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*The framework: circular economy and water-energy-
carbon-food nexus in water systems management

e Standardization of energy audit: the H2020 ENERWATER
*Energy pathway to deliver CE in full scale and H2020 IA
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Water & Circular Economy Principles

* Principle 1: Design out waste
externalities

PURPOSE

@ u\ D[ 0% WeF
RULE MANAGEMENT

*Principle 2: Keep Resources in Use PRINCI PLE

- : BUSINES RATEG
* Principle 3: Regenerate Natural Capital US -.SE,H_HGS flAIES)

McArthur Foundation et al., 2018
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Opportunity

Holistic view of multiple
Circular Economy
opportunities across a
municipal water system
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Energy and water are highly interconnected

Water and energy are engaged in cyclical interplay.

1.78*
kWh/m?

energy demand for
domestic water use

0.33*

m3/kWh

water demand for energy
production

* Including electricity, thermal energy and gas. Data from International Energy Agency (2016), own calculation.

Courtesy from Stefano Longo (H2020 ENERWATER Consortium)
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Energy and water are important demands set to increase

® About 800 TWh of electricity are

< 1600 &% Transfer
= Wastewater consumed for the water cycle
treatment
1200 6% u Re-use ® Equal to 4% of the global consumption
B Desalination .. .
® Distribution ® 20-30% of electricity consumed in the
water cycle is for wastewater treatment
© Share of global .. . .
s electricity ® Electricity consumption is set to
~ (right axis)

increase due to:

> increasing number of people who
2014 2020 2025 2030 2035 2040

Electricity consumption in the water sector increases by 80% over the next 25 years have access to water

International Energy Agency (2016) > increasing effluent requirements

Courtesy from Stefano Longo (H2020 ENERWATER Consortium)
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WWTP energy footprint
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Where?

mST1
WST2
mST3
HST4
mSTS5

What type?

B Electricity
® Chemicals
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Case Study:

Energy vs. Product Water Quality

100+ PE

N20 Emissions (w/Data Range as Bars)\
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Energy Intensity in Water Reuse

Equivalent Carbon Footprint (Bar Chart)
(kg CO2/MGeffluent)
S

Sobhani and Rosso (2011) WEFTEC Proc.
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The water-energy policy context

EU Energy Efficiency Directive (EED)

» Under the EED all EU countries are

Water and
Wastewater
systems

Energy and
Environmental
Management

required to use energy more efficiently

at all stages of the energy chain from

production to final consumption
»The EED establishes a set of binding
measures to help the EU reach its 20%

Wastewater treatment
(EN 12255-1-16)
Drinking water

(1ISO 24510:2007)
Water re-use

(ISO/AWI 20468)

Energy audit

(EN 16247-1-3:2012-2015)
Energy management

(EN 1SO 50001:2011)

Energy efficiency

(EN 16212:2012)

Life cycle assessment

(ISO 14040:2006-14044:2006)

energy efficiency by 2020.

> Big enterprise (including water utilities)

are obliged to carry out energy audit.

However, EED and its transposition do There no exist Greenhouse gases
- o - energy efficiency (IS0 14064-1-2:2006)
not imposes a specific regulation for the B
WWTP

water sector

Courtesy from Stefano Longo (H2020 ENERWATER Consortium)
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How to define energy efficiency in WWTPs?

If you can not Energy efficiency =
L] L UKL relationship between the

AR CRL production of a service or good and
Lord Kelvin the consumption of energy

*kind of, sort of

Energy
/ electricity, diesel, gas, chemicals
In D ut ( y gas, )
Output - Good or service
(pumping, TS removal, nutrient removal, pathogen
removal, sludge handling etc.)
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ENERWATER methodology: overview
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associated to each function performance each KP| with a 600 processes. Communication
WWTPs database through the energy label
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ENERWATER methodology: Define

There is a clear need to establish suitable KPlIs within the WWTP that allow a comparable, realistic
and universal form of reporting the energy data.

