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Outline

* |s (waste)water management central for circular economy?

* The pathways and the eco-innovations...at different TRLs
* Energy pathway
* Water pathway

* Materials pathway
* Nutrients
* Organics (cellulose, biopolymers, proteins, methane)

* The value chains, the barriers and the key enabling
strategies/solutions

e Discussion...and conclusion
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Water in the Sustainable Development Goals:
water challenges one of the top priorities for humankind

* At the global level, water has never been so visible. That it is
listed as one of the 17 top priorities for humanity is a
significant moment.

* It presents an opportunity for a breakthrough. Not just to
accelerate the unfinished task of universal access to safe
water and sanitation; but to transform the water sector to
become sustainable, resilient and a driver of the circular

economy. Source: IWA, 2016
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From SDG to ...business as usual...

Worldwide, the annual capital
expenditures on water and
wastewater infrastructure by
utilities have been estimated at
USS 100 billion and USS 104

billion, respectively
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WHY WASTE WATER? ‘\}
WORLD WATER DAY 2017
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Framing wastewater management
perspective

Resources in
excreta and
wastewater

Water

Nutrients

=

Energy conten

Organic matter

Other

from a resource

Resource management options

Water reuse and recycling
Potable and non-potable water / industrial use / recharge of water bodies

Combined water and nutrient reuse
Agricultural irrigation / forestry irrigation / aquaculture

Nutrient reuse or combined organic matter/nutrient reuse
Solid and liquid fertilizer and soil conditioner for agriculture and forestry

Energy generation

Biogas generation / incineration / Biomas production

Ecosystem services
i.e. constructed wetland

Other outputs

i.e. protein feed for livestock / building material
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Technical system options

Centralized vs decentralized

Waterborne vs non-waterborne
excreta management

Separate greywater management
Sludge management

Off-site vs on-site treatment
Wastewater treatment

Excreta and sludge treatment

Multiple potential
benefits

Health protection
Environmental protection
Livelihoods

Gender equity

Water security

Food security

Energy security

Climate mitigation and
adaptation

Andersson et al. (2016) in WWRR2017
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However, still long way to go
I

Low-income countries 92

B 35

Lower middle-income countries 72

Upper middle-income countries _ 31
62
B Untreated wastewater in 2030 (Aspiration)

i , - 15 Untreated wastewater in 2015 (Baseling)
High-income countries 30

0 20 40 60 80 100

Wastewater treatment (%)

WI\ 4 ==, WM pOWERSTEP - UNIVERSITA
' o 3; QO onese g AQUQ NI INCOVER POLITECNICA
SMART-Plant

DELLE MARCHE



Is water central in the
Clrcular Economy Package

Priority sectors

( ’.
] Waste

Critical
Raw
Materials

Consumption

e
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raw
materials

Circular Economy Package mainly aim at facilitating water reuse - this
will include a legislative proposal on minimum requirements for reused
water, for example for irrigation and groundwater recharge

Source https://www.eip-water.eu/water-%E2%80%9Ccircular-economy-package %E2%80%9D
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What about R&D&I in EU?

* H2020 WATER INNOVATION:
BOOSTING ITS VALUE FOR EUROPE
(2014-2015): Need of scale-up to demo,
first application and market replication

* H2020 WATER IN THE CONTEXT OF
CIRCULAR ECONOMY (2016-2017):
recovery and (re)use of nutrients and
large demos for alternative water
source, use and reuse
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Current wastewater treatment:
s this right for the next 100 years?

] co,

COD, N, P

Solids WasteWater Treatment Plant:
Activated Sludge Process

Treated water
>

Sludge

‘>

|

Energy

Courtesy: Juan Lema (Water_2020)
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We want to move from WWTP to WRRF,
how and when?

Ico2 T GHG TVOCS High quality water

(reuse)
COD, N, P, Solids >
—>| Water Resource Recovery Biosolids
. Facility (WRRF >
Micropollutants : A ) . Valuable products
>| Innovative Technologies .

|

Energy

Courtesy: Juan Lema (Water_2020)
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THREE MAIN PATHWAYS TO DELIVER
CIRCULAR ECONOMY

 ENERGY

Preliminary Solids Tre™

VALUABLE




Today’s analysis: according to the
Technology Readiness Level

TRL 0: Idea. Unproven concept, no testing has been performed.
TRL 1:

TRL 2:

Basic research. Principles postulated and observed but no experimental proof available.

Technology formulation. Concept and application have been formulated.

Applied research. First laboratory tests completed; proof of concept.
TRL 4:

Small scale prototype built in a laboratory environment ("ugly" prototype).

