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Outline of the presentation

e Brief outline of our R&D&!I activities to deliver
circular economy in water and waste sectors

e Circular economy in the water sector: new key role
for wastewater stakeholders and operators

e The SMART-Plant Innovation Action

e Technologies
e Business models
 Market exploitation and replicability

e Wastewater treatment plant as urban biorefinery
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Who we are and what we do
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Our main R&D&I topics

o Design, operation and optimization of innovative wastewater treatment processes directed

towards the circular economy concept: convert waste streams into value streams
* Nutrients recovery
* Energy production
» Bioplastics production
» Carbon and environmental footprint reduction

o Anaerobic (co)digestion of biowaste

o Treatment of supernatant from anaerobic digestion for nutrients removal or recovery and

bioplastics production

o Occurrence and removal of emerging contaminants during waste and wastewater treatment

processes
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Our ongoing EU R&D&! projects
(within Horizon2020)

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

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

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

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

EU H2020 - RES URBIS
REsources from URban Blo-waSte

EU H2020 — NoAW
Innovative approaches to turn agricultural waste into ecological and economic assets
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Water Utility Pathways
in a Circular Economy %




Water utility pathways in the
circular economy

Water utilities can become engines for the circular
economy by following three interrelated pathways:

*The water pathway
*The material pathway
°The energy pathway
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The water pathway

Potable water

B Non-potable water

. Wastewater

!] Reclaimed water

. Greywaler
Rainwater

1 Upstream investments 6 Reused water for industry

@ Rainwater harvesting 7 Direct potable reuse
Egmﬁﬂi ad 4 B Leakage/Waterloss
Emjﬁxf T Reduction in water consumption

Reused water for agriculture @
and aquaculture Onsite treatment

Supported by the Horizon 2020
Framework Programme
of the European Union

s LINIVIRSITA
:;, FOLITECNICA
[ELLE MaraZliE

o

SMART-Plant

g 2% 227 ECOMONDO

INTB!EXPOCNE EC




The materials pathway
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The energy pathway

M Organic srneryy

. Heat

~A¥] * _‘- Tapographic energy
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Electricity produced from distribution systems

Heat proeducad from distribution systems
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Wastewater binsolids to energy production
(gas, electricity & heat)
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6 Renewable energy
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Ready-to -market curcular solutlons

-COMONDO

GREEN &
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ECONOMY
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Water in the circular economy?
The wastewater treatment
plant is the key enabling
element of the value chain

N\

ol 4 - 6 April a1¥la :"_I T1aYa"
g G ownmer 55 ECOMONDQ
SMART_Plant x g i . £44 INTER EXPO CENTER IEC TR o I D T Bt e

2002020 &gk, UNIVIRSITA
G@SE rouTECNICA 8
: SRR DELLE MARCIIE e




Conventional WWTP

COD, N, P

Solids

SMART-Plant

co,

Sewage Treatment Plant:
Activated Sludge Process

Treated water

>

Sludge
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Advanced and circular WWTP

I(:()2 T GHG TVOCS High quality water

(reuse)
COD, N, P, Solids >
‘> . .
Sewage Treatment Plant: | Biosolids R
Micropollutants Innovative Technologies | Recovery products
>
>
Energy
Change of
Paradigm
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Resources embedded to municipal

wastewater
Parameter Value

Reusable water (m3/capita year) 80-100
Cellulose (kg/capita year) 5-7
Biopolymers; PHA (kg/capita year) 3-4
Phosphorus in P precursors (kg/capita year) 0,5-1
Nitrogen in N precursors (kg/capita year) 4-5
Methane (m3/ capita year) 10-13

Organic Fertilizer (P-rich compost) (kg/capita year) 8-10

Verstraete et a. (2009) Bioresource Technology 100, 5537-5545
Salehizadg) and van Loosdrecht (2004) Biotechnology Advances 22, 261-279

Key Enabling Strategy: upstream solid concentration,
integration and innovation of the sewage sludge treatment
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Mainstream FIRAtRC Wenter Water reuse
Renovation arbon remova Struvite,(NH,),50,
& Integration P-Compaost Soil
CONVENTIONAL osphorus r amendment
EXISTING Biopolymers Plastics,
WWTP PHA recovery biomass