STAGE FUNCTION KPI

STAGE 1 Pumping kWh/m?3

STAGE 2 Solid removal kWh/kg TSS. . oved
STAGE 3 Pollutants removal  kWh/kg TPE,__....°
STAGE 4 Pathogens removal  kWh/Log ... .nnem?
STAGE 5 Sludge handling kKWh/kg TS, ocesses

* kgTPE (total pollution equivalent) = kgCOD+20 kgTN+100 kgTP
Benedetti et al. 2008
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ENERWATER: Rapid audit and decision support

Rapid Audit Decision Support
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Water Treatment Energy Index (WTEI) calculation

Key Performance Indicators (KPI)
estimation

Data collection and
KPls calculation

Compare the value

Comparison with distribution functions of the KPls with
distnibution
functions and obtain
Energy Performance indicators (EPls percentile of each
{Er) KPis (EPIs)

Choose the weights
for the selected KPls
Welghts selection - from database of
WWTPsenergy
consumption data

Aggregate the EPIs

into a single WTEI
ﬁ through a welghted

sum

Assign label

Ranking corresponding to
— % the value of the
— L e -

WTE!
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Dat_a validation
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- ENERWATER results
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What we did expect/know:
consumptions along the treatment stages

Relative importance of a stage on total energy demand

Trulmenl

Em[ﬂ d?m.;u!é ﬂi-‘tl"hj_l_.!!:l_ﬂ_!'l Stage Average Min Max St. Dev.
e J:ii r;: ;:; 1-;*.:& fﬁ Stage 1 0,114 0.069 0.239 0.046
Stage 2 0.015 0.005 0.081 0.017
#w. % 1% 15% 3% 8% Stage 3 0.490 0.268 0.624 0.096
Stage 4 0.123 0.047 0.249 0.042
Stage 5 0.258 0.112 0.540 0.097

What many do NOT know/expect: impact of chemical
energy demand on the rest of energy consumption
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ENERWATER decision support:
example process and equipment optimization

= e b e
| GO RSt R o) O 2- Equipment changes/revamping are
v -y ‘ o D . . ..
- . & 7 A s identified and prioritized
o - e
' A —
1- cu rrent 5 Energy Total Agitators Recycling Blower Blower Blower Ground Second:
consumption pump 1 water clarifica
H 1 reatment stage um roundv
< conditions are ot st282.3 PETR Rame
-2 ~ . . Before revamping 775 224 95 123 95 62 6
- 2 O g ' . . aUdItEd After revamping 460 46 47 191 6
4- Impacts are verified and 2- Process changes are identified and
optimal parameters are applied prioritized
Rapid audit Pre- Post-
r i r Ax
KPI1 kWh/m3 0.731 0.527 R ot £
KPI2 KWh/TPE 0.523 0.392 A = 'i’w;ﬁm,, ‘
KPI3 kWh/LogRed*m3 I L
KPI4 kWh/kgTSproc 3371 1.944 Irfuant E — =]
WTEI 0.721 0.481 ot T [ evon. 309 —“‘;‘ ot | 2
L S - JF : f | s
Decision Support - |> [_-A h‘"'-b- g“ = o “
KPI1 kWh/m3 0.176 0.176
KPI2 kWh/TSrem ’_T s
KPI3 KWh/TPE 0.342 0.202 <
KPI4 kWh/LogRed*m3 3- Energy >
KPIS KWh/TSE 0.066 0.058 . . >
Label Stage 1 G G efflclency !‘l M—t": 15 ' J J
Label Stage 2 improvement tamalsodge , /- g e
Label Stage 3 [ 1 g >
Label stage 4 are verified = Suagess
Label Stage 5 A A " h
WTEI global 0.471 0.344
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Delibera ARERA 917/2017/R/idr in relazione
alla Regolazione della Qualita Tecnica del

Servizio Idrico Integrato (RQTI)
(Entrata in vigore il 1 gennaio 2018)

«Ad integrazione del macro-indicatore M5
(smaltimento fanghi in discarica) [...] si
considera l'indicatore G5.3 denominato

“Impronta di carbonio del servizio di
depurazione” valutato in accordo alla norma
UNI EN ISO 14064-1 e misurato in termini di
tonnellate di CO2 equivalente”.

Scope 1:
Emissioni dirette correlate ai processi
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ENERWATER decision support:
example process and equipment optimization

1- Current
conditions ar
audited

4- Impacts are verified and

2- Equipment changes/revamping are
identified and prioritized

Energy Total Agitators Recycling Blower Blower Blower Ground Second:
consumption pump 1 water clarifica
Treatment stage 3 pump groundv
(kWh/d) pump
Before revamping 775 224 95 123 95 62 6

After revamping 460 46 47 191 6

2- Process changes are identified and

prioritized
A
a5 ;;.?.,.:T,,;f' 2
— =h (=3
_ﬁ.—.}—w_)— ftwt:tlcr-l eetord Eaere?
| -

optimal parameters are applied 11809

Rapid audit Pre Post- ) é C09
KPI1 kWh/m3 0.731 0.527
KPI2 kWh/TPE 0.523 0.392
KPI3 kWh/LogRed*m3 : —
KP14 kWh/kgTSproc 3.371 1.944 £\ 3