Large scale prototype tested in intended environment.

TRL 6:
TRL 7:

Prototype system tested in intended environment close to expected performance.

Demonstration system operating in operational environment at pre-commercial scale.

TRL 8: First of a kind commercial system. Manufacturing issues solved.

TRL 9: Full commercial application, technology available for consumers.
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The ENERGY PATHWAY
(to deliver circular economy)

Current TRL = 8-9

but
WATER-ENERGY-CARBON NEXUS!
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100+ PE

(0]
o

COD Remaining (%)

20+

Case Study:
Energy and Carbon footprint vs. Product Water Quality
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Pumping/
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Reference conventional European WWTP

Medium WWTP Large WWTP
Size 5'000 50’000 500’000
Primary | ; | Mechanical + | Mechanical +
Mechanical . . : .
freatment | ~ sedimentation - sedimenfation
: : ; Continuous activated Confinuous activated
Biological Sequencing batch : :
sludge with pre- sludge with pre-
freatment reactor (SBR) < A
| ~ denifrification? ~ denifrification?
Simultaneous aerobic Thickening + Thickening +
Sludge treatment  stabilisation and anaerobic digestion' +  anaerobic digestfion +
dewatering dewatering dewatering
GIOgas. . CHP! CHP
valorisation
Mechanical Sequencing ik . Ff:?no
treatment batch reactor
Yy
Raw _’ e e Effluent Receuration

Stabilised sludge <—v ickening
. Anaerobic

E To sludge disposal o digestior

Dewatering >
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Energy positive is not possible in
conventional WWTPs
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Full scale performances of
enhanced anaerobic digestion (1

Performance of advanced anaerobic digestion technologies using disintegration (full-scale references)

700
Thermal Hydrolysis (Exelys + DLD}
e Mechanical disintegrati T
N Bl e Biological lysis, Enzymes rimary sludg
stirred ball mill T———___ | s i i Primary sludge|
Y R c—
Chemical disi ntegratlonj_gxldﬂ?':m'/(———
=" Mechanical disintegration,
500 i s = 1 : T =
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- 4 Mechanical dis e single stage
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- / - ) l ™ :
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= 400 ] 0 RS T P i Chemical disintegration,
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E Mechanical disintegration,
Z lysate-centrifug
=
]
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.
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("]
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2 =
200
Case studies with mixed sludge printed
in black
100
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sludge printed in red
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Total hydraulic retention time [d]

A= BrOERSTE S AqualES INCOVER

UNIVERSITA
POLITECNICA
DELLE MARCHE




Full scale performances of
enhanced anaerobic digestion (2

Performance of advanced anaerobic digestion technologies with process modifications
(full-scale references)

700
Temperature phased
600 | digestlin (M-T)
Two-stage mesophilic High load digestion Primary siudze
gemesophy Bl [ [ | primaydudge
Thermophilic T
500 p L hasi Mixed sludge = Benchmark for
= . Cascading mesophilic - singlest_age
E High load digestion | : - mesophilic
9 (Microfiltration) ¢ digestion
= 400 —
E
=,
x
@
> Waste activated
" 300 | sludge
(1]
L
(]
200
Case studies with mixed sludge printed
in black
100
Case studies with waste activated
sludge printed in red
0
0 5 10 15 20 25 30 35 40 45
Total hydraulic retention time [d]
& = WM pOWERSTEP o UNIVERSITA
r:xf} \—_“i U ¥OUR FLUSH, QUR ENERCY ‘IWMNHCQ‘ - yE R POLITECNICA

DELLE MARCHE



Energy positive in full scale: how?

e Upstream diversion of more carbon to
anaerobic digestion

* Separate short-cut treatment of the reject
water

* Energy-efficiency in the mainline (short-
cut (via-nitrite) processes)
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Strass WRRF: energy positive since 2005

A-System B-System Effluent

High Rate Low Rate Biological Nutrient Discharge
Activated Sludge Activated Sludge

Influent ; -.-.- i
Pumps / -
/

£

Dewatering
Press

Biosolids to

/ Land Application

Thickening

Nitritation/ANAMMOX
Reactor
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The A-stage

* High Rate Activated Sludge

0.5 h HRT; 12-18 h SRT

Particulate, Colloidal & SOLUBLE Organics

* Removal Without Chemical Addition

Rapid Transfer from Aerobic Conditions to

* Anaerobic Conditions for Rapid Thickening
Preserves Organics
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Energy-positive in 2005

B pumping station = mechanical treatment [T A-stage BN SBR-reject water
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B Strom von EVU

120%-140% positive by co-digestion of

sewage sludge and organic waste

mm Rickspeisung ans EVIU
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Energy p05|t|ve evolutlon HZOZO POWERSTEP

————————————————————

POST-TREATMENT
Efflue nt

Natural gas

90% CH

60 % CH, !

