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Our main R&D&I topics 
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directed towards the circular economy concept: convert waste streams into value 

streams 
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treatment processes 
Supported by the Horizon 2020  
Framework Programme 
of the European Union 



Bringing R&D&I to full scale:  
example of the new wwtp of Catania 

•   100% treated water 
reuse 

•   Energy efficiency  
•   Possible resource 

recovery Supported by the Horizon 2020  
Framework Programme 
of the European Union 



Industrial WWTP Porto Marghera, Venice, Italy  
(EU largest industrial Membrane BioReactor) 

Supported by the Horizon 2020  
Framework Programme 
of the European Union 



Our ongoing EU R&D&I projects  
(within Horizon2020)  

Supported by the Horizon 2020  
Framework Programme 
of the European Union 

EU H2020 - ENERWATER  
Standard method and online tool for assessing and improving the energy efficiency of waste water 

treatment plants 

EU H2020 – SMART-Plant 
Scale-up of low-carbon footprint material recovery techniques in existing wastewater treatment 

plants 

EU H2020 – RES URBIS 
REsources from URban BIo-waSte 

EU H2020 – NoAW 
Innovative approaches to turn agricultural waste into ecological and economic assets 

Water 

Water 

Water 

Water 

Waste 

Waste 

EU H2020 – IntCatch 
Development and application of Novel, Integrated Tools for monitoring and managing 

Catchments 

EU Water JPI – Pioneer STP  
The potential of innovative technologies to improve sustainability of sewage treatment plants 



Contents of the presentation 

Supported by the Horizon 2020  
Framework Programme 
of the European Union 

SMART-Plant: circular management of wastewater  

1 

2 

3 
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Linear vs Circular Economy 
ECOMONDO: #1 Italian platform for circular economy 

SP-JV to deliver custom solutions for valorizing 
recovered chemicals 

Urban mining by integration of organic waste 
treatments and municipal wastewater  
 



The Linear Economy 

•   Current economic model of 
‘Take-Make-Dispose’ 

•   World as unlimited 
resource and waste bin; 

•   65 billion tonnes of raw 
materials enter the 
economic system, p.a.; 

•   Around 60% of waste ends 
up in landfill… 

Supported by the Horizon 2020  
Framework Programme 
of the European Union 



The circular economy 

Supported by the Horizon 2020  
Framework Programme 
of the European Union 



Supported by the Horizon 2020  
Framework Programme 
of the European Union 



Circular Economy: 
imitation of natural cycles 

The circular economy requires a very careful 
management of two material flows:  
•  biological nutrients (biomasses) to be 

returned safely to the biosphere to restore the 
natural capital;  

•   technical nutrients (materials) designed to 
keep quality and circulate without entering back 
in the biosphere 

Supported by the Horizon 2020  
Framework Programme 
of the European Union 



Circular Economy:  
our choice 

The European Commission has adopted an 
ambitious new Circular Economy Package to 

stimulate Europe’s transition towards a circular 
economy that will boost global competitiveness, 

foster sustainable economic growth and 
generate new jobs.  

This transition will be supported 
financially by the European Structural & 
Investment Funds (ESIF), which include 
€5.5 billion for waste management.  

Supported by the Horizon 2020  
Framework Programme 
of the European Union 



2030 –       Waste Targets 

PREVENTION 

REUSE & RECYCLING 
(incl. compost) 

min 70% 

INCINERATION 

LANDFILL  
zero recyclables or biodegradable waste by 2025 (<25%) 

     phase out by 2030 (=<5%) 

ECODESIGN 

Separate 
Collection 

Producer 
Responsibility 

Food 
waste 
30% 

MUNICIPAL WASTE 

Marine 
Litter 
30% 

Landfill 
Charges 

Supported by the Horizon 2020  
Framework Programme 
of the European Union 



30% more 
GDP per ton 

<5% 

70%
+ 



ECOMONDO: 
the platform 

of the 
circular 

economy 
www.ecomondo.co

m 

Supported by the Horizon 2020  
Framework Programme 
of the European Union 



Water in the circular 
economy? 

The wastewater treatment 
plant is the key enabling 

element of the value chain 

Supported by the Horizon 2020  
Framework Programme 
of the European Union 



Conventional  WWTP 

Sewage Treatment Plant: 
Activated Sludge Process 

COD, N, P 

CO2 

Energy 

Treated water 

Solids Sludge 

Supported by the Horizon 2020  
Framework Programme 
of the European Union 



Advanced and circular WWTP 

Sewage Treatment Plant: 
Innovative Technologies 

COD, N, P, Solids 

Micropollutants 

CO2 VOCs GHG 

Energy 

High quality water 
(reuse) 

