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CONTESTO GENERALE

Veniamo da un quadriennio cruciale per RIVEDERE/RINNOVARE settore idrico in Unione Europea

Fertiliser Regulation " Parole Chiave
(STRUBIAS) Circular Econom
Approval Drinking Water Directive Action Plan ! 1- DECARBONIZZAZIONE
New Circular Economy Apnroval The European 2-RESILIENZA
Action Plan (CEAP) Resilience of Critical Entities P 3-ECONOMIA CIRCOLARE
Adoption Revision 4-ANALISI DI RISCHIO
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1) NEUTRALITA’ ENERGETICA
.

EVIDENZA NEUTRALITA’ ENERGETICA

ASPETTI IN * Ilsuddetto obiettivo dovrebbe essere conseguito progressivamente, con traguardi intermedi, entro il 31 dicembre 2045. Una
DIRETTIVA quantita limitata di energia non fossile, non connessa direttamente alle attivita di trattamento delle acque reflue urbane,
puo essere acquistata a partire da fonti esterne nel 2040 e nel 2045, ricorrendo a una deroga legata a condizioni. Il
raggiungimento della neutralita energetica contribuira in particolare a ridurre le emissioni evitabili di gas a effetto serra del
settore, sostenendo nel contempo il perseguimento degli obiettivi di neutralita climatica entro il 2050 e degli obiettivi
nazionali e dell'Unione ad essi connessi, come quelli fissati nel regolamento (UE) 2018/842 del Parlamento europeo e del
Consiglio
* Le iniziative volte a conseguire la neutralita energetica non dovrebbero tuttavia comportare un aumento delle emissioni di
metano e di protossido d'azoto

EFFICIENZA ENERGETICA NEGLI IMPIANTI DI TRATTAMENTO

3 0& Produzione
\j}\? di energia
@

Q/ -
2 / Risparmio energetico \ =
1 Diagnosi dei consumi energetici
(AUDIT)

Per I'efficientamento energetico degli impianti @ fondamentale

v' la diagnosi dettagliata dei consumireali (AUDIT ENERGETICO)
v' attuare prioritariamente strategie di risparmio energetico

v' sfruttare i casi ove la produzione di energia sia sostenibile
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1) NEUTRALITA’ ENERGETICA

| CORPAS g s TECHNICAL REPORT CEN/TR17614

HOME  PACKTEMATICI PROGETTIERISULTATI VIDEOEPODCAST  NOTZIE  APROPOSITODINOI  RIGERCA RAPPORT TECHNIQUE

TECHNISCHER BERICHT January 2021

Standard method and online tool for assessing and improving the
energy efficiency of wastewater treatment plants 1651206030, 27.015

English Version
EERRYICLEtN Risutatiinbreve  Rendicontazione ~ Risultat

Standard method for assessing and improving the energy
efficiency of waste water treatment plants

DIAGNOSI DEI CONSUMI ENERGETICI = AUDIT ENERGETICO —

Volume 242, 15 May 2019, Pages 897-910 ;
=

U“What gets measure gets managed”

ENERWATER - A standard method for
assessing and improving the energy

3 un dettagliato audit energetico permette di COMPRENDERE (— RIDURRE) 'energy footprint efficiency of wastewater treatment plants

S.Longo®! © i, M. Mauricio-Iglesias %, A. Soares b P.Campo ®, F. Fatone ©, A.L. Eusebi ¢, &

0 effettuare misurazioni significa diventare consapevoli dei consumi

E. Akkersdijk 9, L. Stefani ¢, A. Hospido °

PO ESEMPI

O si stima un 5% di risparmio solo conoscendo i consumi (senza altri interventi)

Qtutti gli impianti di depurazione hanno un potenziale di risparmio energetico ENEN e
& | ——
osservazioni reali — esiste almeno un comparto in cui il consumo energetico pud essere ridotto S

Obbligo attuale per Grandi Imprese, Energivore, secondo Metodi ISO 50001, oppure ISO 140001, oppure EMAS

Fig. 1—-Logo e maschera grafica di dialogo del software DEES - Depurazione Efficienza Energetica e Sostenibilita, sviluppato da ENEA per la definizione

di scenari di efficienza energetica dei processi depurativi. L
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1) NEUTRALITA’ ENERGETICA

- - - - i io: Ejby Mglle — . AE
- elevato risparmio energetico e modifica delle e
filiere della linea acque R WA e

- alta efficienza di conversione (elettromeccanica)

Modulo POWERSTEP (www.powerstep.eu)

1) Separazione spinta a monte del carbonio verso la digestione anaerobica P SNy '~1~ _ Ehrgeticament
2) Efficienza energetica nella linea acque g |
3) Trattamento dedicato dei surnatanti anaerobici (alto carico N e P)

positivo:

Raw wastewatg

eS8 250 000 PE
-37 000 m3/d Winter
-23 000 m3/d Summer

i | +80-150% Power P d i ) d
- = l roduzione energia da
+80-150% . .
il m cogenerazione biogas>>50-100%

CHP HEAT TO POWER

OWETSIep T : S SAAS del consumo elettrico
= &?ﬁmST%fo o o g . . .
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http://www.powerstep.eu/

1) NEUTRALITA’ ENERGETICA

Strategie di ottimizzazione/intensificazione del

processo di digestione anaerobica Con ispessimento dinamico
Riduzione delle portate
. . . Fango primario, Fango secondario,
-> Verifica delle condizioni operative (HRT, SRT, ca. 2-3% ca. 1%
temperatura..)
l l Incremento HRT in digestione
-> Valutazione configurazioni di processo , — , ——
. . . Ispessimento dinamico Ispessimento dinamico
alternative e mescolamento: fase singola/doppia ca. 4% ca. 5-8%
fase/plug-flow Incremento Efficienze di rimozione
dei solidi e contestuale produzione
. . biogas -> riduzione fanghi smaltiti
->  Eventuali  pretrattamenti  (aumentare
ca. 3-4%
. . . . . ttimi i dei bilanci t ici
-> Co-digestione anaerobica (rifiuti organici Ottimizzazione dei bilanci termici
AR . . i anche durante periodi piu freddi
urbani, rifiuti prodotti dal settore primario...)
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1) NEUTRALITA’ ENERGETICA
.

Anaerobic
™| digestion
Thermal Aerobic Conditioning/ | tand
™| hydrolysis [ ] digeston [ | [ |dewatering [ application
T E i Alkali Drying/ i
nzymic ali ryin == beneficial
rattamento Sludge, ™| hydrolysis [ || | stabilization ™| [ | pelletization [ e

b

fanghi: molte o
co m bi n a Zi O n i —= DDerm;?zjatiOn [ Fertilizer
disponibili

| Pasteurization f=-| | Incineration Lo Gasification s == Energy/oil

Anaerotic .
> digestion = | Composting f=s - Landfill

pretreatment
(ultrasonic,
shear, etc)

Other

= .

processing

Pretreatment Treatment Posttreatment End use
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1) NEUTRALITA’ ENERGETICA
.

Courtesy of Nicola Frison

Pretrattamento Descrizione Range tipici di lavoro Benefici

Idrolisi termica Processo che utilizza il calore per romperei Temperatura: 150-180°C; Tempo: Fino al 30% in piu come
legami organici complessi nei 30-60 min; produzione di biogas;
fanghi, rendendo i substrati piu
facilmente biodegradabili per i
microrganismi.
Idrolisi chimica Aggiunta di reagenti alcalini per alterare la pH 12-13 per 1-2 ore; Fino al 50-60% di rimozione della
struttura del materiale materia organica
organico migliorandone la Temperatura: 60-100 *C
digeribilita
Ossidazione ozono Aumento della biodisponibilita mediante Dose di ozono: 1-10 g Os/g Fino al 25-40% nella rimozione di
ossidazione dei composti organici sostanza secca; Tempo: 10-60 materia organica
complessi min
Trattamento con Aumento della biodisponibilita mediante Frequenza: 20-40 kHz; Potenza: Fino al 20-30% in pil di biogas
ultrasuoni I'azione delle onde acustiche ad alta 20-100 W/L; Durata: 10-60 min
frequenza
Trattamenti Trattamenti fisici, come tritura e Pressione: 10-100 bar Circa 10-15% in piu come
meccanici pressatura, che aumentano la superficie produzione di biogas
con modifica della di contatto dei materiali organici con i
reologia microrganismi, migliorando la digestione.