Cellulose plants and
compaosite
material
industries

Cellulose recovery

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 towar ds efficient

wastewater-based bio-refineries.
w“&

SMART Plant
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1 (Coordinaior) | Universita deght Studs di Verona UNIVR RES Haly

2 Unsverssia di Roma La Sapienza UR RES Ttaly

3 Brunel University UBRUN RES UK

4 Cranfield University CU RES UK ENDL
3 Umiversitat Autonoma de Barcelona UAB RES Spain

6 Unsversitat de Vic UVIC-UCC |RES Spamn

7 National Techmcal Umversity of Athens NIUA RES Gresce

3 Berhin Centre of Competence for Water KWB RES Gemmany

9 Biotrend 5.4 BIOTR. SMETP/SP | Poriugal

10 Socamex 5 A S0C LI TPENDU | Spain

11 BYK Additives Ltd BYK SMETP Germany

12 SCAE =l SCAE SMETP Ttaly

13 AGROBICS Lud AGRB SMETP Isel

14 Sal=pes Filter A S SAI SNES LITP Norway

15 Instimto de Biologia Experimeental e Tecnoldmea | IBET RES/SP Portugal

16 Athens Water Supply and Sewerage Company EYDAP SMEENDU | Greece

17 Alto Trewigiano Servizi Sxl. ATS SME/ENDU | Italy

18 Mekorot Water Company Ltd MEKOROT |LIENDU | Ismel

19 Aiguas de Manresa 5 A AdM SME/ENDU | Spain

20 BWAB.V. BWA SMETP Netherlands
21 Execon-Parimers Gmbh EXC SME/SF Swiizerland
22 SEVERN TRENT WATER. Ltd sSTwW SMEENDU |UK

23 JV Aldor SA and Athina SA AKTOR SMETP Gresce

24 Vannplastics Lid. (Ecodek) ECODERK SMETP UK

23 Wellness Smart Cities SLU WSsC SMETP/SP | Spain

BES=Rewarch Orgsmizsoon; SME=SmsllMedmm Entesprze; 1I=larse Industy; TP=Technoiopy Provider,; SP=Semvice Provider
ENDU=End User
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SMART-Plant open the pathway to

deliver circular economy
b
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The SMARTechnologies

replaced by Primary replaced by Secondary Mainstream refined by Tertiary Mainstream

Upstream SMARTech1 SMARTechs 2a and/or 2b SMARTech3

Influent > Effluent

integrated by Sidestream

SMARTechs 4a,4b or 5 .
Biogas I
____________ ‘ﬁlﬁjﬁ
www Dehydrated

sludge —— Waterline

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

Flitrate P>

\ 4

,,,,,,,,,,,,,,,,,

Separation : ; Fibre
Screenings ——» Mixed buther » COUrse parts » Grid remova —— FOG remova —— .
i ! separation
[= 1.9 mm)
A 0 70/ 7T1T 00
\ 4
Inactivate v v
biologica
activity Dewatering Dasintection
further i 1
upgrading i

Inactivation

biological activity Separation course
parts

| 1 llli'.A ﬂg

Fibre separation
Sand-/grit removal
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SMARTech1: Primary (upstream) dynamic sieving
and clean cellulose recovery

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

Optimization:

v’ Efficiencies of different process steps

v" Energy-/chemical consumption individual process steps
v'Quality cellulose fiber after different process steps

v' Optimization interdependence

Market development
v' Marketing and valorization of recovered cellulose
v" Reuse in asphalt
v" Raw material for composite (Brunel)
v Insulation materials (In development, not sure yet)

First pilot
testing
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SMARTech2a: Secondary mainstream biogas
recovery by polyfoam biofilter

= B1 Technical Part

1. Aninnovative anaerobic immobilized polymeric

biofilter. e
E:icuga-:
2. Reaction volume -25 m3 will be designed and b
installed in the WWTP of Karmiel (North of Israel) x_., ,;f —  Cover plate {gastight)

_':— as codlecting space

3. Characteristics: R
E¥luent }@ i

- 100-120 m3/d.
- Removal of 30-40% of CODf
- Additional of 25% biogas | fmtokisting fone

- Reduction of 25-30% energy consumption.

