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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 
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



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, 

singularly or combined, can renovate and upgrade existing 

municipal wastewater treatment plants (WWTPs) to water 

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

Plant aims at reducing the energy and environmental 

footprint and, contemporary, at recovering valuable 

materials (the SMART-Products: water, cellulose, 

biopolymers, nutrients) that are valued in 

construction, chemical and agriculture supply chain
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• 8 Research Organisations
• 11+1 Technology/Service Providers
• 6 Water utilities

SMART-Plant partners

Main SMART-Plant interactions in Europe



Influent Effluent

Biogas

Dehydrated
sludge Water line

Sludge line

Conventional Primary 
Sedimentation replaced by 

Primary Upstream SMARTech1

Conventional Activated Sludge 
replaced by Secondary Mainstream 

SMARTechs 2a and/or 2b

Conventional or Enhanced 
Anaerobic Digestion 

integrated by Sidestream 
SMARTechs 4a,4b or 5

Conventional Secondary 
Effluent refined by Tertiary 
Mainstream SMARTech3

SMART-Plant approach and SMARTechs



SMARTech
n.

Integrated 
municipal WWTP

Key enabling process(es) SMART-product(s)

1 Geestmerambacht
(Netherlands)

Upstream dynamic fine-
screen and post-processing of 

cellulosic sludge

Cellulosic sludge, 
refined clean 

cellulose
2a Karmiel (Israel) Mainstream polyurethane-

based anaerobic biofilter
Biogas, Energy-

efficient water reuse 

2b Manresa (Spain) Mainstream SCEPPHAR P-rich sludge, PHA

3 Cranfield (UK) Mainstream tertiary hybrid 
ion exchange

Nutrients

4a Carbonera (Italy) Sidestream SCENA P-rich sludge, VFA

4b Psyttalia (Greece) Sidestream Thermal 
hydrolysis – SCENA

P-rich sludge

5 Carbonera (Italy) Sidestream SCEPPHAR PHA, struvite, VFA

The existing WWTPs upgraded to WRRFs



Primary dynamic sieving and clean cellulose recovery
2009-2015: Several pilot scale 

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

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

SMART-Plant

• Create a constant stream of re-used cellulose, by a validated process
• Validated application of sustainable re-use 
• Develop other applications (Bio-composites, insulation material)



Short-cut enhanced nutrients abatement to treat sludge liquors

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

2011-2013: Lab 
scale SCENA 
process in 

Verona (30 L)  



SCENA application at demo scale
Carbonera WWTP 

100 m3/d reject water

Psyttalia WWTP 
2-3 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 
nutrient removal/recovery



Secondary mainstream SCEPPHAR 

 Two SBR
 Buffer tank
 P-recovery system

2004-2010: Lab scale 
testing (10 L & 100 L)  



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 



Development of lignocellulosic PHA 
biocomposites

Cellulose
/Plastic 

Composites

Wood/PHA 
Composites

Cellulose/PHA 
Composites

• Chemical structure & bonding
• Crystalline structure 
• Microstructure 
• Bulk mechanical property
• In situ mechanical property
• Thermal property
• Barrier property
• Hydrophilicity/hydrophobicity 
• Biodegradability

Stiffening/Toughening
Compatibilisation

Plasticisation
Functionalisation

Optimal Formulation

Post-processing of recovered cellulose and PHA 
for bio-composites production



SMART-Plant benefits 
Category Main Benefits

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

• Technology Verification 
• Solving real operating problems 

Environmental • Low carbon footprint through online recording of energy and 
GHG emissions 

Social • Social acceptance of derived materials 
• Improved water utility reputation through the use of advance

technologies and ‘green and circular feedstock’

Financial • Cost-efficiency
• Impact on water tariff
• Circular inter-sectorial value chain with chemical, agricultural and 

construction sectors



SMART-Plant exploitation matrix and heat map 
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Focus on via-nitrite nitrogen
removal, phosphorus or 
biopolymers recovery in 

Carbonera sewage sludge
treatment line





BNR AND ANAEROBIC DIGESTION

BOD 100%
TN 100%
TP 100%

BOD <5%
TN 15-30%
TP 10-30%
To discharge

BOD 50%
TN    40%
TP    70-90%

TN 50-65%

BNR

Sludge
digester

Primary
settling tank

Secondary
settling tank

BOD 30%
TN    40%
TP    70-85%

BOD 0% TN 20% TP 20-30%

BOD 30%
TN    20%
TP    40-55%

Centrifuge

To composting 
and land 

application

!



WHEN SLUDGE THERMAL HYDROLYSIS IS APPLIED…

2.500 – 3.000 mgN-NH4/l



NITROGEN AUTOTROPHIC REMOVAL? 
OFTEN THE BEST SOLUTION.