Svantaggi:

* Necessaria valutazione su impatto energetico, consumo di chemicals....;

* Alcune tecnologie richiedono competenze specifiche;

» Effetto sui ritorni di azoto, fosforo e sostanze recalcitranti -> valutazione impatti nella linea acque

* K ..
*
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4°
Livello

Water Research 261 (2024) 122037

Contents lists available at ScienceDirect

Water Research

ELSEVIER

journal homepage: www.elsevier.com/locate/watres

Review
Interconnection between renewable energy technologies and water
treatment processes

Am Jang

Department of Global Smart City, Sungkyunkwan University (SKKU), 2066 Seobu-ro, Jangan-gu, Suwon-si, Gyeonggi-do, 16419, Republic of Korea

Paula Jungwon Choi, Jechan Lee ,

ARTICLE INFO ABSTRACT

Keywords
Altemative energy
Carbon neutrality
Hybrid system
Sustainable process

The renewable-energy-based water-energy nexus is a promising approach that contributes to climate change

mitigation. Increasing concerns on GHG emission and energy demand, policies have been implemented in many

countries to make use of renewable energy as much as possible. Renewable energy technologies can be directly

employed in luding membrane-based (e.g.. reverse osmosis (RO) and membrane

Aiesillasinn PRI and stharmal hacad fa n mulsicrama fach Aiesillarian (ST and multieffect distillation (MED))

Journal of Cleaner Production 279 (2021) 123811 processes (RO, MD, and MED) are
atter desalination processes have

Contents lists available at ScienceDirect

leaner
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Journal of Cleaner Production

journal homepage: www.elsevier.com/locate/jclepro
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A review of energy optimization modelling tools for the )
1 1 Chack for —
decarbonisation of wastewater treatment plants peely o 100
_—
Shalini Nakkasunchi *°, Neil J. Hewitt *, Claudia Zoppi ", Caterina Brandoni * c
* Centre for Sustainable Technologies. Belfust School of Architecture and the Built Environment, Faculty of Computing. Engineering and the Built .D 0]
Environment, University of Ulster, Newtownabbey, County Antrim, BT37 0QB, United Kingdom 'E
B Aser Spa, Wastewater Utility, Via Enrico Mattei 17, Fano, PS, 61032, Italy s
=
ARTICLE INFO ABSTRACT E &0
=
Article history: Wastewater treatment plants strongly contribute to the Greenhouse Gas emissions of the water industry =1
Received 23 January 2020 and are responsible for the 3% of the global energy demand. This proportion of energy is expected to =1
Received in revised form double in the coming decade. It is therefore important to correctly investigate the optimal use of energy ; 40
.‘\CCJ:D{M 15 August 2020 in wastewater treatment facilities that can reduce their Greenhouse Gas emissions. A review was u
Avail developed on modelling tools that can be used for the analysis of the water-energy nexus in wastewater
wailable online 22 August 2020
facilities, from over 200 research articles collected from different scientific resources published in the last
Handling Editor: Jiri Jaromir Klemes 15 years. The aim was to analyse the state of art of ex:slmg tools to provide an aid for researchers and 20
professionals to identify the most suitable tool to i i strategies for

Keywards:
Modelling tools
‘Wastewater treatment
Energy optimization
Energy recovery
Renewable energy

7,
g S

facilities. Studies were grouped on the basis of the main intervention analysed: i) reduction of energy
demand, ii) energy production from and iii) i ion of the available sources

on-site (e.g. PV, hydro). The work developed also provides an overview of the most applicable decar-
bonisation strategies and their potential to reduce the CO, emissions of wastewater facilities. Results [1]
show that identifying the best tool strongly depends on the main aim of the intervention. Existing tools,
in fact, can help to analyse separately either technologies to reduce the energy demand or the integration
of the most common renewable sourees from both wastewater (ie. biogas and heat recover) and
nenewable sources exp]mlahle on site. However, the full demrbﬂmsatmll of wastewater facilities can ﬂnly
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1) NEUTRALITA’ ENERGETICA

Overview of the models on WW treatment energy optimization, Energy recovery technologies and Renewables.

Reference WW treatment Energy Renewable Energy optimization goal Energy Study location
technique TECOVery technology generation
technology
Power et al. (2014) Not specified, however - Micro hydropower Minimization of flow variation Up to 50% Ireland and UK
mainly based on [MHP) and payback
Activated
Chae et al. (2015) - - MHP Effluent flow 0.83% Kiheung Respia WWTP in
Yongin (South Korea
Ak et al (2017) - - MHP Type of turbine and payback 34% Tatlar WWTP in Ankara
period (Turkey)
Chae and Kang (2013) — HP Solar PV and Small  Optimizing size of the energy T—9% electricity Kiheung Respia
hydropower system and over 100% heat municipal WWTP in
Korea
Han et al. (2013) Oxidation ditch - Solar PV 00D, Nitrogen and Phosphorus 100% electricity -
removal
Garcia-Garcia et al. Electro-coagulation and  — Solar cell TOC, COD, Colour and Turbidity — 100% -
(2015) Electro-oxidation remaoval
Hao et al. (2015) - AD and HP  Solar PV Energy generation process upto 603 Municipal WWTP in
Benijing (China)
Brandoni and Activated sludge process AD Solar PV and Wind Optimal combination of energy 33-55% Bahir Dahr, Ethiopia,
Bosnjakovic (2017) and Membrane SOUrCes Africa
bioreactor
Taha and Al-Sa'ed Activated sludge process, AD Solar PV Energy generation process 9-15% WWTPs in Palestinian
(2017) Extended aeration and
Membrane bioreactor
Yang et al. (2020) Anaerobic-Anoxic= Incineration Solar PV Optimal combination of energy ~ Above 40% WWTPs in China
Aerobic (AAD) process and HP generation at source (WW and
renewables)
Nguyen et al. (2020) - - Solar PV, Wind, Optimal combination of Approximately 85% WWTP in Vietnam

— Small-Medium scale
Large Scale
— Any Scale

— Lab scale —— Small seale
— Medium scale —— Medium-Large scale
— Sewage sludge treatment plant
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1) NEUTRALITA’ ENERGETICA
.

Impiego dei modelli di simulazione a supporto dell’efficienza energetica
negli impianti di depurazione.

Modelli di simulazione applicati alla depurazione dei reflui municipali
e Activated Sludge Model (ASM), distinti in ASM1, 2 e 3
* BioWin (www.envirosim.com),
* EFOR (hwww.dhisoftware.com/efor),
* GPS-X (www.hydromantis.com),
* SIMBA (hwww.ifak-system.com),
e STOAT (http://www.wrcplc.co.uk/software)
WEST (www.hemmis.com)

Disponendo di un modello, calibrato sulle prestazioni di uno specifico impianto, € possibile
ipotizzare scenari di gestione o modifiche di processo al fine di valutare soluzioni
implementabili per un efficientamento delle performance impiantistiche, tenendo conto delle
rimozioni di inquinanti e dei consumi energetici.

-_________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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2) RIMOZIONE -RECUPERO NUTRIENTI
.

EVIDENZA RIMOZIONE AVANZATA AZOTO E FOSFORO E RECUPERO FOSFORO DAI FANGHI

ASPETTI IN

DIRETTIVA

E opportuno imporre sistematicamente il trattamento terziario a tutti gli impianti di trattamento delle acque reflue urbane
che trattano un carico di 150 000 a.e. o piu, in quanto detti impianti rappresentano un'importante fonte residua di scarichi
di azoto e fosforo.

preparano al riutilizzo, al riciclaggio e ad altri tipi di recupero delle risorse, in particolare del fosforo e dell'azoto, tenendo
conto delle opzioni di valorizzazione nazionali o locali; Alla Commissione e conferito il potere di adottare atti delegati
secondo la procedura di cui all'articolo 27 per integrare la presente direttiva specificando un tasso minimo combinato di
riutilizzo e riciclaggio del fosforo presente nei fanghi e nelle acque reflue urbane non riutilizzate ai sensi della deroga di cui
all'articolo 15, paragrafo 1

Parametri

Concentrazione

e e | ber tamisuratione. ' RIUTILIZZO E FERTIRRIGAZIONE!

riduzione
(cfr.note 1e2)

Fosforo totale
(cfr. nota 4)

0,7 mg/l
(10 000-150 000 a.e.)
0,5 mg/l

| nutrienti contenuti nelle acque reflue urbane possono essere utili nei casi in cui le acque
reflue urbane trattate siano riutilizzate in agricoltura conformemente al regolamento (UE)
2020/741. In tali casi, gli Stati membri possono beneficiare, a determinate condizioni volte
ad assicurare il massimo livello di protezione dell'ambiente e della salute umana, di una

87,5(10000- 150 000 Spettrofotometrla di
a.e.)
90 (oltre 150 000 a.e.)

Azoto totale
(cfr. nota 4)

10 mg/L
(10000-150000a.e.)
8 mg/l

(oltre 150 000 a.e.)
(cfr. nota 5)

80

(cfr. nota 3) deroga all'obbligo di applicare il trattamento terziario a norma dell'articolo 7 della presente

direttiva solo per la parte delle acque reflue urbane trattate che ¢ riutilizzata in agricoltura.