Power

|

|

SN A AN NARE, :

1 = — I
+80-150% "y < P
. R '
'Lm-'
— :

:

I

|

Heat
DEWATERING

I
|
|
NITROGEN MANAGEMENT
IN SIDE STREAM -: m BIOGAS VALORISATION AND EFFICIENT ENERGY MANAGEMENT

I ANAEROBIC DIGESTION CHP HEAT TO POWER

POWERSTEP modules www.powerstep.eu
1- in mainline WWTP for A-stage (C extraction)
2- in mainline WWTP for B-stage (N removal)
3- reject water for N- removal or N-recovery
4- for best biogas valorisation
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The WATER PATHWAY
(to deliver circular economy)

TRL=8-9

but, again,
WATER-ENERGY-CARBON NEXUS!
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Water Recovery
NEWater - Smgapore

o,
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SMART-Plant

Five NEWater plants produce
total of 550,000 m3/d
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Orange County Water District 2008
Wastewater Reuse (190 000 m3/d)

Source: Mc Carty — IWA-AD13
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Innovation Deal for Circular Economy:

“Sustainable Wastewater Treatment Combining
Anaerobic Membrane Technology and Water Reuse”
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Anaerobic Membrane Bioreactors:
Key Enabling Technology at TRL 6-7

-

| - Bioener
w 5 80% less ¥
Anaerobic co,
Oibar MBR emissions

Wastewater

50% less
25% less biosolids Water reuse
surface production ..
y : Fertigation
Innovation Deal for Circular Economy:
“Sustainable Wastewater Treatment Combining
Anaerobic Membrane Technology and Water Reuse”
: Fimmm = foouwwnow
e PIEPSAR| 3 Lbe! Biosolids
B P ecofilae & ke Source: Aurora Seco (2016)

o FNERRATER. |
AR BT S AqualES INCOVER
SMART-Plant




AnMBR as core Cogeneration (CHP)

Anaerobic b
Digestion g

_ Membrane | Stripping
Primary , ' Filtration
Treatment Anaerobic Secondary ]
Treatment Alr
McCarty, Bae, Kim, Environ. Science & Tech., 45:7100 (2011)
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AnMBR central for energy positive and nutrient

Screen
/

recovery (TRL =

Primary
Sedimentation

/A

Raw ———»
wastewater/

L S—

Disposal of grg
solids

;I

112
sludge

P ——————————————

Thickener!

Sludge recirculation

5-6)

I | Nutrient rich
eluent

Thickene loop to heat exchanger —

Primary Gas
sludge Y I \ |l VY T < )la————meaaa .
pump engine

Anaerobic digester

Digested sludge pun@

Imported grid
electricity
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Stabilised sludge to land

Source: Bruce Jefferson 2016
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Evolution of water use and reuse:
the H2020 AgquaNES

Waste Storm Rain || Surface || @ www.aquanes.eu

water water water water

!.... Pretreatment doo. 0 pees Post_treatment.-

] U
© o
D - Users
=

il F = re W
= z - [
i:- % E;. E;‘ @ @ Unsaturated  m—
@ .‘-'1 :,’_ 2 :’ : Zone /
% % 5 0%
¥ A — groundwater table

@ - Saturated
o e -ii Zone
............ MAR /SAT SOV v (CAAS ....; T ; 1 S
Managed Aquifer Constructed Bank Filtration
A Recharge wetland
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The MATERIALS PATHWAY
(to deliver circular economy)

Phosphorus = TRL 8-9
Other = TRL 4-7

but: social, market and regulatory
barriers!

> R

SMART-Plant
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Phosphorus use in EU-27 in 2005

Supply Demand Recovery potential
in relation to the total mineral phosphorus demand 1°'550°000 tr/a

Total 1'550'000 tP/a

slenuajod A1aA028l ‘e1-or PUBLIBP
‘opuononpold ueadoiny :s82inos ejeq

® European fossil P production = Fertiliser ® Municipal sewage sludge
® Import " Feed additives = Slaughterhouse waste
» Detergents and soaps

1 Food-waste (household and retail)
m Other
m Demand uncovered

The lost P in the European wastewater stream could
cover 15% of the European mineral phosphorus demand

Source: P-REX
UNIVERSITA
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Hot spots for P recovery from municipal wastewater