Courtesy Yvonne Schneider 

More than 100 full scale plants for side-stream treatment



What about
phosphorus?
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The P recovery full scale plant in the cover is located in 
TREVISO municipal wastewater treatment plant

CONSTRUCTED AND COMMISSIONED ABOUT 15 YEARS 
AGO

MADE IN ITALY

Once upon a 
time…



BIOLOGICAL REACTOR
(SCHREIBER PROCESS)
+ chemical P removal

FINAL FILTRATION & DISINFECTION

PUMPING & PRE-TREATMENTS

PRIMARY SETTLING

SECONDARY SETTLING

ANAEROBIC DIGESTION

DEWATERING

PRE & POST STATIC 
THICKENING 

CARBONERA WWTP – 40.000 PE



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 N2O 

emissions)
Denitritation and anoxic EBPR 
Sequencing Batch Reactor 

Control Automation on the basis of pH, ORP and conductivity

Supported by the Horizon 2020 
Framework Programme
of the European Union



BACS
production

SUPERNATANTS
Via-Nitrite Treatment

S.C.E.N.A. SYSTEM



S.C.E.N.A. SBR BASIC CYCLE

1- Filling (5 min)

2- Anaerobic (60 min)

3- Aerobic (180 - 200 min) 

4- Anoxic (45 min)

5- Settling (40 min) 

6- Discharge (10 min)

VFAs

VFAs

BACS Carbon source addition

BACS Carbon source addition

Nitrogen & 
Phosphorus

Biological
removal



SC-SBR VIA-NITRITE OPTIMIZATION LOGIC CONTROL

DATA CYCLE

IDENTIFICATION OF FAULTS

PROFILES SIGNAL PROCESSED

INTELLIGENT CONTROL SYSTEM DISSOLVED OXYGEN

pH

RESULTS: CONTROL POINTS OF IDENTIFICATION 

MOVE TO THE NEXT STEP

% Ntot removal

Dosage BACS 
for N&P biological 
removal

N-N02 production

ELECTRICAL CONDUCTIVITY



BACS: A MIXTURE OF SCFAS FOR 
DENITRATION&EPBR



S.C.E.N.A. NITROGEN & PHOSPHORUS REMOVAL 
CYCLE

15 mgP/gMLVSS*h
Anoxic Uptake

3 mgP/gMLVSS*h
Aerobic Uptake



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  WWTP  MAIN LINE

SPECIFIC NUTRIENTS REMOVAL RATES - (T = 20 °C)

sAUR (mgN/gVSS*h) 1.5 – 2.5

sNUR (mgN/gVSS*h) 5  - 6

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

sAUR (mgN/gVSS*h) 12 - 15

sNURBACS (mgN/gVSS*h) 35 - 40
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CARBONERA WWTP MAIN LINE....FIRST RESULTS
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h
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g/

l

Time (d)



Carbonera WWTP
3,4 €/kgN rem 
reduction of supernatants OPEX – 56% 

SPECIFIC OPEX FOR SUPERNATANTTREATMENT
AFTER 9 MONTHS OPERATION

LOAD  = 29 kgN/d €/kgN rem ...+ Prem
€ 0,61

9,6 11% € 0,06
Storage mixer kW 1,6 h/d 6 kwh/d 9,6 11% € 0,06

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

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

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

€ 0,56
Dosage solution poly-water lt/h 300 h/d 6 lt/d 1800
Dosage poly % vol 0,5% kg/l 1,05 kg/d 9,45

€ 0,01
€ 0,21
€ 0,10

€ 1,49

POLYELECTROLYTE DOSAGE                                                                                kg/d 9,5

SLUDGE PRODUCTION                                                                                       kg/d 4,0
PERSONELLE
MAINTENANCE

ENERGY CONSUMPTION                                                                                   kWh/d 90
STORAGE SUPERNATANT                                                                                                               kWh/d

SBR                                                                                                                                                        kWh/d

FERMENTER                                                                                                                                         kWh/d

S/L SEPARATOR                                                                                                                                 kWh/d

ENERGY 
CONSUMPTION

41%
POLYELECTROLYTE

37%

SLUDGE 
PRODUCTION

1%

PERSONELLE
14%

MAINTENANCE
7%

1,49 €/kgN rem...+ Prem

Optimizing at 50 kgN/d  1,0 - 1,2  €/ kgN rem...+ Prem



FOOTPRINT : S.C.E.N.A. VS. CONVENTIONAL

lt 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

How much VOLUME of Biological Reactor to treat the same Load?

Intermitted Aeration
Conventional MLE

Carbonera WWTP

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

 Lower costs of costruction



S.C.E.N.A. FULL SCALE 1.0 –
WATER RESEARCH PAPER (2017)



DYNAMIC THICEKNER

FERMENTATION

SCREW-PRESS
S/L SEPARATION

BACS STORAGE

SUPERNATANTS STORAGE

VIA-NITRITE scSBR

SALSNES FILTER

SCENA 2.0 WITHIN SMART-PLANT



SCEPPHAR: via nitrite 
nitrogen removal and 
PHA recovery from 

cellulosic sludge



Our benchmark:
Anoxkaldnes Cella™



The «short-cut» 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



SMARTech5: sidestream S.C.E.P.P.H.A.R. 



Pilot Scale SCEPPHAR

0.7-0.8 kgPHA and 0.3 kgStruvite per day
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