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Chapters of the presentation

1. SMART-Plant: Scale-up of low-carbon
footprint MAterial Recovery
Techniques for upgrading existing
wastewater treatment Plants 2
overview of the Innovation Action

2. Focus on the Carbonera SMARTechs:
S.C.E.N.A. and S.C.E.P.P.H.A.R. systems

Co-funded by the Horizon 2020 programme
of the European Union 3
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SMART-Plant general objective and vision

To validate and to address to the market a portfolio of n.9

eco-innovative solutions (the SMARTechnologies) that,

Chemical Industry

singularly or combined, can renovate and upgrade existing struvte
P-rich compost
ﬂmical Water-energy nexus
o . ! Intermediates
municipal wastewater treatment plants (WWTPs) to water A NP

Biogas

resource recovery facilities (WRREFs). In particular, SMART-

Industry

Plant aims at reducing the energy and environmental =

Energy
Efficiency

footprint and, contemporary, at recovering valuable *
materials (the SMART-Products: water, cellulose, b criculture

biopolymers, nutrients) that are valued in

construction, chemical and agriculture supply chain

Co-funded by the Horizon 2020 programme
of the European Union 4
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SMART-Plant partners

e 8 Research Organisations
* 11+1 Technology/Service Providers
6 Water utilities

Main SMART-Plant interactions in Europe

INNOVATION

European
Sustainable
Phosphorus
Platform
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SMART-Plant approach and SMARTechs

replaced by Secondary Mainstream refined by Tertiary
SMARTechs 2a andl/or 2b Mainstream SMARTech3

replaced by
Primary Upstream SMARTech|

Influent

integrated by Sidestream

SMARTechs 4a,4b or 5
Biogas

Co-funded by the Horizon 2020 programme
of the European Union

» Effluent
>
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www Dehydrated
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""" Sludge line
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The existing WWTPs upgraded to WRRFs
SMARTech Integrated Key enabling process(es) SMART-product(s)
n. municipal WWTP
1 Geestmerambacht Upstream dynamic fine- Cellulosic sludge,
(Netherlands) screen and post-processing of refined clean
cellulosic sludge cellulose
2a Karmiel (Israel) Mainstream polyurethane- Biogas, Energy-
based anaerobic biofilter  efficient water reuse
2b Manresa (Spain) Mainstream SCEPPHAR P-rich sludge, PHA
3 Cranfield (UK) Mainstream tertiary hybrid Nutrients
ion exchange
4a Carbonera (Italy) Sidestream SCENA P-rich sludge, VFA
4b Psyttalia (Greece) Sidestream Thermal P-rich sludge
hydrolysis — SCENA
5 Carbonera (Italy) Sidestream SCEPPHAR PHA, struvite, VFA

Co-funded by the Horizon 2020 programme
of the Eurcpean Union
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Primary dynamic sieving and clean cellulose recovery
SMART-Plant

2009-2015: Several pilot scale

. . . 2016-2020: Development and
implementations at real environment .. ) ]
optimization of demo with capacity

of 8400 m3/d producting approx 2,00
360 kg/d cellulose

k) .

* Create a constant stream of re-used cellulose, by a validated process

P o Validated application of sustainable re-use

* Develop other applications (Bio-composites, insulation material)

Co-funded by the Horizon 2020 programme
of the European Union
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Short-cut enhanced nutrients abatement to treat sludge liquors

2011-2013: Lab
scale SCENA
process in
Verona (30 L)

2014-2016: Pilot scale SCENA
process in Carbonera (3 m3)

Co-funded by the Horizon 2020 programme
of the European Union

Secondary
Clarification Clarification
\ Biological Nutrients LY 4

Primary | Removal o
S]udge v

Recycling of Activated l

Sludge
. Biogas

mickening ¥__9.C.E.NA. o

¥
Centrifugation
Acidogenic Anaerobic m Biosolids for
&

Fermentation Digestion composting

Solid
Fraction — = == == e o o o - -
Screw Pres: i
WAS '
VEAs .| Nitrogen and Anaerobic
Treated Phosphorus Supernatant
Anaerobic removal
Supernatant via-Nitrite
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2 °
. . Psyttalia WWTP
SCENA application at demo scale 23 m?/d reject water