Nota 2: Se una frazione delle acque reflue urbane trattate é ufilizzata per lirrigazione agricola, i nufrienti contenuti in

tale frazione possono essere inclusi nel calcolo del carico dell'affluente ed essere esclusi dagli scarichi.
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2) RIMOZIONE -RECUPERO NUTRIENTI
.

=
Predenitrificazione
(2-5)Q‘ : _ | _
S aal hil.l.ll ll..“ el L il 5‘
: e W MM A VA ™
(0.7-1.2) Q‘ > Supero |
Aerazione intermittente U | n’
\ ’ \
x LML T Y U VTN i
Q | Effluente
> o AERAZIONE INTERMITTENTE
- Approccio classico-
(0.7-1.2) Q‘ > Supero
+ Ci sono diversi approcci, alcuni brevettati
* Un approccio prevede il monitoraggio in tempo reale dei parametri
indiretti (ossigeno, pH, ORP, NH4, NO3, Conducibilita) per
scegliere quando aerare
* Ottimizzazioni di controllo = -
* Applicazionifasiintermittenti o 1NN T R TIPEY., "
. . . 0 AU A AN A VLS
* Innumerevoli applicazioni su scala reale g\ LB VAT LAY \\{V\"lvﬂk\}u\-;os
" W\ ——
:; A\—//\\_}A Bending point—"_ = --s
15
.00 224 4.48 7.12 9.36 12.00 14.24 16.48 19.12 21.36 0.08
time(h)
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2) RIMOZIONE -RECUPERO NUTRIENTI

Side stream treatment AMMONIA CONCENTRATION IN DIGESTERS

DIGESTER FEED
DRY SOLIDS

Primary Mainstream BIOREACTOR Secondary % wiw DIGESTER AMMONIA CONCENTRATION (mgl)
clarifiers clarifiers V'S DESTRUCTION | 50% | 51% | 52% | 53% | 54% | 55% | 56% | 57% | 58% | 59% | 60% | 61% | 62% | 63% | 64% | 65%
35 850 | 850 | 850 | 900 | 900 | 900 | 950 | 950 | @50 [ 1,000 1,000 1,000 | 1,050 1,050 | 1,050 | 1,100
4 40 950 | 950 | 1,000 [ 1,000 1,050 1,050 | 1,050 | 1,100 | 1,100 | 1,100 | 1,150 | 1,150 | 1,150 | 1,200 [ 1,200 | 1,250
St F— 45 1,050 | 1,100 [ 1,100 | 1,150 | 1,150 | 1,150 [ 1,200 | 1,200 | 1,250 | 1,250 | 1,300 | 1,300 | 1,300 | 1,350 [ 1,350 | 1,400
50 1,200 | 1,200 | 1,250 | 1,250 | 1,300 | 1,300 | 1,300 | 1,350 | 1,350 | 1,400 | 1,400 | 1,450 | 1,450 1,500 | 1,500 | 1,550
: 55 1,300 | 1,300 [ 1,350 | 1,350 | 1,400 | 1,450 [ 1,450 [ 1,500 | 1,500 | 1,550 | 1,550 | 1,600 | 1,600 | 1,650 [ 1,650 | 1,700
; 6.0 1,400 | 1,450 | 1,450 | 1,500 | 1,550 | 1,550 | 1,600 | 1,600 | 1,650 | 1,650 | 1,700 | 1,700 | 1,750 | 1,800 | 1,800 | 1,850
Digester 6.5 1,550 | 1,550 | 1,600 | 1,600 | 1,650 | 1,700 [ 1,700 | 1,750 | 1,750 | 1,800 | 1,850 | 1,850 | 1,900 | 1,900 [ 1,950 | 2,000
veee s WAS, 7.0 1,650 | 1,700 | 1,700 | 1,750 | 1,200 [ 1,800 [ 1,850 [ 1,850 [ 1,900 | 1,950 [ 1.950 | 2,000 | 2,050 | 2,050 [ 2,100 | 2,150
Reject water 75 1,750 | 1,300 [ 1,850 | 1,850 | 1,900 | 1,950 [ 1,950 | 2,000 | 2,050 | 2,050 | 2,100 | 2,150 | 2,200 [ 2,200 [ 2,250 [ 2,300
@ '@ 80 1,900 | 1,900 | 1,950 | 2,000 | 2,050 | 2,050 | 2,100 | 2,150 | 2,150 | 2,200 | 2,250 | 2,300 | 2,300 | 2,350 | 2,400 | 2,450
85 2,000 | 2,050 | 2,050 [ 2,100 [ 2,150 | 2,200 [ 2,250 | 2,250 [ 2,300 [ 2,350 [ 2,400 [ 2,450 | 2,450 [ 2,500 [ 2,550 | 2,600
90 2,100 | 2,150 | 2,200 | 2,250 | 2,300 | 2,300 | 2,350 | 2,400 | 2,450 | 2,500 | 2,550 | 2,550 | 2,600 | 2,650 | 2,700 | 2,750
95 2,200 | 2,250 | 2,300 [ 2,350 [ 2,400 | 2,450 | 2,500 | 2,550 [ 2,600 | 2,600 [ 2,650 | 2,700 | 2,750 [ 2.800 | 2,850 [ 2,900
Side stream 10.0 2,350 | 2,400 | 2,450 | 2,500 | 2,550 | 2,550 | 2,600 | 2,650 | 2,700 | 2,750 | 2,800 | 2,850 | 2,900 | 2,950 | 3,000 | 3.050
treatment 10.5 2,450 | 2,500 | 2,550 [ 2,600 [ 2,650 | 2,700 | 2,750 | 2.800 [ 2,850 | 2.900 | 2,950 | 3,000 | 3.050 [ 3,100 | 3.150 [ 3.200
11.0 2,550 | 2,600 | 2,650 [ 2,700 | 2,800 | 2,850 | 2,900 | 2,950 | 3,000 | 3,050 | 3,100 | 3,150 | 3,200 | 3,250 | 3,300 | 3,350
Rappresentano fino a circa il 25% del carico di azoto e fino al 30% del CONVENTIONAL THP L]

fosforo totale trattato in linea acque; In linea acque il loro trattamento
richiede genera un impatto energetico (> 5 kW/AE y), oltre a volumetrie
di reazione (>40 L/AE).

P e : > n 4
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Short cuts nel ciclo dell’azoto: come?

DENITRIFICATION

=Up to 25% less oxygen requirements

1,71/(1-Y /i
T1(1-Yy) GRS =Up to 40% less external carbon source

PARTIAL) NITRITATION NO, N, =Up to 40% less excess sludge
150, 0)202 Bacteria Heterotrophic | production
INH,*— No2 NO.- =Up to 20% less CO, emissions (?)
AOB B
Bacteria Auto:?gplic =Up to 57% less oxygen requirements

=*Up to 100% less external carbon
ANAMMOX source

=Up to 85% less excess sludge
NH | roduction
no, N | |1 X o
*Up to 90% less CO, emissions
Bacteria Autotrophic

Ideal solution for...

= High nitrogen concentration > 200 mg N/L

"High free ammonia concentration>1 mgNH;-N /L
"BOD/N<2 ...anaerobic digestate!
» High pH (7-9)

"T(>20-25°C)

=
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.

Confronto Processi

0z CoD CO2 Sludge
Processess consumption consumption emission productiont
(kg O2(kgN)") | (kg COD (kgN)") | (kgCOz(kgN)") | (kg VSS (kgN)")

Nitrification-Denitrification

. . . . 457 286 576 1-12 two-stage itritati .
(including bio-augmentation) g Nitritation o
— spatial separation * PANDA -
Partial Nitrification- * SAT .
o 343 1.71 472 08-09 « SHARON® 7
Denitrification (over NOz) a e
nammox -
Partial Nitrification-Anammox 1.71 0 314 <01 D « PANDA* (susp. BM) e
. * ANAMMOX® (gran. BM) Pt Diffusion limited
aMethanol was used as carbon source, the values were obtained from Eq. 1.20, 123 and 1.24. « Moving Bed (Biofiim) e - DeAmmon (Moving Bed)
b 7 + CANON/OLAND (RD)
MUIder: 2[]{]3 P - SNAP (Submerged Fixed Bed)
7 * ANAMMOX® (gran. BM)
o g * PNAA (susp./gran. BM)
Conventional | ANAMMOX® g : : .
treatment - - Intermittent aeration s|ng|e-stage
- * DEMON® (SBR) . . )
Power 3-5 1-2 kWhikg N e * DIB (Moving Bed) Temporal separation / diffusion
Methanol 25-3 0 kg/kg N
Sludge 0.5-1.0 0.1 kg VSS/kg More than 100 full scale plants for side-stream treatment
production N
CO, emission > 4.7 0.7 kg/kg N
Court Y Schneid
Total Costs' 3-5 1-2 €/kg N ourtesy fvonne schneider