) rit chamber pretiminary
100% P load & clarification

aeration
influent

returned activated sludge

N

secondary
clarification

40-90% of P load
(solubility,

process water
M

<25%of P
load

biogas
>90 % P load

5-20 % of P
load

contaminants)

_-‘

dewatering
ash after incineration

anaerobic
undrained sludge after anaerobic digestion digestion
sludge liquor after dewatering

direct agricultural utilisation of dewatered sludge
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P technologi
PEARL i AirPrex = NuReSys
Struvite 9 Struvite 9 Struvite
PHOSPAQ ANPHOS REPHOS
" Struvite Struvite Struvite
Liquid phase _|
(dissolved P) PhosphoGreen STRUVIA "Q NutriTec
Struvite Struvite Struvite, DAS
Wet Slludge - Naskeo PHORWater Ecobalans
and liquor Struvite Struvite Struvite, NPK
il EXTRAPHOS Gifhorn @ Stuttgart @
with DCP Struvite/CaP Struvite

— enhanded P -

dissolution LYSOGEST WASSTRIP Thermal hydro-
lysis

|

" Fertilizer industry | [ Electrodialysis  |[ LEACHPHOS (&®
s gs s Mineral fertilizer H;PO H,PO ‘
_ Acidic digestion i a J = —_

& —
or leaching | ECOPHOS | [ TetraPhos | RECOPHOS DE

H,PO,/DCP ¥ H;PO MCP
Sludge and sludge | Gy /= S 4
ash P g \ \
MEPHREC AshDec (Outo PYREG
| P-slag @J | P-mineral @A | P-mineral

'HOS

- Thermal —

" Inducarb FP7 ) ( kuBoTa
L HsPO4 /P4 | P-slag

m[ Demo / Pilot ]( Lab-scale ]
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Biogas to CHP o *Struvite recovery prior
or after dewatering
lMgCIZ

Struvite*®
Crystallizer

* Struvite

Primary sludge

Dewatered
Sludge

Dewatering

Thickened Waste
Acivated Sludge

lMgClz

Struvite*
crystallizer

_ Return load

r

Struvite

Source: P-Rex

P recovry from r'eject water: feasible only when
Enhanced Biological Phosphorus Removal is applied in mainline



Acid digestion of incineration ash and purification

HCI

_ Purified
- H;PO,

Fly ashes — I

Al/Fe
solution

Mg/Ca
solution

> Silicate

v" Flexible low-grade inputs

ecop\to S v Commercial products (H;PO,)
v" Commercial by-products (Metal salts)
Source: ECOPHOS, R. de Ruiter 2014 v Independent from Fe/Al content

v" First EU full-scale facility in Dunkerque (FR)



Evolution of materials recovery and reuse :
H2020 SMART-PLANT

www.smart-plant.eu

Nutrients % d
Mainstream @ removal thatecweter Water reuse
Renovation e Carbon removal Struvite,(NH,),SO,
& Integration P-Compost Soil
CONVENTIONAL Phosphorus recovery amendment

EXISTING

WWTP PHA recovery e
Sidestream Cellulose plants and
3 STech5 Cellulose recovery .
Integration - composite
STech 4b

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 blo refineries.
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Biopolymers Plastics,

Biogas recovery Energy-efficiency




Demonstration of the full inter-sectorial
value chain
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Energy efficiency is the water market entry
strategy, materials recovery is the added value

replaced by Primary replaced by Secondary Mainstream refined by Tertiary Mainstream
Upstream SMARTech1 SMARTechs 2a and/or 2b SMARTech3

> Effluent

—>
Influent

integrated by Sidestream

SMARTechs 4a,4b or 5 >
Biogas : .

i 7
_____________________________________ ! % Dehydrated

sludge —— Water line

Sludge line
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The SMART-Plant integrated WRRFs

SMARTech |Site Key enabling process(es) SMART-product(s)
1 Geestmerambac |Upstream  dynamic  fine-|Cellulosic sludge, refined clean
ht (NL) screen and post-processing of|cellulose

cellulosic sludge

23 Karmiel (Israel) |[Mainstream  polyurethane-|Biogas, Energy-efficient water
based anaerobic biofilter reuse

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

3 Cranfield (UK) |Mainstream tertiary hybrid|Nutrients
ion exchange

4a Carbonera (IT) [Sidestream P-rich sludge, VFA
SCENA+conventional AD

4b Psyttalia (GR) Sidestream SCENA+enhanced|P-rich sludge
AD

5 Carbonera (IT) |Sidestream SCEPPHAR PHA, struvite, VFA

Downstream [London (UK) Formulation of recovered|{Biocomposite (Sludge Plastic

SMARTechA cellulosic and PHA|Composite — SPC)
materials+extrusion

Downstream [Manresa (ES) Dynamic composting of P-rich|P-rich compost, enriched with

SMARTechB sludge wusing minerals as|minerals; fuel for biomass plants

bulking agents; bio-drying of
cellulosic sludge




Want to know more on the SMARTechs and SMART business model?
Follow the session on Saturday!