— _—

Carbonera WWTP

100 m3/d reject water

SCENA bridging
the gap between
small pilot
application and
large demo or
even full scale
application in real
environment

* Validate and demonstrate that
SCENA is an effective and low

carbon footprint process for
Co-funded by the Horizon 2020 programme .
- e nutrient removal/recovery
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Secondary mainstream SCEPPHAR

Influent ;

= Two SBR S Biomass wastage / PHA

/Anaerobic —
0-120

= Buffer tank Effluent o e
= P-recovery system B

150-160

I
Settlin Extraction
2004-2010: Lab scale ot

V em rane

testing (10 L & 1001L) 138*1‘28

0,
Aerob|c Feedmg Sk

Extrac‘aon
180-480
0 130 160 170

- P- RECOVERY
. SYSTEM

Feeding vy e S B s
170-180

Co-funded by the Horizon 2020 programme
of the European Union

160 280 P-enriched
flow
P-recovery .
180-480
0-160
Settling
130- 160
Extrachon
Aeroblc 160 170

Struvite =

' BUFFER
~ TANK

Extraction
170-180

95%
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Mainstream SCEPPHAR application in SMART-Plant

* Implementation in a full-scale WWTP
* Much higher volume

 Real WWTP operation (temperature, sewage)
* Full-scale equipment and automation

Manresa participa en un projecte europeu
per dissenyar les depuradores del futur

P Lequipament dAiglies de Manresa generara productes de valor afegit que extraura de |'ai

cewy

Co-funded by the Horizon 2020 programme
of the European Union
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Post-processing of recovered cellulose and PHA
for bio-composites production

Cellulose
/ PIaSti.c Stiffening/Toughening
Composites Compatibilisation * Chemical structure & bonding
Plasticisation * Crystalline structure
Functionalisation * Microstructure
Cellulose/PHA : :3qu mechahnlcgl |Troperty
Composites n situ mechanical property
. . * Thermal property
* Hydrophilicity/hydrophobicity
* Biodegradability
Wood/PHA
Composites Development of lignocellulosic PHA

biocomposites

Co-funded by the Horizon 2020 programme
of the European Union
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SMART-Plant benefits

Technical .
[ )
[ )
Environmental .
Social .
[ )
Financial .

Co-funded by the Horzon 2020 programme
of the European Union

Validate and demonstrate that technologies are working well at
real conditions and at demo scale

Technology Verification

Solving real operating problems

Low carbon footprint through online recording of energy and
GHG emissions

Social acceptance of derived materials
Improved water utility reputation through the use of advance
technologies and ‘green and circular feedstock’

Cost-efficiency

Impact on water tariff

Circular inter-sectorial value chain with chemical, agricultural and
construction sectors



-“’\ Scale-up of low-carbon footprint material recovery technigues

" o in existing wastewater treatment plants
SMART-Plant “SMART-Plant”
D ° "
2l
SMART-Plant exploitation matrix and heat map
2
g |E Relevance
=
Low
Medium
High
2 Very high

Construction Additives Intermediates Agrics

v

- Recovered resources portfolio
Co-funded by the Horizon 2020 programme

of the European Union
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Focus on via-nitrite nitrogen
removal, phosphorus or
biopolymers recovery in

Carbonera sewage sludge
treatment line
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.-\ / ( European Sustainable KNW Waternetwerk symposium "Resource recovery, just do it?", Wageningen, 9
0 \Phosphorus Platform Nowimibar 8917 = ©
e © P www.phosphorusplatform.eu

Nutrient recovery from wastewater: opportunities &
challenges of EU regulatory context

Kimo van Dijk, European Sustainable Phosphorus Platform (ESPP)
kimovandijk@phosphorusplatform.eu
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BNR AND ANAEROBIC DIGESTION

SMW
BOD 100% TN 50-65%
TN 100%  Primary Secondary
TP 100% settling tank BNR settling tank

BOD <5%

TN 15-30%
TP 10-30%
To discharge

BOD 0% TN 20% TP 20-30%

BOD 50% BOD 30%
TN 40% TN 40%
TP 70-90% TP 70-85%
BOD 30%
j_/”d?e TN 20% To composting
'gester TP 40-55% and land

ro-funded by the Horizon 2020 programme appllcathn

. { the European Union
ALTO TREY GIANO SERVIZI
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WHEN SLUDGE THERMAL HYDROLYSIS IS APPLIED...