Biosolids 
Recovery products 

Change of 
Paradigm 

Supported by the Horizon 2020  
Framework Programme 
of the European Union 



Resources embedded to 
municipal wastewater 

Parameter Valu
e 

Reusable water (m3/capita year) 91,3 
Cellulose (kg/capita year) 6,6 
Biopolymers; PHA (kg/capita year) 3,3 
Phosphorus in P precursors (kg/capita year) 0,9 
Nitrogen in N precursors (kg/capita year) 4,6 
Methane (m3/ capita year) 12,8 
Organic Fertilizer (P-rich compost) (kg/capita 
year) 9,1 
Verstraete et al. (2009) Bioresource Technology 100, 5537–5545 
Salehizadej and van Loosdrecht (2004) Biotechnology Advances 22, 261–279 

Key Enabling Strategy: upstream solid 
concentration, integration and innovation of the 

sewage sludge treatment Supported by the Horizon 2020  
Framework Programme 
of the European Union 



STech 
1

Stech 
3

STech 
2b

STech 
2a

STech 4a

STech 4b

STech 5

Treated water 

Struvite,(NH4)2SO4
P-Compost

Biopolymers

Cellulose

Nutrients
removal

Phosphorus recovery

PHA recovery

Cellulose recovery

Water reuse

Soil 
amendment

Plastics, 
biomass 

plants and 
composite 
material 

industries

Mainstream
Renovation 

& Integration

Sidestream 
Integration

CONVENTIONAL
EXISTING
WWTP

Environmental and 
human health protection

New water governance 
and utility management 

persepectives

New  sustainable 
chemical sourcing model 

New jobs opportunities in 
circular economy

Carbon removal

Biogas recovery Energy-efficiency

The overall target of SMART-Plant is to validate and to 
address to the market a portfolio of SMARTechnologies 
that, singularly or combined, can renovate and upgrade 
existing wastewater treatment plants and give the added 
value of instigating the paradigm change towards efficient 
wastewater-based bio-refineries. 

Supported by the Horizon 2020  
Framework Programme 
of the European Union 



The SMART-Plant consortium 

Supported by the Horizon 2020  
Framework Programme 
of the European Union 



o    

SMART-Plant SMART-
People 

The SMART-Plant Consortium 



SMART-Plant open the 
pathway to deliver circular 

economy 

CHEMICALS / 
PROCESSING 

SCALE 
UP 

Supported by the Horizon 2020  
Framework Programme 
of the European Union 



SMART-Plant workplan 
structure 

WP7 Ethics 

WP7 Ethics 

Supported by the Horizon 2020  
Framework Programme 
of the European Union 



The SMARTechnologies 

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 

Supported by the Horizon 2020  
Framework Programme 
of the European Union 



SMARTech1: Primary (upstream) dynamic 
sieving and clean cellulose recovery 

Mixed buffer
Separation 

course parts
(> 1.5 mm)

Inactivate 
biological 
activity

Grid removal FOG removal Fibre 
separation

Dewatering Desinfection

Flitrate

Screenings

further 
upgrading Product sales

Inactivation 
biological activity Separation 

course parts 
Sand-/grid 
removal Fibre separation 

Supported by the Horizon 2020  
Framework Programme 
of the European Union 



Realization of a full-scale plant 
ü   all process steps combined in one process 

Optimization: 
ü   Efficiencies of different process steps 
ü   Energy-/chemical consumption individual process steps 
ü   Quality cellulose fiber after different process steps 
ü   Optimization interdependence 
 
Market development 
ü   Marketing and valorization of recovered cellulose 

ü   Reuse in asphalt 
ü   Raw material for composite (Brunel) 
ü   Insulation materials (In development, not sure yet) 

 

First pilot 
testing 

SMARTech1: Primary (upstream) dynamic 
sieving and clean cellulose recovery 

Supported by the Horizon 2020  
Framework Programme 
of the European Union 



§   B1 Technical Part 
1.  An innovative anaerobic immobilized polymeric 

biofilter. 
2.  Reaction volume -25 m3 will be designed and 

installed in the WWTP of Karmiel (North of 
Israel) 

3.  Characteristics: 
-   100-120 m3/d.  
-   Removal of 30-40% of CODf  
-   Additional of  25% biogas  
-   Reduction of 25-30% energy consumption.  
4. Operation optimization, monitoring and validation:  
-   biogas yield 
-   biomass activity  
-   treated effluent quality 

SMARTech2a: Secondary mainstream 
biogas recovery by polyfoam biofilter 

Supported by the Horizon 2020  
Framework Programme 
of the European Union 



SMARTech2b 

Mainstream SCEPPHAR 

§   Two SBR 

§   Buffer tank 

§   P-recovery system 

SMARTech2b: Secondary mainstream 
SCEPPHAR  

Supported by the Horizon 2020  
Framework Programme 
of the European Union 



SMARTech3: Tertiary nutrient recovery by 
mesolite and nano ion exchange 

Secondary 
influent 
10-60 m3/day 

Supported by the Horizon 2020  
Framework Programme 
of the European Union 



 
 

SMARTech4a/b Sidestream 
S.C.E.N.A. 