! Total Costs includes both operational cost and capital charge

[T

t y( 77% *
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STRASS WWTP DEMONSTRATION (Full-Scale)

v v
Preliminary /

Treatment 3 4 A Staga /4

v

VU
01)
w
P
)
«Q
(4]

4 -,
WAS
WAS
< S Overflow
i B
WAS -
-,
7~ ™\ Cyclone
Underflow
Qverflow

Bott, 2013
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= The A Process:

- High Rate Activated Sludge

0.5 Hr HRT; 12-18 Hr SRT

Particulate, Colloidal & SOLUBLE Organics
Removal Without Chemical Addition

« Rapid Transfer from Aerobic Conditions to
Anaerobic Conditions for Thickening
Preserves Organics

Contents lists available at ScienceDirect

Journal of Water Process Engineering

ELSEVIER Journal homapage: www.alsavier.com/locate/]wpe

m
Aerobic granular sludge-based wastewater treatment: Current trends, e |
formation, applications, granulation, efficiency, and bottlenecks
Pingili Vydehi™ , Gobinath Ravindran®, G. Shyamala™ , 5. Ramesh*

* Dpartment of Cénl Engineering, SR University, Warngal, Telangona 560371, mma
b University r_nmr)’ r Resoarch ..aug Mpﬂe dew Muhaki, 140413, India

© Department af Civil Engineering, K. 5. Rangasamy m;,m,r Fano.loy m i 637215, India

Fa%, Universita
f degll Studi q mena
< diPalermo
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Bl: Shorteut
nitrification and
denitrification

Cho etal., 2011 Viaeminck et al., 2009 Lopez et al., 2005
ISAH Tang etal., 2013 www.wrights-trainingsite.com

B-System: Sustainable Nitrogen Removal

= High Efficiency Strip Panel Aeration

= Ability to Remove Nitrogen Cost
Effectively

= Effective Aeration Control throughout the
Mass Loading Diurnal

[TH™ R
P"‘ FESR ‘ "iﬁ‘%ws Con il patrocinio di: mﬁgg
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' ' _________________________________________________________________________

! E MISSionli d | ga S Sserra ! 0“%220”‘8’““” Fattori emissivi dei processi biologici
0,07
81 0,06

0,05

-~

0,04

(=]

0,03

o
.
——e
L]
@

0,02 ®

Johannesburg

0,01

w
]

Reversed A2/0 ®

.
® UCT 1
. Bardenpho 4 i
. 0.00 Convenzionale - Oxidation Ditch ? Biofilirazioné2/0  A/O Aerazione
Intermittente

EF (% nitrogen load)
-9
[ ]
L

L~
L]

Process type Reactor Emission factor Reference

-
B 4o
i
1
b

" . E Two-stage deammonification
2 z & 8 2 & =
© z 9 © o @ % SHARON- Nitritation (SBR) 1.7 %
Process ANAMMOX® Kampschreur et al. (2008b)
Anammox (UASB) 0.6 %
Nitritation (SBR) 5.1-6.6%
NAS® Desloover et al. (2011a)

Anammox (CSTR) 0 %

Single-stage deammonification

Nitritation- UASB 1.2% Kampschreur et al (2009a)
anammox
DEMON® SBR 1.3 % Weissenbacher et al. (2010)

© Schneider, 2013

v
<f;4 “<FESR %ig Con il patrocinio di: Ug

SICILIA 14-20 SICILIA 2014-2020 SMART - EE- PLANTS




2) RIMOZIONE -RECUPERO NUTRIENTI

Courtesy of Nicola Frison
I nuovi limiti di TP fissati dalla direttiva potrebbero indurre ad aumentare la rimozione

di P per via chimica

grrTnassnnn e . ' ACTIVATED SLUDGE Gmessssnsssnssasensusnsenssesenseennenssensane .
i PRIMARY : - WITHOUT BIO-P : : SECONDARY CLARIFICATION :
0 %, v ®
a > L

For each kg of P
removed with ferric,
6.6 kg of sludge is
created

BIOSOLIDS s | L :  ANAEROBIC DIGESTION
_______________________ | ge—y Os—g
P —— Recupero d| fosforo da ceneri

i Increase of cP fraction
i Increase of TP

dopo mono-incenerimento

([T

<~l -
w FESR % Con il patrocinio di: m gg
SICILIA 14-20 Assocazion: !'.'.-‘.'r.\!h:ﬂ:—:s et
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Courtesy of Nicola Frison

I nuovi limiti di TP fissati dalla direttiva potrebbero indurre I'implementazione di processi di
rimozione biologica del fosforo (EBPR)

(iroeseenaveuenenenney . ; A(:TIVATED SLUDGE g e e anee .
By i : PRIMARY i WITH BIO-P : i SECONDARY CLARIFICATION :
INFLUENT ¢ . ewssssssssssssseend OB R O N Ft S . L A N
.................. 4 o
" “A\ I" ‘I‘ > l - DISCHARGE
i CENTRATE RECYCLE y
15-250/0 Of inﬂuent P & N |Oadlng : s = ....1 .............. ‘...‘....‘. ................. .
i High PO, and NH,, requires re-treatment £ § WASACIVATED SLUOGE :
R N v v : Increase P content of sludge :
é ...................................................... -
pO4 and THICKENING
High NH. | |5 e [
@ -
- A/O &A2/0
A : ANAEROBIC : ° Johannesburg (JHB)
s | s | DIGESTION i ) .
.. o A, e, 0l * UCT Configuration

! DEWATERED SOLIDS
i Increase of TP

» Bardenpho (Five Stage)

* SBR Bio-P Configuration

* Various modified configurations

'% Universita -.
3 dipartimento
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MG %) § diPalermo
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Influent substrate

parameter Value Reference
VFA:P g Wentzal [1990)
rbCO0-P 18 Barnard [2006)
BOD:P 30 Sedlak (1991]
COD-P &0 U5, ERA [2010)

Produzione di carbonio da fermentazione acidogenica di fanghi

Linea acque:

- Elutriazione

- Solitamente non prevede la fermentazione a temperatura controllata
Concentrazionidi VFAs relativamente basse, ma adatte alla linea acque

e Linea fanghi:
- Fermentazione a temperatura controllata;

2) RIMOZIONE -RECUPERO NUTRIENTI

Configurazioni per la produzione di carbonio biodegradabile a supporto del processo
biologico della linea acque

Primary . Primary
clarifier . ga')zo'""“em clarifier %
Raw influent [ 5 0
| . anaerobic _""{____ ™. - anaerobic
zone ~ ‘I: _f t [0 zone
< X5
Recycle, rQ Q. X.
(a) Waste sludge (b) Waste sludge
Primary Primary
Raw clarifier Raw clarifier
influent - influent -
{ o To BNR process = ] To BNR process
To ‘ n To

anaerobic anaerobic

<= | BN
zone zone
Recycle <
Gravity : Y: Gravity
thickener (optional) '. ___________ thickener
To digester (d) To digester

¢ e d sono applicate negli impianti di depurazione di Penticton (Canada), Kelowna e
Kalispell (USA)

1
1
1

Recycle 4
(optional) l

(c)

- Concentrazioni di VFAs elevate nel fermentato liquido separato (utili per trattamento

surnatanti anaerobici);
- VFAs prodotti sono potenzialmente ricircolabili anche nel mainstream

> 5" 1a%, Universita - eimont bl %
S U 2 . " diparti o A Pn,: L
. %2. 4 = degll Studi q. Jgin!;gemerla * <‘J M ““FESR :"} Con il patrocinio di: mﬂgg
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Wet sludge
and liquor =

Liquid phase
(dissolved P)

PEARL | AirPrex | NuReSys
Struvite 9 Struvite Q Struvite

PHOSPAQ ANPHOS REPHOS
Struvite Struvite Struvite
PhosphoGreen STRUVIA ”@ NutriTec
Struvite Struvite Struvite, DAS

Naskeo PHORWater
Struvite Struvite

Ecobalans
Struvite, NPK

[ EXTRAPHOS

Gifhorn
Struvite/CaP

@ Stuttgart
: Struvite

9)

2) RIMOZIONE -RECUPERO NUTRIENTI

Esistonotecnologie peril recupero di fosforo?