AMMONIA CONCENTRATION IN DIGESTERS A

DIGESTER FEED
DRY SOLIDS

% wiw DIGESTER AMMONIA CONCENTRATION (mgl)

VS DESTRUCTION | 50% | 51% | 52% | 53% | 54% | 55% | 56% | 57% | 58% | 59% | 60% | 61% | 62% | 63% | 64% | 65%
35 850 | 850 | 850 | 900 | 900 | @00 | 950 | 950 | 950 | 1,000 1,000 | 1,000 1,050 | 1,050 | 1,050 | 1,100
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
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
5.0 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
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
7.0 1,650 | 1,700 | 1,700 | 1,750 | 1,800 | 1,800 | 1,850 | 1,850 | 1,900 | 1,950 | 1,950 | 2,000 | 2,050 | 2,050 | 2,100 | 2,150
75 1,750 | 1,800 | 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
8.0 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
9.0 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
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
10.5 2,450 | 2,500 | 2,550 | 2,600 | 2,650 | 2,700 | 2,750 | 2,800 | 2,850 | 2,800 | 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

CONVENTIONAL THP e
B e 2.500 - 3.000 mgN-NH4/I




NITROGEN AUTOTROPHIC REMOVAL?

SM4 OFTENTHE BEST SOLUTION.
- < "
®
two-stage Nitritation
: : - PANDA S
spatial separation « SAT it
- SHARON® L
Anammox =
* PANDA* (susp. BM) e
* ANAMMOX® (gran. BM) 2 Diffusion limited
» Moving Bed (Biofilm) S = » DeAmmon (Moving Bed)
P * CANON/OLAND (rRD)
. * SNAP (Submerged Fixed Bed)
P i * ANAMMOX® (gran. BM)
i * PNAA (susp./gran. BM)
T a Intermittent aeration single-stage
B » DEMON® (sBR) _ .
P + DIB (Moving Bed) Temporal separation / diffusion

More than 100 full scale plants for side-stream treatment

QN i pestoren 22050srn Courtesy Yvonne Schneider

ALTO TREVIGIANO SERVIZI
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What about
phosphorus?

Wet sludge
and liquor =

Sludge and sludge
ash

Co-funded by the Horizon 2020 programme
of the European Union
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Liquid phase
(dissolved P)

with
enhanded P
dissolution

Acidic digestion
or leaching

Thermal

PEARL - AirPrex 5 NuReSys
Struvite '9 Struvite ﬁ Struvite

PHOSPAQ ANPHOS REPHOS
Struvite Struvite Struvite
PhosphoGreen STRUVIA '-g NutriTec
Struvite Struvite Struvite, DAS

Naskeo PHORWater
Struvite Struvite

Ecobalans
Struvite, NPK

EXTRAPHOS
DCP

Gifhorn
Struvite/CaP

Stuttgart
K ﬁ ] [ Struvite

@)

LYSOGEST WASSTRIP Thermal hydro-
lysis

" Fertilizer industry | [ Electrodialysis || LEACHPHOS

| Mineral fertilizer | | HsPO, | H;PO, )

" ECOPHOS @ " TetraPhos ) [ RECOPHOS DE |

| H,PO,/DCP J | HsPO, )| mcp )

'q \ 2 Y a ™)

MEPHREC AshDec (Outotedly | [ PYREG

| P-slag )| P-mineral X ﬁ J | P-mineral )
" Inducarb FP7 ) ( kuBoTA i
L H3PO4/P4 L P-Slag |

[ Demo / Pilot ] [ Lab-scale ]

21
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Once upon a
(
time...
First published 2004
© 2004 TWA Publishing

Ff _ B
Phosphorus in Environmental

Phosphorus in Environ ental
Technologies

Principles and Applications

Edited by Eugenia Valsami-Jones

Technologies
Principles and Applications

The P recovery full scale plant in the cover is located in
TREVISO municipal wastewater treatment plant