  
 

Supported by the Horizon 2020  
Framework Programme 
of the European Union 



Main features of 
S.C.E.N.A. 

•  Costs for nitrogen removal 1.1-1.6 €/kgN 
•  Biological rates 10-12 times higher than 

conventional activated sludge processes 
•  Enhanced Biological Phosphorus Recovery 

associated to the biological sludge 
•  Applicable on strong nitrogenous fluxes (e.g. 

anaerobic digestate, landfill leachate, livewaste 
slurries and agro-waste, etc) 

Supported by the Horizon 2020  
Framework Programme 
of the European Union 



Biopolymers (PHA) 
recovery 

Plastic Purification 

Conversion with 
methanol Biofuel 

Direct chemical 
conversion 

Biochemical 

Courtesy: R. Kleerebezem - Water_2020 network 



Microbial Community Engineering (MCE) 
for bioplastic production from 

wastewater Explore natural microbial community Impose selective pressure 

Select dominant work horse 
Products and energy 

Courtesy: R. Kleerebezem - Water_2020 network 



SMARTech5 Sidestream SCEPPHAR 
  

 1-Production of VFAs 
and struvite from 
cellulosic sewage 
sludge 

2-Nitrogen removal via-
nitrite driven by Selection 
of PHA storing biomass 

3-PHA accumulation 

Wastewater 

Reject Water 

PHA 
extraction 

Fed-bacth reactor 

Nitritation and Selection SBR 

Fermentation S/L 

Mg(OH)
2 

Cellulosic 
Sludge Struvite 

VFAs 

VFAs 

Treated Reject 
Water 

Selected PHA 
storing biomass 

35 

Supported by the Horizon 2020  
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Downstream SMARTechA Post-processing of 
recovered cellulose and PHA for bio-composites 

production 
§   Downstream SMARTechA: Incorporation of the recovered cellulosic and 

PHA-rich materials as raw materials for the production of new type of 
sludge plastic composite (SPC);  

§   Processing of SPC is to be based on the modified extrusion process 
used for processing classical WPC; 

Supported by the Horizon 2020  
Framework Programme 
of the European Union 



1000 Lreactor 

Biodrying  Obtain a biofuel from cellulosic 
sludge 

1)  Mixture of bulking agent + P-rich sludge (SCENA) 
2)  Mixture of bulking agent + Mesolite recovered compounds 

+ Prich sludge 
3)  Mixture of mesolite recovered compounds + P-rich sludge 

+ conventional WWTP sludge 

100 -250 Lreactor 

Bio-drying is a compost-like process, however, the eventual 
goal of this concept is to use the metabolic heat to remove 
water from the cellulosic sludge at the lowest possible 
residence time and minimal carbon biodegradation hence 
preserving most of the gross calorific value of the waste matrix  

 

 

 

Exhaust gases 

Dewatering system 

 
Aerobic rotary drum 
(bidorying 2nd phase) 

 

 
Aerobic biodrying reactor 

(bidorying 1st phase) 
 

Solid 
fraction Cellulosic 

sludge 

Dynamic Composting  Obtain a compost rich in 
nutrients from P-rich slduge 

Downstream SMARTechB Post-processing of 
cellulosic and P-rich sludge 

Supported by the Horizon 2020  
Framework Programme 
of the European Union 



 
 
SMARTechB Post-processing of cellulosic and P-rich sludge 
 
 
Evaluation of P fertilizing effects of P-rich sludge and struvite 
 
 
P: “the disappearing nutrient”     find new sources 
 
Mg: “the forgotten element”                     widespread deficiency,increasingly used in 
fertilizer programs 
 
Plant species: monocots (maize) and dicots (grapevine) 

Supported by the Horizon 2020  
Framework Programme 
of the European Union 



SMART-Plant Business plan and market 
deployment strategy 

Primary licensing stream 

Lever and Cross licensing 
stream 

Supported by the Horizon 2020  
Framework Programme 
of the European Union 



The business model is 
developed profiling key 

target groups: 
•  Water utilities: grouped into basic, 

intermediate and advanced clusters  
•  Chemical and downstream processing 

industries: related to the four main strategic 
pillars: Construction, additive, Agrics and 
Intermediates 

Supported by the Horizon 2020  
Framework Programme 
of the European Union 



Public/private water utility management 
perspectives to deliver circular economy with the 

chemical industries 

Public  Private  
Water pricing models  

Water pricing  

Residual value 

Production function approach 
Optimization models and programming 
Hedonic pricing 
Opportunity Cost 