—
@ watering life

Phosphogreen™ is a phosphorus
recovery process based on a Suea

AirPrex® CalPrex ® Patented
Sludge Optimization Process

with DCP precipitation-crystallization reaction. L Precipitazione di struvite o
dissolution LYSOGEST WASSTRIP Thermal hydro- Octara's Poarie C T
lysis
———————————————————————————————————————————————————— aomn ELIQUO/HYDROK
[ Fertilizer industry 1( Electrodialysis ( LEACHPHOS Y ) ™
_ Acidic digestion | Mineral fertilizer | | H;PO, )| HsPO, 7 Glatt® SERAPLANT @G‘aﬂk :
or leaching [ ECOPHOS | [ TetraPhos | [ rRecopHos DE AshDec® Thermochemical OUTOT?( L Recupero di P da ceneri .
H,PO,/DCP ~ H.PO MCP P-Recovery from Sewage Sludge Ash iy
Sludge and sludge — e J J =3 .
s RecoPhos Rece Ph oS

a N[ R
MEPHREC @ AshDec (0uto® [ PYREG ) _
P-slag ¥ P-mineral ¥ P-mineral

. 7 \ s L 7

- Thermal ....e molte altre!!l
THERMPHOS .I. [ InducarbFP7 | [ KuBOTA ]
P, | H3PO4/Py ) P-slag )
m [ Demo / Pilot ] [ Lab-scale ]
a ?SA:‘ ST‘Q)/ ° PYEY | v
. & 0,
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.

Technology Location and operator Upel-EtIDI'IE| Re:nvere:dmz:mal -Qttw‘a [agered By Ostal  Bajes 1D (LSA) 2015 .
snee Al intans now cilld PEARLES ppasepy, MID (USAY, Jones Family Farms (dairy) 2019 ni China (brewary] Soil Tm)
Onsite wastewater treatment plants Green Bay, W (USA) 2019 L. Paoland (bio-ethanal) 2011 (500)
Paso Raobles, CA (USA), City of Paso Robles 2019 75 Nottingham (UK), Severn Trent Water 2012 730
Senboku Blackwater TP (IP), Senboku City 2007 15 o Hagenow (DE), AZV Hagenow & j UsA (confidential) 2013 (800)
Dt Tatsugawa Village (IP) 2008 2 MultiSolid ) ilandgemeinden 2023 Snvite (100] Hnfed (D), BEG-IA% Hinfeld Gtk (daiy) 2014 730
N i Seihokugo Environment Improvement Assec. [IP) 2009 HAP 40 MNASKEL Lastres (FH) U1y Struvite V) Ch!n” ood processing] 2015 (1400)
(since 2014 by R . ; - China (ethanol) 2016 (90)
Hitachi Zasen) Kushimoto Town (JP) 2011 {from Night Sail) 11 Harelbeke (BE), Agristo 2008 250 Tilburg (NL}, Waterchap de Dommel 2016 340
Shimanto Town (IF) 2011 11 2x Nigwkuerke (BE), Clarebout Potatoes 2008/12 650 UK [municipal) 2017 (600}
Kofu Town (IP) 2015 4 Waasten (BE), Clarebout Potatoes 2 i Aaby (DK), Aarhus Water 2013 110
MG-Neuwerk (DE), Niersverband 2009 100 Geel (BE), Genzyme 2014 80 Phosphosreen HEMIng (DK, Herning Water 2016 106
Wassmannsdorf (DE), Berliner Wasserbetriebe 2010 350 NUReSe® teu:ﬂn m;]' ’:1:?_?“'_0 isi: Struvit 155?] {SUEZ) :‘_:_“E“;h?rgF[D:" h[::; ::::c igt; Struvite 3;;2
- 5 uReSys and van Cuij |, Logisticon ruvite illiers Saint Frederic 3
Echten (ML), Drents Overijsselse Delta 2013 n.i. ;
(NL) ! Apeldoorn (ML), Vallei & Veluwe 2016 550 Sausheim (FR), Mulhouse 2013 a8
:Tti;ﬂﬂl;-tizérli;‘fatemﬂt ;gi: SSD;] Braunschweig Steinhaf (DE), SE|BS 2019 __. P-RaC Bachgau (DE), Markt Grofostheim 2025 CaP at CSH {40)
alzgitier Non N s Crunty Tree Rine | n ® 3
) Pima County, Tres Rios WRF, AZ | 2021 - REPHOS Altentreptow (DE), Remondis Aqua (dairy) 2006 Struvite 200
Uelzen {DE), SE Uelzen 2015 i tédi GOS (PL), City of kédi 2023 - [dubvarad by NufaSi]
Tianjin (CN), Tianjin CEPG (2015) offline Warsaw South (PL}, 2023 {2700 Rintoru® Mobile unit applying A-CSH to recover P - CaP at C5H -
Wolfsburg (DE), SE Wolfsburg 207 {50} NutriTec® STRUVIA™ Helsingar Southcoast (DK) 2015 Struvite a0
I— Liverpool, OH {USA), Medina County 2019 - {Sustec, DMT) Zutphen (ML), SaNiPhos® GMB 2010 Struvite & DAS  offline Swing Higashi-Nada, Kabe City (JP), Swing Corp. 2012 Struvite 130
R ge, MD (USA), Howard County 2019 Struvite -t Tigard, OR (USA}, Clean Water Services 3009 760 Downstream wastewater treatment plants and ashes
MagPrex d " i
- Denver, CO (USA), Denver Metra 2020 * Suffolk, VA (USA), Hampton Roads Sanit. District 2010 400 . f;'::‘:’;“a:[’:jm"l’:::’g"e'li"r‘:‘;:::f;';““"“ 2025 I (15.000)
Ft. Collins, CO {USA), Drake WRE 2020 — York, PA [USA), City of York 2010 270 : . Hel,inghorli (SE), EasyMining Sweden AB 2026 e (15.000
Elgin, IL {USA} Fox Rivér WRF E o, . Hillsboro, OR (USA), Clean Water Services 2012 1000 Bl s i -000)
ol Lake Cite. - : : 5 . Slough (UK], Thames Water 2012 130 AshDec® Altenstacit (DE), Emter GmbH 2004 Caleined 1, oog)es
Salt Lake City, U Y ntre dliey . £ - '
Salt Lake City, UT [LISRESEQHSI NG iz Saskatoon, 5K (CDN), City of Saskatoon 2013 500 phosphate
Meridian, I (\ 2022 - Madison, Wi [USA), Madison Metro. Sew. Distr. 2014 1000 EUPHORE® A im (DE), MVV Energie AG 2023 Improved ash __ (14.000)**
Mampa, ID (USA), Nampa WRE 2023 - Burford, GA (USA), Gwinnett County 2015 1000 Fertiliser Various companies already apply or consider use  tested and Commercial Mixed
Gappingen (DE), SE Gappingen 2020 - Amersfoort (NL), Vallei & Veluwe 2015 500 industry of secondary P sources intended fertilisers in***
Haifa (IL), Haifa District Industries Association 2022 - PEARL Edmaonton, AB (COM), EPCOR Water Services 2015 Struvite 2500 Clats Haldensleben (DE), SERAPLANT GmbH Intended
. |OSTARA) Stickney, IL (USA), Metro. Water Recl. Chicago 2016 [Crystal Green”) 7700 PHOSA Bound to premium ash input (fertiliser grade) (2021-2022) MCP, NPS (&0.000 1+
Erlangen (DE), EBE Erlangen 2023 Reng, NV (USA), Cities of Reno and Sparks 2016 500 BTSN (insolvency summer 2022) fertilisers
Well (NL), EcaFuels, (biomass digestion) 2005 i Madrid (ES), Canal de Isabel I 2016 500 CUBGTA 2 plants (4 furnaces) (JP), municipal Jo14 b rich <l 1.200-
Odiliapeel (NL), Peka Kroef 2006 400 Winchester, VA (USA), F. Winchester Service A 2016 500 (Input: 60-80 t/d dewatered sludge) fER Soe 1.500
Kruiningen (ML), Lamb Weston Meijer 2003 650 St. Cloud, MIN (USA), City of 5t. Cloud 2018 500 METAWATER Gifu Narth (IP), Gifu City 2010 A 100
Bergen op Zoom (ML), Lamb Weston Meijer 2007/16 290 Atianta JGR IU_S&J, City Df_ Atlanta 2018 1000 Akisato (JP), Tottori City 2013 150
Budrio (IT), Pizzoli 2010 150 Jaracin {PL), City of Jarocin 2021 130 Nippon PA_ Chiba (JP), Nippon Phosphoric Acid 2009 HiPO: ni.
ANPHOS® " ) ’Wate ha As e M 2011 Struvite ) Tel Aviv, (IL}, Shafdan WWTP, Mey Ezor Dan 2021 5000 Hamburg (DE), Hamburger 2023 (7.000)
aps A rschap en Naas ni s WWT N " B
Oasterbierum (NL), Lamb Westan Meijer 2016 580 iy [ND-JI e P s 1 oo 250 TetraPhos™ Phosphorrecyclinggesellich. mbH RH;PO';ﬂ
' ! ) Dublin {IE), Ringsend WWTP, Irish Water 2023 (5000) Liinen (DE), Remandis TetraPhos GmibH 2025 {RePaci (5.800)
Den Bosch (ML), Waterschap Aa en Maas 2018 L. PhosForce Schiinebeck (DE), OEWA Wasser & Abwasser (2023 Struvite/ {1000)
Asturias (ES), Longas 2018 i (Vealia) GmbH | Brushite (DCP)  customized
Tiel (NL), Waterschap Rivierenland 2019 i 7 plants installed in Japan between 1989 and 1989 mi.
- = g 3 :
Crystalactor”  Manjing (CN), Royal Haskaning DHV 2010 Struvite fi. 2011 with capacities between 80-500 m*/d 1992 ni.
- & % " - LBE M.l . . . . . .
EloPhos Lingen (DE), SE Lingen 2016 Struvite - PHOSNIX® Lake Shinji-East (JF), Matsue City (1998) 1998 cruvite 125 I m p ianti d i n recu p ero e /O ricic la ggl O"
Gifhorn Gifhorn (DE), ASG (mathballed) 2007 Struvite/CaP - (Hitachi Zosen) - 2000 .