CONSTRUCTED AND COMMISSIONED ABOUT I5YEARS
AGO

-Cowwmmmmm'm MADE IN ITALY

of the European Union
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FINAL FILTRATION & DISINFECTION SECONDARY SETTLING

i/ f
BIOLOGICAL REACTOR

_| (SCHREIBER PROCESS)
+ chemical P removal 7 g

N ANAEROBIC DIGESTION
PRIMARY SETTLING

PRE & POST STATIC
THICKENING

PUMPING & PRE-TREATMENTS

DEWATERING
-."’~
% =

-wwwnwmm,m CARBONERA WWTP -40.000 PE

of the Eurcpean Union
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The SMART bioprocesses in the Short-Cut
Enhanced Nutrients Abatement (S.C.E.N.A.)
for P recovery and N removal

»Production of propionate-rich SCFA from cellulosic
sludge

> Nitritation in aerobic conditions (so as to also minimize N,O
emissions)

» Denitritation and anoxic EBPR
» Sequencing Batch Reactor
» Control Automation on the basis of pH, ORP and conductivity

N

Supported by the Horizon 202C m, '_ = NS 5 GowZ UNIVERSITA
" of Framework Programme ® g/ ;g::’"ﬂf gll\\l}\E/ERoSHﬁ | La blCAB "‘tf;% Lol iRl | LabICAB
ALTO TREVIGIANGD SERVIZI a4 p g

of the European Union ¢

SMART-Plant



S.C.E.N.A.SYSTEM

SM/
Primary Secondary
Clarification Clarification
B \_-\ " z_" Biological Nutrients ;\ /
i Primary \ / Removal A
Sludge
WAS Recycling of Activated
< i Sludge
_ , Biogas
Gravity Production
Thickening .C.E.NA.
|
: Centrifugation
| Acidogenic Anaerobic Biosolids for
BACS : Fermentation Digestion ¢ composting
production I
: Solid
: @ Fraction et |
1 Screw Press P-enriched :
TATA Clli +
VFAs =K Nitrogen and : Anaercbic
Treated Phosphorus I | Supernatant
Anaerobic removal I
SUPERNATANTS Supernatant _ via-Nitrite 1
Via-Nitrite Treatment _:

Co-funded by the Horizon 2020 programme
of the European Union
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S.C.E.N.A.SBR BASIC CYCLE

Nitrogen &
Phosphorus
Biological
removal

Co-funded by the Horizon 2020 programme
of the European Union

—‘E 1- Filling (5 min)

.
VFAs 2- Anaerobic (60 min)
S BACS Carbon source addition
.
(29]e® 3- Aerobic (180 - 200 min)
. 4
VFAs 4- Anoxic (45 min)
O BACS Carbon source addition

N 4
E 5- Settling (40 min)
O
4E_L 6- Discharge (10 min)
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SC-SBRVIA-NITRITE OPTIMIZATION LOGIC CONTROL

DATA CYCLE

IDENTIFICATION OF FAULTS

%

450

400
R? = 0,8665
300
250
200
150
100

50

i 0 1000 2000 3000
Conducibilita elettrica (mS/cm)

PROFILES SIGNAL PROCESSED

INTELLIGENT CONTROL SYSTEM )

ELECTRICAL CONDUCTIVITY
DISSOLVED OXYGEN
pH 0

—

RESULTS: CONTROL POINTS OF IDENTIFICATION

MOVE TO THE NEXT STEP

Co-funded by the Horizon 2020 programme
of the Eurcpean Union

% Ntot removal

N-NO, production

Dosage BACS
for N&P biological
removal

4000
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DENITRATION&EPBR

BACS: A MIXTURE OF SCFAS FOR

PHOSPHOROUS
REMOVAL

CH,COOH

CH,CH,COOH
CH,CH,CH,COOH

CH,CH,CH,...COOH

Zeng, et al (2006)
Bouzas, et al (2000)

Co-funded by the Horizon 2020 programme
of the Eurcpean Union

Phosphorus
Accumulating
Organism

t

t

<4=Want These

Not These =

(50% - 60%)
Propionic Acid
(25% - 30%)

Butyric Acid

(5% - 15%)