~ Ffluent enlfarting systsm

— mmobiizzd Anserchic Sludge

- Influent distribution system

4. Operation optimization, monitoring and validation: P
- biogas yield
- biomass activity

- treated effluent quality
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SMARTech2b: Secondary mainstream SCEPPHAR

Influent
Biomass wastage | PHA

BUFFER
. TANK

180480

SMARTech2b 460150
Mainstream SCEPPHAR I

P-enriched
flow

=  Two SBR
=  Buffer tank

=  P-recovery system

P-RECOVERY
SRR

Foeding
170-180

Struvite
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SMARTech3: Tertiary nutrient recovery by mesolite
and nano ion exchange

Secondary Bt remons) BQcP removal Final
influent . i A B plfhuent
10-60 m3/day out
A B e o o T g P ’
- ||l 1l ] 1]
exchangers
Y [ Y [
Y L v
' &
Regenerant brine flow Regenerant brine flow
Regenerant W0m'd" 15m'd’
Mmanagement
Membrane Dosing Dovrg
4 S . ¥ Y Y v 3 L B ¥
'Y
L L] L
Ammaonium Sulfuric Calcium
Hydroxyapatite
sulfate acid carbonate ydroxyapats

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

Primary Secondary
Clarification Clarification
"R Biological Nutrients \_ / "
Primary 1 Removal
Sludge
L WAS | Recycling of Activated |
. | Sludge

¥
, Biogas
Gravity Production
Thickening S 5

L]
----------------
¥

Centriﬁjgatiun

Anaerobic  Biosolids for
Digestion ¥ composting
Solid

‘ Fracton -
Screw Press @ P-enriched

Acidogenic

Fermentation

VEAs

| Nitrogen and Anaerobic
Treated Phosphorus Supernatant
Anaerobic removal
Supernatant via-Nitrite
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Main features of S.C.E.N.A.

e Costs for nitrogen removal 1.1-1.6 €/kgN

e Biological rates 10-12 times higher than
conventional activated sludge processes

 Enhanced Biological Phosphorus Recovery
associated to the biological sludge

e Applicable on strong nitrogenous fluxes (e.g.
anaerobic digestate, landfill leachate, livewaste
slurries and agro-waste, etc)
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Biopolymers (PHA) recovery

Purification ——> Plastic —>

Conversion with .
—> Biofuel — =
methanol -

Direct chemical . _
_ > Biochemical —>{£==x
conversion eI

Courtesy: R. Kleerebezem - Water_2020 network




Microbial Community Engineering (MCE) for
bioplastic production from wastewater

Explore natural microbial community Impose selective pressure
3 : &= oL

Products and energy

Select dominant work horse

Courtesy: R. Kleerebezem - Water_2020 network



SMARTech5 Sidestream SCEPPHAR

Mg(OH)

1-Production of VFAs
— ' and struvite from

cellulosic sewage
Fermentation SI/L Struwte sludge

Wastewater 2= |

Cellulosic
Sludge

_ 2-Nitrogen removal via-
Treated Reject nitrite driven by Selection
Water of PHA storing biomass

Selection SBR

VFAs

Selected PHA |
storing biomass

3-PHA accumulation

extraction

Fed-bacth reactor
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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 SPCis to be based on the modified extrusion process used for
processing classical WPC; | S g e e [y e

160
130
130
13

100
10
180
180
170
130

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

Dynamic Composting - Obtain a compost rich in Biodrying = Obtain a biofuel from cellulosic

sludge

nutrients from P-rich slduge

1000 Lreactor

Frowio s ' :
i
Voo Tewperahurs {
L anccnsing proke
:L-L\'.c
€]
7 Solid
Cellulosic 5 L// fraction
sludge /‘,»f | -
o8

Dewatering system

Aerobic rotary drum

Tk a7 Tooni

COTrESsar .

o e sysiem ikt i Pl E .
———sf e & N

100 -250 L,cactor

Aerobic biodrying reactor

i Vi nd
(bidorying 1t phase) (bidorying 2 phase)