— Yarohama 7). 2O M Co il 260 - st ni del fosforo operativi o in costruzione

154 Kawasaki (IP), Japan Synthetic Alcohal Co. 1948 HAPF ni.
UPl. Jap = Kinan Environment Improvernent Assaciation (JP) 2014 M.l

KURITA Fukuoka North, South and Wasui (IP), Fukuoka C. 1997 Struvite 120 PHORWater  Calahorra (ES), £l Cidacos 2015 (dema) p——— ) (C . Ka b b ev. 2023/0 1 , P_ R EX

Kyowa Hakko  Hofu (JP), Kyowa Hakko Bio Corp. 2006 HAP 90

fr— PHOSPAT” Olburgen (NL), Waterstromen (municipal & food) 2006 Struvite 400
Multiform™  Yakima, WA (USA) 2012 Struvite n.i. Lomm (NL), Waterstromen (food) 2007 250 E | rqu ment ;
5 3 2, imento ;
(ks . / ‘ :

0B FESR
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https://www.phosphorusplatform.eu/images/download/Kabbe_P-recovery_tech_implementation%20Table_2023-01-04.pdf
https://www.phosphorusplatform.eu/images/download/Kabbe_P-recovery_tech_implementation%20Table_2023-01-04.pdf
https://www.phosphorusplatform.eu/images/download/Kabbe_P-recovery_tech_implementation%20Table_2023-01-04.pdf
https://www.phosphorusplatform.eu/images/download/Kabbe_P-recovery_tech_implementation%20Table_2023-01-04.pdf
https://www.phosphorusplatform.eu/images/download/Kabbe_P-recovery_tech_implementation%20Table_2023-01-04.pdf
https://www.phosphorusplatform.eu/images/download/Kabbe_P-recovery_tech_implementation%20Table_2023-01-04.pdf
https://www.phosphorusplatform.eu/images/download/Kabbe_P-recovery_tech_implementation%20Table_2023-01-04.pdf
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Collettamento 1000 AE e piccoli impianti

70% less

Biogas (CH,)

Potential Net Energy

energy :
Effluent l \ consumption grg(:uk(c:’;?‘ 0:
é - m u 80% less . m
! | & i CoO. Bioener v
2% Anaerobic 2 &4
e R emissions Disinfected Nutrient Rich
Rich inN — ) Water
o : fr— - - forIrrigation
Domestic and P Nutrient Recovery Westswter S @ ¢
wastewater i 25% less Water reuse ,
: surface
- > 50% less
L] biosolids
: Sewer mining production —>
% Biosolids

Agricultural Irrigation
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EVIDENZA Trattamento Carico Farmaceutici e EPR

ASPETTI IN * Tutti gli impianti di trattamento delle acque reflue urbane che trattano un carico di 150 000 a.e. o piu dovrebbero pertanto

DIRETTIVA prevedere il trattamento quaternario, dal momento che sono all'origine di una parte significativa degli scarichi di
microinquinanti nell'ambiente e che la rimozione dei microinquinanti a opera di impianti su tale scala e efficace in termini
di costi. Per gli impianti di trattamento di 150 000 a.e. o piu, gli Stati membri dovrebbero garantire che gli investimenti
necessari siano prioritari, in modo che gli impianti con i maggiori rischi per la salute umana e per 'ambiente siano attrezzati
senza ritardi.

Tabella 3: Requisiti per il trattamento quaternario degli scarichi provenienti dagli impianti di trattamento delle
acque reflue urbane di cui all'articolo 8, paragrafo 1, o dagli impianti di trattamentodelle acque reflue urbane
che servono gli agglomerati di cui all'articolo 8, paragrafo 4.

Indicatori Percentuale minima di rimozione in rapporto al
carico dell'affluente

Sostanze che possono inquinare l'acqua anche a 80 % (cfr. nota 2)

basse concentrazioni (cfr. nota 1)

o Categoria | (sostanze che possono essere trattate con grande facilitd):

» amisulpride (n. CAS 71675-85-9); carbamazepina (n. CAS 298-46-4); citalopram (n. CAS 59729-33-8),
claritromicina (n. CAS 81103-11-9); diclofenac (n. CAS 15307-86-5); idroclorotiazide (n. CAS 58-93-5);
metoprololo (n. CAS 37350-58-6); venlafaxina (n. CAS 93413-69-5).

s Categoria 2 (sostanze che possono essere eliminate con facilitd):

) benzotriazolo (n. CAS 95-14-7); candesartano (n. CAS 139481-59-7); irbesartano (n. CAS 138402-11-6);,
miscele di 4-metilbenzotriazolo (n. CAS 29878-31-7) e 5-metilbenzotriazolo (n. CAS 136-85-6).
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Source

* Human waste

* Animal byproduct
* Pharmaceutical

+ Hospital

Table 1. Pharmaceutical contaminants (PCs).

SI.  Class/Group of Pharmaceutical Formula

No. Pharmaceutical Contaminants

1 Aspirin CgHgO4

2 Diclofenac C14H11CaNO,
Analgesics and Anti-

3 . Ibuprofen Ci3H150;
inflammatories

4 Paracetamol CgHgNO;

5 Naproxen C14H1403

SI.  Class/Group of Pharmaceutical Formula

No. Pharmaceutical Contaminants

1 Sulfamethoxazole Cy0H11N303S
Antibiotics .

2 Erythromycin C37Hg7NO 13

3 Trimethoprim Cy4H1gN403

https://doi.org/10.1016/j.nexus.2022.100076

u
dipartimento
diingegneria
unipa

Mass (g
mol™)

180

296.2
206.3
151.2
2303

Mass (g
mol™)

253279

733.93

290.32

PKa

35

4.91
4.15
9.38
4.15

PKa

5.6-5.7

8.88

712

logKow Ref.
12 [57]
4.51

4.51

0.46

3.18

logKow Ref.
089 [16

7]

248

0.73
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Coordination Chemistry Reviews ==
d
Volume 442, 1 September 2021, 213993 'A ;.
-

Review

Current advances in treatment technologies for
removal of emerging contaminants from water
- A critical review

b i Kashif Shahid #! 9 =, Ayesha Kashif® !, Ahmed Fuwad €, Choid 8 =

Show more

+ Addto Mendeley o2 Share 33 Cite

https://doi.org/10.1016/j.ccr.2021.213993 7 Get rights and content 71

. . : 4]
Chemical Engineering Journal ke
Volume 407, 1 March 2021, 127184

Review

Environmental fate, distribution and state-of-
the-art removal of antineoplastic drugs: A
comprehensive insight

Santanu Mukherjee * °, Dip Mehta ¢, Kiran Dhangar *, Manish Kumar*! 2 &

Show more

+ Add to Mendeley o Share 93 Cite

htps://doi.org/10.1016/1.c¢].2020.127184 7 Get rights and content 71
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Science of The Total Environment
Volume 699, 10 January 2020, 134322

ELSEVIER

Review

Antiviral drugs in aquatic environment and
wastewater treatment plants: A review on
occurrence, fate, removal and ecotoxicity

Christina Nannou ?, Anna Ofrydopoulou ?, Eleni Evgenidou ?, David Heath ®, Ester Heath ® <,

Dimitra Lambropoulou?® o =

Show more v

+ Add to Mendeley & Share 33 Cite

|

https://doi.org/10.1016/j.scitotenv.2019.134322 7

Journal of Environmental Chemical Engineering 10 (2022) 108106

Contents lists available at ScienceDirect
Journal of Environmental Chemical Engineering

journal homepage: wwiw.clsevier.com/locateljece

ELSEVIER

Get rights and content 7

y

Removal of pharmaceuticals from wastewater: A review of adsorptive
approaches, modelling and mechanisms for metformin and macrolides

Lisa Shearer, Sabolc Pap *', Stuart W. Gibb

Environmental Research Institute, UHI North Highland, University of the Highlands and Islands, Thurso KW14 7JD, UK
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Table 1

Juxtaposition of studiez focused on comparizon of removal of PhACs by means of different AOQPs in real water matrix including WWTP effluentz.