Other SCFA

Acetic Acid J

Glycogen
Accumulating
Organism

Drives the

__ competitive
advantage
towards PAOs

=

Fermentation promotes production of acetate
and propionate as primary by-products
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"S.C.E.N.A.NITROGEN & PHOSPHORUS REMOVAL

CYCLE
- @
3 mgP/gMLVSS*h 15 mgP/gMLVSS*h
Aerobic Uptake Anoxic Uptake
120 :
, A eroblc Aerobic Anoxic
100 (L& fill
. P anoxic
—
= 80
3
= 60
-
o
o 40
£
20
N _ ¥ TS __
O 100 200 300
Time (min)

—-4A-NH4-N -©-NO2-N -@-NO3-N -{1}+PO4-P

Co-funded by the Horizon 2020 programme
of the European Union

/0
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S.C.E.N.A. NITROGEN REMOVAL KINETICS

BACS dosage is automatically dosed during ANEROBIC phase and
than during ANOXIC phase: the denitritation phase of the scSBR
operation to remove nitrite and in the same time phosphorus.

CARBONERA S.C.E.N.A. SBR
SPECIFIC NUTRIENTS REMOVAL RATES - (T = 20 °C)

sAUR (mgN/gVSS*h) 12 -15

SNURgacs (MgN/gVSS*h) 35-40

CARBONERA WWTP MAIN LINE
SPECIFIC NUTRIENTS REMOVAL RATES - (T = 20 °C)
sAUR (mgN/gVSS*h) 1.5-25

- Giimdidi o S0 popmes sNUR (mgN/gVSS*h) 5-6
of the Eurcpean Union
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CARBONERAWWTP MAIN LINE....FIRST RESULTS

— %
‘ Start-up \ ‘ Start BACS 21
2300 20
22
00 19
2100
2000 18
1900 17
1800 16
1700 - 15
1600 14
c 1500 13
2 o 2 5
4 11
1200 \ S
1100 \ 10
1000 o \\ -9
900 W 8
800 - 7
700 6
600 N -
jgg NV S— 4
300 A o~ 3
200 - A -2
100 -1
0 T l.l I.l T l._|__ 0
1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67 70 73 76 79 82 85 88 91 94 97 100
# kWhBIO A N-NH4out @ N-NO2out —e—N-NO3out —m—NH4+NOx Time (d)

Co-funded by the Horizon 2020 programme
of the European Union



"SPECIFIC OPEX FOR SUPERNATANT TREATMENT

AFTER 9 MONTHS OPERATION

PERSONELLE
14%

SLUDGE
PRODUCTION
1%

Co-funded by the Horizon 2020 programme]
of the Eurcpean Union

_ C/REIN TN ... T FICIh . .
ENERGY CONSUMPTION kWh/d 90 €0,61
STORAGE SUPERNATANT kWh/d 9,6 11% €0,06
Storage mixer kw | 16| h/d| 6lkwh/d | 9,6 11% €0,06
SBR kwWh/d 59 65% €0,39
Load pump kw 1,8 h/d 0,4/kwh/d 0,8 0,8% €0,01
Discharge pump kW 1,35 h/d 0,8|kwh/d 1,1 1,3% €0,01
Mixer SBR kw 1,4 h/d 7,3|kwh/d 10,3 11,4% €0,07
Air Blower kW 3,7 h/d 12,6|kwh/d 46,6 51,7% €0,31
FERMENTER kWh/d 12 13% €0,08
Fermenter Mixer kw 0,5 h 24{kwh/d 12 13,3% €0,08
Heating System kw 0 h 24|kwh/d 0 0,0% €0,00
S/LSEPARATOR kWh/d 10 11% €0,07
Sludge load pump kw 0,35 h/d 6|kwh/d 2,1 2,3% €0,01
Screw Press kW 0,3 h/d 6|kwh/d 1,8 2,0% €0,01
BACS pump to storage kW 1 h/d 2|kwh/d 2 2,2% €0,01
Poly pump kW 0,32 h/d 6|kwh/d 1,92 2,1% €0,01
BACS dosage pump kw 1,4 h/d 1,4|kwh/d 1,9591837 2,2% €0,01
POLYELECTROLYTE DOSAGE kg/d 9,5 €0,56
Dosage solution poly-water]|lt/h 300 h/d 6|It/d 1800
Dosage poly % vol 0,5% kg/l 1,05|kg/d 9,45
PERSONELLE €0,21
MAINTENANCE €0,10
MAINTENANCE €1,49