Fie Yo Enpes mreeirlal aet oo il Ve cdompesing sl teachn

' - S Bio-drying is a compost-like process, however, the eventual
M!xture SRS |.ng agent + P-ric ?u JE SR goal of this concept is to use the metabolic heat to remove
Mixture of bulking agent + Mesolite recovered compounds water from the cellulosic sludge at the lowest possible
residence time and minimal carbon biodegradation hence

+ Prich sludge
preserving most of the gross calorific value of the waste matrix

Mixture of mesolite recovered compounds + P-rich sludge
+ conventional WWTP sludge
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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 S

Plant species: monocots (maize) and dicots (grapevine)

*
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SMART-Plant Business plan and market
deployment strategy

i Ad ced
SMART-Plant Model };g—:{nﬂgn

) @ Urban Water Utlities : Primary licensing stream

&=

instruction

= 150 000
Inhabitants

Efficient
water treatment

Ex  Additives

) “ﬁ
AR SMART-Plant : )

Benefits from
recovery of
resources

Chemical /Processing

B Compa ﬂ es

w2 ECOMONDO

£44 INTER EXPO CENTER IEC

Lever and Cross licensing
stream

Intermediates
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The business model is developed
profiling key target groups:
e 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
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) Supported by the Horizon 2020 e ~%~ THIVTRSITA E! 3 o“' 4-6 Aprn
" o Framework Programme l ﬁ*% POLITECNICA - < .EIFE = -Z8 1

i e DELLE MATMZLIE : Nt
SMART-Plant of the European Union




Public/private water utility management perspectives to
deliver circular economy with the chemical industries
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SMART-product portfolio dvt. for the recovered resources

SMART-Plant strategic pillars

Construction Additives Intermediates Agriculture

= Compounds = Selected = VFAand N = Struvite and
PHB / cellu- additive and P P rich
lose to be applications derivatives compost to
developed for consu- recovered be assesses
by ECODEK mer, incl. from with respect
defined in plastics, oil SMARTechn to use for
key product & gas and ologies to agriculture,
grades ba- constructio be assessed in selected
sed on n to be as chemical European
market end refined for intermediat countries
use SMART es

products

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

exploitation
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SMART-Plant exploitation matrix and heat map
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Only municipal wastewater? The WWTP can
be the urban biorefinery!
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Integration of municipal wastewater and
organic waste treatment

B

i

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

o s |
oo

1) Source Separate Collection 2) Under Sink Food Waste

disposer

WWTP




THE TREVISO FULL
SCALE WWTP
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AF-BNR-SCP: process scheme
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TECHNOLOGIES

Treviso (ltaly)

o

SMART-Plant

Biowaste pre-treatments: Case Studies

SEUNGE RLCYT.F

u._L-_m ALCYL T *

INLET, =P AR . ME?DEC ANEXE |- amemRE |_ SECONDATY  EBFTIUCAT
ERLLE i REACTCF. REMTE 12 IFATTOR LMK
- Fy T ! ,
JOup | ¥TA RECYSLE
A *
ol - -

DI RS PrASF_ AMAERCEIC

et e | £ ST

LISIVTRSITA
FOLITECNICA
[ELLE mAdtiZiiE

Supported by the Horizon 2020
Framework Programme
of the European Union

i
—I-[ FERMINTER -

i CiGEZTER

L J

| -
DEPATE RIMG \_’{ s

OWATEH

SOFIR

"= = INTER EXPO CENTER-IEC

* =R
ILDCE

big 1. Llosarmshest of Uie infeprated AT-BNR-SOP process.

4 -6 April
2 04er

"OMONDO




The Struvite Cristallization Plant at the
Treviso WWTP

The Struvite

N-P low release
fertilizer

Struvite Crystallization Plant
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TECHNOLOGIES Biowaste pre-treatments: Case Studies

Rovereto (TN, Italy) Hammer Mill

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 x2.500 m3
Temperature Mesophilic
Reject 20 % Biogas to CHP

L)

Solid to composting

. Hammer
Biowaste » mill Digester ‘

Pre-treatment Liquid to WWTP

“MEDIUM” energy consuming pre-
treatment
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TECHNOLOGIES

Rovereto (TN, Italy)

Biowaste pre-treatments: Case Studies
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