Compared Water matrix PhAC Initial FhAG Order of efficiency Eeo (kWh m™")/order Reference
procesien type concentration
O, ground water, opiked with: 150 pg L~? for # Depandent on molacule and n/d Wang et al.
0a/H304, surface water, diclofenac =ach PhAC water matrix. {2018)
B-peroxons zecondary gemfibrozil = Mo cignificant process efficiency
affluent (SE) bezafibrate differences in SE.
ibuprofen
clofibric acid
O, ground water opibed with: 150 pg L! for s Dependent on molecule and in gecondary effluent Yao et al.
Oy UV surface water diclofenac each FhAaC water matrix. 0y 0.1-0.3 {2018)
E-peroxons zecondary naproxen, = Mo cignificant process efficiency  E-peroxons: 0.2-0.3
affluen: gemfibrozil differences in 5E. 04,/UV: 1-1.6 for diclofenac,
bezafibrate becafibeate and
clafibric acid chloramphenicol
ibuprofen
chloramphenical
O, synthetic water Antibiotics: ofloxacin, 10 ug L7 for » Antibiotics readily removed by n/d Wang et al.
E-peroxone secondary trimethoprim, =ach PhAC 0y and B-peroxone. (2019}
affluen: norfloxacin, » Biocides were removed better in
ciprofloxacin, E-peroxone.
metronidasole,
Biocides: econasole
nitrate zalt,
miconasols nitrate zalt,
clowimazale,
fluconazole,
pmtam.id.inc:
bixafen,
propiconasole,
Benzotriazoles
n:l:’l]'r;l—li-an:uh'i:m]:.
benzotriazole
Oy, tertiany carbamazspine 0.235 pg L7 04/CL UV process the most 0, 0.02-0.24, (Sgroi =t al.
Ou/UV, HeDa/ wasesweater fAnoxstine 0.036 pg L efective, then Ou/Ha02/UV, Onf 0u/UV 0.21-0.35, 2021a, 2021k)
UV cla/Uv affluent gemfibrozil 0.116 pg L UV, O, Cla/UV, HaOu/ UV Ha02 UV 0.37-0.83,
O/ HL0u/ UV primidans 0.354 pg L AUV 0.12-7.5,
O/l AV sulfamethoxszale 1813 pg L* 0,/H,0,/UV 0.29-0.35,
trimethoprim 0.021 pg L° 04/Cl2/UV 0.24-0.54
v indzerial PhAC derecend: 34,000 pz L1 Orrerall remoncal by HzO2/UW UV v HaOu /U Cibati at al.
Haou v wazteveater, 14 566z L" 17 % 7291 (30223
hoapieal 35 88 gL 36% 5175
veazteveater, 19 0.6 g L7 500 3.02.0
Frew 28 122 pg Lt £0-56 % 5315
wagtewater, 30 2903
urban
wagtewaber
afflnents
Ha0/Uv zecondary carbamazapine, 500 pg L7 for 520§ /UV generally batter then n/d Zhou et al
Hs0g UV affluent crotamiton, each H20u/UV and Hsog UV (2020}
5,038 /UV N, N-diethyl-meta-
toluamide, gemiibrozil
ibuprofen
trimethoprim
O, synthetic 1,7-a- 1mg L' Plaoma oxidadon, 0u/Hy 0y, Oy, 0y 0.0346 Wardenier sz al
O/ a0, waztsvear ethinylestradiol (EE2) 04/ Hy 07UV, Ou/UV, HyDy UV, plazma oxidarion: 0.124 (2019}
U, L O /HaOy: 0.57
Ha0/UY, D4/ HaO/UNV: 5.8
o/, 0,/UV: 106
O/ Hy0./ UV, Ha0u/ UV 49.5
plazma Uv: 65.5

ozonadon
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Efficient removal of pharmaceuticals from wastewater: Comparative study | &&=
of three advanced oxidation processes

Kinga Skalska-Tuomi ™ @, Laura Kaijanen °, José Maria Monteagudo “©, Mika Manttiri

* Department of Separation Seience, Schaol of Engineering Science, Lappeenrant-Lahei Universiey of Teehnolagy (LUT), Sammonkar 12, 50130, Mikkeli, Finland
¥ Department of Separation Science, Schaol of Seience, Lap Lahsi University of Technology (LUT}, Vliopistonkam 34, 53850, L

Finland

© University of Castilla-La Manche, Bscuele Técnica Superior de Ingenieria Industrial, Avde. Gamile Jasé Gela, 1, 13071, Cindad Real, Spain
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‘Water Research X 29 (2025) 100334

Contents lists available at ScienceDirect

Water Research X
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) 5
ELSEVIER journal homepage: www.sciencedirect.com/journal/water-research-x

Micropollutants removal, residual risk, and costs for quaternary treatments | %&&
in the framework of the Urban Wastewater Treatment Directive

Jessica Ianes @, Sara Piraldi, Beatrice Cantoni @, Manuela Antonelli

Politecnico Milano, of Givil and 1 Engineering (DICA) - Envi Section, Piazza Leonardo da Vinci 32, 20133 Milano, Italy
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Fig. 2. Micropollutants concentrations at different stages of WWTPs: at the WWTP influent (C_in), at the inlet of quaternary treatments (C_in,quaternayy), and at the
outlet of quaternary treatments (C_out,quaternary) and the target effluent concentration (Target C out). N stands for the number of WWTP with available data. The
color of the micropollutants’ label indicates their belonging to category 1 (black) and category 2 (grey) of the UWWTD.
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Fig. 4. Median mieropollutants removal during (a) biological treatment; (b) ozonation; (c) activated carbon adsorption and correlation with the respective fate

parameters. The color of the micropollutants” label indicates their belonging to category 1 (black) and category 2 (grey) of the UWWTD.
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Micropollutants removal, residual risk, and costs for quaternary treatments
in the framework of the Urban Wastewater Treatment Directive

Jessica [anes ¢, Sara Piraldi, Beatrice Cantoni ©, Manuela Antonelli

Pols ico Milano, Department of Civil and Environmental Engineering (DICA) - Environmental Section, Piazza Leonarde da Vinei 32, 20133 Milano, Italy
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Fig. 3. Micropollutants removal at different stages of the WWTP: at the biological treatment, at the quaternary treatments, and at WWTP where quaternary
treatments are in place. When multiple concentration data were available for the same micropollutant at the same WWTP stage, the average was taken. N stands for
the number of WWTP with available data. The color of the micropollutants’ label indicates their belonging to category 1 (black) and category 2 (grey) of

the UWWTD.
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L
Fig. 6. Yearly per-capita cost for each investigated quaternary treatment, at different WWTP capacity, depending on selected operating parameters: (a) ozone b

concentration in the contact tank; (b) time between two regenerations of GAC; (c) dosage of PAC and waste sludge (% of the extracted sludge) sent to incineration
with respect to the generated sludge.

We analyzed the “costs” of 11 WWTP’s (quaternary treatment):
WWTP ca. 50'000 population equivalent (PE)

Investment costs:

- Approx. 50-120 Euro per PE or approx. 90-200 Euro per connected person.(Dispersion, because some

existing buildings were used for the MV stage, while other plants were built from scratch.)

Operating costs (include: personnel costs, operating costs, electricity costs, laboratory costs...):
- Approx. Euro 2-4 per PE per year or approx. Euro 2.5-5 per connected person per year.
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4) SERVIZIO IDRICO INTEGRATO E GESTIONE URBANA
.

EVIDENZA Molto piu forte integrazione tra pianificazione/gestione urbana e gestione servizio idrico
integrato

ASPETTI IN * adattamento ai cambiamenti climatici

DIRETTIVA * pianificazione integrata della gestione delle acque reflue urbane, facendo nel contempo un uso ottimale della

digitalizzazione per tutti gli agglomerati con 100 000 A.E.