7%

1,49 €/kgN rem...+ Prem

CarboneraWWTP
3,4 €/kgN rem
reduction of supernatants OPEX - 56%

Optimizing at 50 kgN/d = 1,0 - 1,2 €/ kgN rem...+ Prem
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- FOOTPRINT :S.C.E.N.A.VS. CONVENTIONAL

How much VOLUME of Biological Reactor to treat the same Load?
It Reactor/P.E. OTHERS/S.C.E.N.A.  VOLUME (mc)

Conventional MLE 180 12 840
Intermittent Aeration 150 10 700
Carbonera WWTP Main line 114 7,6 533
Carbonera S.C.E.N.A. SBR 15 1 70

v’ Less impact on the landscape
S.C.E.N.A. SBR

v" Lower costs of costruction

Carbonera WWTP

Intermitted Aeration
- Colknged by he Horaon 2020 pogramme Conventional MLE
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ABSTRACT

The environmental and economic benefits and burdens of including the first Short Cut Enhanced
Mutrient Abatement (SCENA) into a real municipal wastewater treatment plant were evaluated using life
cycle assessment (LCA) and life cycle cest (LCC). The implications of accomplishing nitrogen (N} removal
and phosphorus (P) recovery via nitrite in the side stream were assessed taking into account the actual
effluent quality improvement, the changes in the electricity and chemical consumption, N20, COz and
CH,; emissions and the effects of land application of bicsolids, among others. In addition, a case-specific
estimation of the P availability when sludge is applied to land, therefore replacing conve ntional fertilizer,
was performed. Furthermore, to account for the variability in input parameters, and to address the
related uncertainties, Monte Carlo simulation was applied.

The analysis revealed that SCENA in the side stream is an economic and environmentally friendly
solution compared to the traditional plant layout with no side-stream treatment, thanks to the reduction
of energy and chemical use for the removal of N and P, respectively. The uncertainty analysis proved the
validity of the LCA results for global warming potential and impact categories related to the consumption
of fossil-based electricity and chemicals, while robust conclusions could not be drawn on freshwater
eutrophication and toxicity-related impact categories. Furthermore, three optimization scenarios were
also evaluated proving that the performance of the WWTP can be further improved by, for instance,
substituting gravitational For mechanical thickening of the sludge or changing the operational strategy to
the chemically enhanced primary treatment, although this second alternative will increase the opera-
tional cost by 5%. Finally, the outcomes show that shifting P removal from chemical precipitation in the
main line to biclogically enhanced uptake in the side stream is key o reducing chemicals use, thus the
operational cost, and increasing the environmental benefit of synthetic fertilizers replace ment.

© 2017 Elsevier Ltd, All rights reserved,




SCENA 2.0 WITHIN SMART-PLANT
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SCEPPHAR: via nitrite
nhitrogen removal and
PHA recovery from
cellulosic sludge
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.

The «short-cuty» SMART innovation:

* Integrate the via-nitrite nitrogen removal with the PHA
recovery = major interest of the water utility

* Adopt anoxic (via-nitrite) conditions to optimize energy
consumptions

* Phosphorus (struvite) recovery even to support the balance
of nitrogen and phosphorus to the PHA recovery

* Use of cellulosic sludge from upstream concentration

Co-funded by the Horizon 2020 programme
of the European Union
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Pilot Scale SCEPPHAR

LA STAMPA TUTTOGREEN BT - | £ R
SMART-Plant, dai rifiuti la fabbrica di nuova

materia

Un progetto europeo da 10 milioni di euro che a convertire gli impianti di trattamento
delle acque reflue urbane in “fabbriche” di nuova materia prima subito riutilizzabile

ProvaSky
per 6
settimane

Installazione
standard inclusa

Prima vedi
e poi decidi.

0.7-0.8 kgPHA and 0.3 kgStruvite per day

Co-funded by the Horizon 2020 programme
of the Eurcpean Union
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