Figure 58. How to take care of stakeholders
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e High influence, high interest
These are the most important stakeholders, the ones who can determine whether a project succeeds
or fails.

e High influence, low interest
These stakeholders have power, but as long as you keep them informed and satisfied, they won’t feel
much need to exercise it.

e Low influence, high interest
Keep these stakeholders adequately informed and talk to them to ensure that no major issues are
arising. These people can often be very helpful with the details of your project.

e Low influence, low interest
Monitor these stakeholders but do not bore them with excessive communication.

To learn more about your stakeholders and discover how they feel about your project, several methods
can be applied: attitude research (questionnaires), workshops, open meetings, interviews, thematic focus
groups, etc.

No one guarantees that every stakeholder will end up supporting you. However, the more people and
community leaders you can win over, the better your chances of success become. Communication is
essential. Bring stakeholders in as early as possible and give them a right amount of information depending
on their level of interest and involvement.

EEX) Developing a communication plan
=7 Tailored communication:

1. Developing targeted messages and communication ways that resonate with different stakeholders:
Face-to-face, online, event, phone, nonformal event. Right amount of information depending on their
interest and involvement in the project.

2. You should be clear about whom you are engaging with and why. Stakeholder communication plan
should consider interests, benefits, impacts and powers of the stakeholders and determine the time
and the level of the participation.

3. Stakeholders may vary widely in every aspect, so for every type of stakeholder you should define the
best way of communication. For example, for some stakeholders, face-to-face meetings are the most
effective means for communicating and resolving issues, but for some face-to-face meetings may not
be practical.

4. Communicating earlyisimportant because people will need more time to think before making a decision.

Give each stakeholder a right amount of information depending on their interest and involvement in
the project. Some people need just an executive summary, while others will want to dive deeper.

A few practical examples of communication work with stakeholders from SCCIC experience in the
ReNutriWater project:

e Tailored to audience seminars and trainings. Tailored means different format and content for different
audiences: decision makers, youth, interest groups, businesses, community.

¢ Individual meetings with the high influence representatives of the target group.

e Communication to policy makers at EU level.

e “Knowing by seeing” — organising of stakeholders’ visits to pilots in other countries.
e Community involvement: Public events, workshops, competitions.

e Social media, communication campaigns to break psychological barriers.

e “Catching the audience” of other events/trainings and short presentation of project
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é& Developing the agenda and invitation

A well-structured agenda can help partners prevent potential conflicts and stakeholder fatigue
which can undermine the purpose and the outcomes of the SMs, by including interactive sessions, selecting
topics tailored to the audience, while ensuring equal time to different stakeholders to share their insights.

Some tips for developing agenda:
¢ choose a limited number of topics that can be sufficiently discussed throughout the meeting,
e set the total duration of the meeting that it would be better if it does not exceed four (4) hours.

e consider allocating time slots to each agenda item, including presentations, discussions, ice-breaker
activities, and coffee breaks,

¢ |eave time available for the contributions of different sets of stakeholders, representing companies,
public administrations, and academia

@ Meeting and its logistics
Assign roles and responsibilities: Moderator, Presenter, Timekeeper, Minute-taker
Format: Hybrid (in-person + virtual) to ensure wider participation from remote stakeholders.

Use of interactive tools (e.g., whiteboards, polls, or online collaboration platforms): to gather input and
ideas during the meeting and to facilitate interactive discussions rather than one-way presentations.

Materials: Presentation slides to introduce key concepts and data. Handouts or a resource packet with
detailed information on wastewater types, treatment technologies, and case studies. Brainstorming
templates or flipcharts for note-taking during discussions.

Time Allocation: Keep the meeting interactive and concise (about 90 minutes to 2 hours) to ensure active
participation without overwhelming attendees.

EES Establishment of long-term platforms for collaboration with stakeholders

One of the most challenging and as well pressured way to collaborate with the stakeholders is to
organise and manage the long-term collaboration platforms. There are many different platforms created for
cooperation with stakeholders in different sectors such as:

e Local supportive groups;
¢ Multi-stakeholder platforms;
e Networks;

¢ Social platforms, etc.
LI

'@\ Useful recommendations:
e The stakeholders have to benefit from participating.
¢ Do not raise infeasible expectations.
e Clarify at the beginning the rights and duties, be open and transparent.
e Build up trust between the involved stakeholders.

¢ Not more than 15 persons are recommended. If needed, involve more stakeholders in subordinated
groups or an open forum.

¢ Involve your regional/national funding authority as they can provide information about regional/
national priorities and funding opportunities.

e Bring public and private stakeholders with different needs together and make them understand each
other’s needs.
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e Do not duplicate structure: if you have something comparable to a platform, add activities and
stakeholders if needed.

e Have a skilled ‘neutral’ moderator in charge.
e A successful platform requires time and a thorough preparation!

v1.7

-@i— Ideas to think about

-

Monitoring and flexibility, perception that “A one-size-fits-all approach” doesn't work is a key factor
of success.

Continuously assessing stakeholder satisfaction and adapting strategies as needed will lead to change.
Building trust: institutional and personal enables effective process.

The impact of smaller steps leads to a big change in a long term.

Post-meeting actions

Communicate with participants: Set up a shared online platform (e.g., email list, group chat, or collaboration
tool) for ongoing updates and coordination.

o

w Good examples of a good conversation

Solution-Oriented Approach:
Shift focus from problems to possible solutions and benefits.

Clear and Positive Messaging:
Frame discussions around safety, efficiency, and environmental benefits rather than risks or constraints.

Use of Testimonials:
Share success stories from similar projects to build trust and credibility.

Handling Misinformation:
Address misconceptions respectfully, using data and real-life examples to clarify doubts.

Don't make up:
If you don't know, do not guess or make up facts, but admit that you do not know the answer, but you can
try to find out.
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11 Summary and recommendations

The project turned out to be an extremely interesting challenge for the project partners. It is impossible
to build success without the involvement of various entities (Science, Business, service providers, policy-
makers, etc) and diverse stakeholders. It is an excellent introduction to further work on the implementation
and safe use of reclaimed water in the Baltic Sea Region (Figure 59).

When choosing a technolog
it is essential to consider
3 main aspects:

Ecological

context SUSTAINABLE
Regulatory DEVELOPMENT
aspect REPLENISHMENT
. OF WATER
SHORTAGES

COSTS REDUCTION:

- drinking water consumption
- sewage discharge

LAWS / LEGISLATION: Economic & &

- Water Withdrawal Limits
- Wastewater Discharge Limits consequences
- Zero discharge of liquid waste

Figure 59. Project contexts

Figure 60. Project consortium in Jirmala, Latvia 2024

We dedicate this manual to all those who see recovery as an opportunity to reduce
the consumption of natural resources.
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