* limitare l'inquinamento da tracimazioni causate da piogge violente a non piu del 2 % del carico annuo di acque reflue
urbane raccolte

* evitare l'ingresso di acque piovane non inquinate nelle reti fognarie o lo stoccaggio temporaneo, compresa la ritenzione
naturale dell'acqua, e un trattamento appropriato delle prime piogge abbondanti
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2 1 500 m Volume 196, May 2021, 110367

Catchment-wide validated assessment of
combined sewer overflows (CSOs) in a

mediterranean coastal area and possible
disinfection methods to mitigate microbial
- contamination

Paolo Crocetti %, Anna Laura Eusebi ® & B, Cecilia Bruni °, Enrico Marinelli %, Giovanna Darvini ®,

Claudio Bernardo Carini ¢, Cristiana Bollettini , Virginia Recanati <, Gagri Akyol ° 2 &,
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CRITICAL REVIEWS IN ENVIRONMENTAL SCIENCE AND TECHNOLOGY e Taylor & Francis
httpsz/doi.org/10.1080/10643389.2020.1757957 Teylorki Francls Group

CSO TREATMENT TRAINS =
Check for updates.

Regione . De Toffol, 2006 " - I
Lombardia D-gr- 23 dicembre 2019 - n. XI1/2723 Combined sewer overflows: A critical review on best
counTry ) practice and innovative solutions to mitigate impacts
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, Green Infrastructure

Classificazione dei sistemidi SOLUZIGNI
fitodepurazione: NATURALI Stormwater Runoff

TREATMENT WETLANDS
+ GRIGLIATURA MECCANICA
+ DISSABBIATURA E DISOLEATURA CSO Treatment
+ SEDIMENTAZIONE PRIMARIA GRAVIMETRICA Wetland
+ SEDIMENTAZIONE PRIMARIA CON SOLUZIONI

CHIARIFLOCCULAZIONE TECNOLOGICHE

* FILTRAZIONE FINALE ATELA
* FILTRAZIONE FINALE A SABBIA
1 * ULTRAFLITRAZIONE
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Publicly Owned Treatment Works
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4) SERVIZIO IDRICO INTEGRATO E GESTIONE URBANA

PRATICHE DI GESTIONE INTEGRATA E PIU RESILIENTE DEL TERRITORIO

* Agriculture
Forestry
Hydromorpheies

www.nwrm.eu ° Ul’ban 3 ;%j‘" ‘

Gestione degli eventi di pioggia piu & e BlORETENTl

NWR Natural Water Retention Measures

intensi e gravosi anche attraverso DESIGN
applicazione di pratiche di gestione : Eﬁ?ﬂ?ﬂ?ggﬁ

del deflusso meteorico ~O7

| Green Infrastructure

e Qvercoming Barriers to Green
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Communities across the country are expersencing the benedits of green infrastructure. They have
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4) SERVIZIO IDRICO INTEGRATO E GESTIONE URBANA

@ Wateru n www.waterun.eu/
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(b)
Diffuse pollution in urban areas — Which pollutants?

Pathogens
Monitoring protocols 9"
Sensors N Rainfall %
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Emerging pollutants Zd
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. 2 : Water storage,_~.
48 Treatment 7 / for re-use
Cd plant <Y a5

Microplastics Current situation

Infiltration

ttps://doi.org/10.1002/wat2.1525

Use of Blue & Green infrastructures

Modelling and planning tools
DSS based on risks for water reuse
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5) MONITORAGGIO E RIDUZIONE SCARICHI INDUSTRIALI
.

EVIDENZA Microinquinanti e monitoraggio/riduzione scarichi/carichi industriali

ASPETTI IN * i gestori degli impianti che ricevono acque reflue non domestiche siano consultati e informati prima del rilascio delle
DIRETTIVA autorizzazioni o dell'adozione di regolamentazioni e possano consultare, su richiesta, le autorizzazioni rilasciate per
adeguare i propri processi di trattamento. Se nelle acque in entrata e rilevato inquinamento non domestico, gli Stati membri

dovrebbero adottare le misure opportune per ridurlo alla fonte, potenziando il monitoraggio degli inquinanti nelle reti
fognarie cosi che possano essere individuate le fonti di inquinamento e, se necessario, riesaminando le autorizzazioni
rilasciate ai pertinenti impianti di trattamento delle acque reflue urbane collegati alle reti fognarie.

* inquinanti non espressamente disciplinati dalla direttiva 91/271/CEE, quali metalli pesanti, microplastiche,
microinquinanti e altre sostanze chimiche, tra cui le sostanze perfluoroalchiliche (PFAS)
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5) MONITORAGGIO E RIDUZIONE SCARICHI INDUSTRIALI

SAMPLING PHASE AND NEEDED

VOLUMES
)
N° MPs/

6614 Wang et al.. 2020 0.3 Life Bluelakes
_ 930 Wang et al.. 2020 119 0.58 Life Bluelakes
1] 1473 Pivokonsky et al.. 2020 250 0.32 Life Bluelakes
[ ] 443 Pivokonsky et al.. 2020 250 0.18 Life Bluelakes
] 1812 Pivokonsky et al.. 2020 300 | 0.007 Minteniget al.. 2019
[ 4] 338 Pivokonsky et al.. 2020 300 | 0.001 Minteniget al.. 2019
[ 4] 3605 Pivokonsky et al.. 2018 300 | 0.001 Mintenigetal..2019
[ 1] 628 Pivokonsky et al.. 2018 310 0.61 Life Bluelakes
[ 2 23 Pivokonsky et al.. 2018 385 0.16 Life Bluelakes
[ 2 14 Pivokonsky et al.. 2018 521 0.14 Life Bluelakes
| 9] 1296 Pivokonsky et al.. 2018 1000 | 0.003 Cherniak et al.. 2022
[ 2 151 Pivokonsky et al.. 2018 1000 | 0.147 Life Bluelakes
T 42 Mintenig et al.. 2019 1000 | 0.047 Life Bluelakes {
T 20 Mintenig et al.. 2019 1200 0.001 Cherniak et al.. 2022 EEMs provides a “map” of contributions of different component
T 20 Mintenig et al.. 2019 1200 | 0.002 Cherniak et al.. 2022 classes comprising dissolved organic matter (DOM)
[ 10 2.2 Mintenig et al.. 2019 2500 | 0.001 Jung etal.. 2022 o
[ 25 1.8 Life Bluelakes 2500 ¥ 0.003 Jung et al.. 2022 ”
[ 25| 0.56 Life Bluelakes 4828  0.037 Life Bluelakes yophobic cids _y1amdici-e
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NUOVI SCENARI NEL TRATTAMENTO DELLE ACQUE REFLUE

Palermo, 1 Agosto 2025

ORDINE DEGLI INGEGNERI
DELLA PROVINCIA DI PALERMO

. Universita
- dedliStudi

PROCESSI E TRATTAMENTI AVANZATI PER LADEGUAMENTO DEGLI IMPIANTI DI “+ diPalermo

TRATTAMENTODELLE ACQUE REFLUE IN ACCORDO ALLA DIRETTIVA UE 2024/3019

Prof.ssa Anna Laura EUSEBI - Universita Politecnica delle Marche
a.l.eusebi@univpm.it
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DE LLE MARCHE Water and Waste Environmental Engineering

v
Ak |' fa EVENTO ORGANIZZATO NELL'AMBITO DEL PROGETTO SMARTEE-PLANTS: SMART
“: % ENERGY-EFFICIENCY WASTEWATER TREATMENT PLANTS FINANZIATO DAL PROGRAMMA
** ** ~ 5 - -
<* =" OPERATIVO COMPLEMENTARE (POC) 2014-2024 DELLA REGIONE SICILIANA - PROGETTO
SICILIA 14-20

SICILIA 2014-2020  swamree.panrs  N- 08CT3600000330




	Diapositiva 1
	Diapositiva 2
	Diapositiva 3
	Diapositiva 4
	Diapositiva 5
	Diapositiva 6
	Diapositiva 7: Trattamento fanghi: molte combinazioni disponibili
	Diapositiva 8
	Diapositiva 9
	Diapositiva 10
	Diapositiva 11
	Diapositiva 12
	Diapositiva 13
	Diapositiva 14
	Diapositiva 15: Confronto Processi
	Diapositiva 16
	Diapositiva 17
	Diapositiva 18
	Diapositiva 19
	Diapositiva 20
	Diapositiva 21
	Diapositiva 22
	Diapositiva 23
	Diapositiva 24
	Diapositiva 25
	Diapositiva 26
	Diapositiva 27
	Diapositiva 28
	Diapositiva 29
	Diapositiva 30
	Diapositiva 31
	Diapositiva 32
	Diapositiva 33
	Diapositiva 34
	Diapositiva 35
	Diapositiva 36
	Diapositiva 37
	Diapositiva 38
	Diapositiva 39