WTEI 0.721 0.481 L g
Decision Support
KPI1 kWh/m3 0.176 0.176
KPI2 kWh/TSrem
KPI3 kWh/TPE 0.342 0.202
KPI4 kWh/LogRed*m3 3- Energy
KPIS kWh/TSE 0.066 0.058 . o
Label Stage 1 6 6 efficiency
Labe| Stage 2 improvement
Label Stage 3 k¢ 0o -
Label Stage 4 are verified
Label Stage 5 A A

WTEI global 0.471 0.344

UNIVERSITA iterreg
POLITECNICA CENTRAL EUROPE 5 e R

DELLE MARCHE

P recr w3

P 3
e
c
o o
e e
- ——

P
‘%’,\
SMART-Plant

= N\
’)O [

ol &=

Supported by

the Horizon 2020
Framework Programme
of the European Union



Example: reject water treatment by SCENA system in Carbonera WWTP

Water Line
Preliminary Primary Biological treatment Secondary
treatment clarification + chemical P removal clarification
Raw Treated wastewater
______________________________ 3

o AD ... » Gas burner/boiler )

5 @ Composting
o~ =
o v Dewaterin
o -§’ S —— £ Chem-P biosolids . Land

1 —_———— e e e e e - - - - -»> - — - —»

LN ] q application
©

c

©

P
X

o

o

LN

i

Courtesy from Stefano Longo (H2020 ENERWATER Consortium)
UNIVERSITA interreg H = N the Horizon 2020
Framework Programme

of the European Union

POLITECNICA CENTRAL EUROPE & S | Y |3§$%?'§A e "% e ‘f Dlhc (WJ
DELLE MARCHE N
M A;{’= SMART_P'ant Digital Water City



Example: reject water treatment by SCENA system in Carbonera WWTP

Water Line
Preliminary Primary Biological treatment Secondary Scenarios under an aIysiS'
treatment clarification + chemical P removal clarification )
aw Treated wastewater > Sc. 0 = 0ld configuration
wastewater 1 to river ’
> Sc.1=>5c.0+SCENA
______________________________ 4 > Sc. 2A =Sc. 1 + dynamic thickening
» Gas burner/boiler . > Sc. 2B =Sc. 1 + chemically assisted | SED
omposting .
> Sc. 2C=Sc. 1 + rotating belt screen
Dewatering ChatnP blosolid l
i ACIE DIOON0S ____, land ; .
| B JEplication Indicators:
! o > Global Warming Potential (GWP)
! SBFR o o _
. > Eutrophication Potential (EP)
[ — i > Net Present Value (NPV)
- D equalization | . ‘
supernatant E Functional Unit:
-—— > kgPO4eq. removed
thiceuize Bio-P biosolids ____ I
e s Courtesy from Stefano Longo (H2020 ENERWATER Consortium)
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What about ENERWATER?

Before SCENA After SCENA

Summary

Summary
& stefano Size PE: 33000 Interval (year): 1 B3 stefano Size PE: 39000 Interval (year): 1
Design Size (PE): 40000 Scenario: Platinum e Design Size (PE): 40000 Scenario: Platinum
© Administrator GHG. Emission (CO,/year): 1948.46 Samples (n/y): >24 Adsinbiraar GHG. Emission (CO,/year): 1755.84 Samples (n/y): >24
£1) 13/12/2018 21:07 Electricity consumption (kWh/year): 4255 Country: Italy 4D 13/12/2018 21:21 Electricity consumption (kWh/year): 3876 Country: Italy
Overall energy consumption (kWh/year): 4520.78 gCO,/kWh: 431 Overall energy consumption (kWh/year): 4073.88 gCO,/kWh: 431
Calculation & Ranking WTEI = A Calculation & Ranking WTEI = »
NET Stage 1 GROSS NET Stage 1 [ F ]
one R e ‘
Stage 2 6 ) 83 Stage 2 &
Stage 3 Stage 3 &P
e Stage 5
Siages

WTEI =D =0.35;
WTEI=D=0.42 C<0.33

Courtesy from Stefano Longo (H2020 ENERWATER Consortium)

of the European Union
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Future: water-energy nexus
and regulation interface

RQTI
Regolazione della Qualita Tecnica
del Servizio ldrico Integrato
/A\ UNIVERSITA iterreg " the Rorizon 2020

Framework Programme
of the European Union
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Recommendations for a
What is needed: FUTURE dIrECtIVe

 Harmonization with national guidelines

* Elevate the ENERWATER methodology to the CEN/TC 165 for discussion and potential translation into a
European standard = IN PROGRESS !