Interviews 

Information 
partners 

Pricing Scenarios  
Water utilities needs  

Value 
scenarios 

Supported by the Horizon 2020  
Framework Programme 
of the European Union 



SMART-product portfolio dvt. for the recovered 
resources 

SMART-Plant strategic pillars 

Construction 
§   Compound

s PHB / 
cellu-lose 
to be 
developed 
by 
ECODEK  
defined in 
key 
product 
grades ba-
sed on 
market end 
use 

Additives 
§   Selected 

additive 
application
s for 
consu-mer, 
incl. 
plastics, oil 
& gas and 
constructio
n to be 
refined for 
SMART 
products 

Intermediates 
§   VFA and N 

and P 
derivatives 
recovered 
from 
SMARTech
nologies to 
be 
assessed 
as 
chemical 
intermediat
es 

Agriculture 
§   Struvite 

and P rich 
compost  to 
be 
assesses 
with 
respect to 
use for 
agriculture, 
in selected 
European 
countries 

SMART- Product portfolio with key product offer by strategic pillar to 
guide exploitation  

Supported by the Horizon 2020  
Framework Programme 
of the European Union 



SMART-Plant exploitation matrix and 
heat map 

Supported by the Horizon 2020  
Framework Programme 
of the European Union 



Only municipal wastewater? The WWTP 
can be the urban biorefinery! 

Supported by the Horizon 2020  
Framework Programme 
of the European Union 



Integration of municipal 
wastewater and organic waste 

treatment 
First reported in 1988, a 
pioneering study of co-digestion 
by Cecchi et al. 
at Treviso WWTP 

Mata-Alvarez J, Dosta J, Macé S, Astals S (2011),  Crit. Rev. Biotechnol. 31:99-111 

Supported by the Horizon 2020  
Framework Programme 
of the European Union 



TECHNOLOGIE
S 

1) Source Separate Collection 2) Under Sink Food Waste 
disposer 



THE TREVISO 
FULL SCALE 

WWTP 

Supported by the Horizon 2020  
Framework Programme 
of the European Union 



AF-BNR-SCP: process 
scheme 
Municipal 

Wastewater OFMSW 

sludge 

BNR 

Clean 
water struvite 

FBR  
crystallisation 

biogas 
Controlled 

fermentation 

codigestion 

Sewage sludge 

Co 
generat

ion 

Liquid phase 

Supported by the Horizon 2020  
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TECHNOLOGIE
S 

Biowaste pre-treatments: Case Studies 

Treviso (Italy) 

Supported by the Horizon 2020  
Framework Programme 
of the European Union 



The Struvite Cristallization 
Plant at the Treviso WWTP 

 

 

The Struvite  

N-P low release 
fertilizer 

Struvite Crystallization Plant 

Supported by the Horizon 2020  
Framework Programme 
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TECHNOLOGIE
S 

Biowaste pre-treatments: Case Studies 

Rovereto (TN, Italy) Hammer Mill 

Hammer 
mill 

Biowaste 

Pre-
treatment 

Reject  20 % 

Digester 

Biogas to 
CHP 

Solid to composting 

Liquid to WWTP “MEDIUM” energy consuming pre-
treatment 

Design capacity, t/y 5.000 SS-biowaste      
110.000 sludge (5% TS) 

Actual Capacity, t/y 3.000 SS-biowaste    
70.000  sludge (x% TS) 

Process Wet  

Reactors 2 x 2.500 m3 

Temperature  Mesophilic 

Supported by the Horizon 2020  
Framework Programme 
of the European Union 



TECHNOLOGIE
S 

Biowaste pre-treatments: Case Studies 

Rovereto (TN, Italy) 



How to deliver to the 
market?  

The SMART-Plant Joint 
Venture 

Supported by the Horizon 2020  
Framework Programme 
of the European Union 



Supported by the Horizon 2020  
Framework Programme 
of the European Union 

SMART-Plant Joint Venture 



Supported by the Horizon 2020  
Framework Programme 
of the European Union 

1
Identify
• Key resources to recover
• Technology upgrade reqquired

2 Exploitation of Chemicals (getting full 
value of Urban Mining)

SMART-Plant JV will support 
in 



• Technology upgrade roadmap
• Recovered resources plan / to 

match local demand

Concept

• Upgrade and resource recovery
• Chemicals application dvt. to 

match unmet market need

Implementation

• Market introduction of Chemicals
• Derive full value of Urban Mining
• Close the loop of circular economy 

in wastewater treatment plants

Realization

Supported by the Horizon 2020  
Framework Programme 
of the European Union 

Target is to use full value from Urban Mining 

SMART-Plant Exploitation Manager: InnoEXC 
fabiana.fantinel@innoexc-hub.com; 

barbara.lang@innoexc-hub.com  



Thank you for your attention 
and… see you in ECOMONDO 

2016 

Supported by the Horizon 2020  
Framework Programme 
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www.ecomondo.com 