Successful EU projects presentations

Saturday, 09.09.2017, 11:30 — 12:30, Complesso Terracini, Room TA-01
Chairperson: Prof.dr. Fabio Fava

Time Title Authors
2 Prof. dr. Rainer Meckenstock
l?
Ry Al Dow o Wrlk SRk Raasals. University of Duisburg-Essen, Germany
CIRC-05-2016: “Unlocking the potential of urban Prof. dr. Mauro Majone
organic waste (RES URBIS)” University “La Sapienza”, Rome, Italy
WASTE-7-2015: “Ensuring sustainable use of .
: Prof. dr. Nathalie Gontard
agncultq’ral waste, co-products and by-products INRA, Montpellier, France
11:30-1230 _(NOAW)

WATER-1b-2015: “Scale-up of low-carbon footprint
material recovery techniques in existing wastewater
treatment plants (SMART-plant)”

Prof. dr. Francesco Fatone
Universita Politecnica delle Marche, Ancona,
Italy

BBI VC3.F1 — 2014: “Flagship demonstration of an
integrated biorefinery for dry crops sustainable
exploitation towards biobased materials production
(First2Run)”

Dr. Giulia Gregori
Novamont, Italy
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SMART-Plant Business plan and market
deployment strategy
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End use for recovered resources fit to water utility plants
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Barriers...and solutions?

* No quality standard = No market = REACH? END OF
WASTE?

* No quality standard = No market - CEN JWG11?

* No customer acceptance = No market = Incentive-based
policy? Impact on water pricing?

* No competitive price = No market - (for instance) use of
PHA-rich sludge?

* No utility interest = No market = energy efficient
integration of WWTP (to WRRF)?

* No regulation = No market = Innovation deal?
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gae based solutions?
"he H2020 INCOVER
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INNOVATIVE CONCEPTS
(to deliver circular economy)

at TRL 3-6
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Conceptual overview of different combinations

Source: Jurg Keller, 2012
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Stage 1

%

The key potential alternatives

Anaerobic membrane bioreactor (AnMBR)

Granular high rate anaerobic (UASB/IC, EGSB, Baffled
Anaerobic Reactor)

High-rate aerobic (activated sludge) process

Temperature phased anaerobic digestion (TPAD)
Nitritation/anammox combined Moving Bed Biofilm Reactor
Nitritation/anammox combined Sequencing Batch Reactor
Denitrifying anaerobic methane oxidation (DAMO)
Biologically activated carbon (BAC)

Low pressure (membrane) filtration
Source: Jurg Keller, 2012
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Partition-Release-Recover Concept
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Partition-Release-Recover? Concept

nutrients PRRZ concept for metal recovery
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Batstone et al., 2015
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Nitrogen recovery: Verstraete plenary

-EUJ o Anaerobic Digestion ',CH
— 4
Low amounts of Gasification .H Animal Feed
- N-fertiliser m % 2 and
o High C/N crops Carbohydrates Human Food
!. Reactive N ‘
CH, Microbial
- Protein

CH, In-reactor co,
MP production

4 .

— Y
Renewable energy .Hi Point sl:-l.\trél‘.l
Only 30% of nitrogen ending up in the plant due to dissipation via run-off and volatilisation
transforming plant protein into animal protein adds additional conversion losses
In total, only around 17% of the total fertilizer-nitrogen is retained in vegetable and meat
protein with the rest being dissipated
Used nitrogen can be recovered and harvested as microbial protein from waste streams
(close to 100% recovery)
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Conceptual overview of different biological technologies applied in
wastewater treatment for energy and resource recovery
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Thank you for your time and
attention

Francesco Fatone!, Christian Loederer?, Thomas Wintgens>
Juan A. Alvarez Rodriguez?, Almudena Hospido®

ICoordinator of the Horizon2020 “SMART-Plant”’, Polytechnic University of Marche, Italy;
2Coordinator of the Horizon2020 “POWERSTEP ", Berlin Competence for Water, Germany,
3Coordinator of the Horizon2020 “AquaNES”, Univ. of Applied Sciences and Arts Northwestern Switzerland
“Coordinator of the Horizon2020 “INCOVER”, AIMEN, Spain
S Coordinator of the Horizon2020 “ENERWATER ", University of Santiago de Compostela
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