 More public stakeholders, authorities and officers within the discussion

» Stakeholders, mostly representing water utilities, have expressed concern and scepticism on the
possibility of new regulation on wastewater treatment efficiency

IT IS OUR RECOMMENDATION THAT THE CURRENT DIRECTIVE 2012/27/EU REMAINS AS THE MAIN
REGULATORY INSTRUMENT ON ENERGY EFFICIENCY OF WWTPS UNTIL A CLEAR EVALUATION OF ITS
EFFECTS AND SHORTCOMINGS CAN BE CARRIED OUT. THE STANDARDISING ACTIVITIES DEVELOPED IN
THE FRAMEWORK OF THIS PROJECT CAN BE USED BY PUBLIC OFFICIALS AS INSTRUMENTS TO INCLUDE
ENERGY EFFICIENCY CRITERIA IN PUBLIC TENDERS AND, IF REQUIRED IN THE FUTURE, CAN BE USED AS A
STARTING POINT TO REACH A WIDE CONSENSUS IN A DETAILED DEFINITION OF WWTP ENERGY
EFFICIENCY, ITS ESTIMATION AND OBJECTIVES. THE COLLECTION AND OPEN PROVISION OF DATA ON
THE PERFORMANCE OF WWTPS IS, NOTWITHSTANDING, AN ACHIEVABLE GOAL THAT SHOULD BE
ASSUMED BY WATER AUTHORITIES.
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Once we audit well...we can
improve much...and become
energy positive

HOW?

Next slides
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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 (e.g. short-cut (via-
nitrite) processes)

Simso, UNIVERSITA interreg @ N - \ = O\

=l @8 5 POLITECNICA CENTRAL EUROPE 555 Sco | HEMl | UNONCAMERE A — e dj \REOUZA,
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NS MRS PreS— - an Digital water City
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The A-B schemes

Wastewater A-stage B-stage

(Capture of COD) (Nutrients removal
and recovery)

Effluent

OD -methane

Energy
(A) production

Energy gain

Energy
recovery
potential
Energy
consumption
—_— —_— - - —_— —_—
(B) A-Stage B-Stage
mniterreg _ P
CENTRAL EUROE e < ', |3§’!|2¥5AMERE 'y e LA N

¥, a1 <

- — SMART-Plant

I 6
pllc =)
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trass WRRF: energy positive since
005

A-System B-System Efﬂuent
High Rate Low Rate Biological Nutrient Discharge
Activated Sludge Activated Sludge

Influent
Pumps

Cogeneration
System

Dewatering
Press

Biosolids to
Land Application

Thickening

Nitritation/ANAMMOX
Reactor

Source: Wett et al.
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Energy-positive in 2005

B pumping station mechanical treatment [IIID A-stage I SBR-reject water
[kWh/d] B-stage sludge treatment off-gas treatment 3 buildings
10,000 1 o total consumption == electricity production
i 8,848
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: 8,006 <) e —
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120%-140% positive by co-digestion of
sewage sludge and organic waste

150 144 %
m Strom von EVU B Gesamtverbrauch ARA

= Ruckspeisung ans EVU mm Eigenstromerzeugung aus BHKW /
Eigenerzeugung in % 375

= What about the
100 % Linie :\ ; fin al

| m | Mit Co-Vergarung slud ge /d igestate
disposal?
1294 1118 °
a Composting and
- Agriculture ?

o L 2 Incineration ?

418

2.005 2.006 2.007 2.008 2.009

JAHRE 2.002
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Energy positive evolution: H2020 POWERSTEP
""""" K3 cexmracron ‘N-REMOVAL |

I | POST-TREATMENT
|

)
|

I Effluent \

urto 80%

Primary sludge

e+ R —
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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| ANAEROBIC DIGESTION CHP HEAT TO POWER

|
i Natural gas !
------------- el E pin s et |
BTSRRI RO 90% CH‘ |
il S Power |
-
| +80-150% X
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|
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|
|
|
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New frontier: energy- and carbon-
efficient materials recovery and reuse
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Scale-up of low-carbon footprint - Horizon2020 IA
- 9 demo SMARTechs

MAterial Recovery Techniques in _ _
existing wastewater treatment ' Cross'se_cm”al value chain
PLANTS ’ - Innovation deal
Struvite 26 partners

- 19 SME or LI
- 7 R&D Organization

Calcium-P
P-Biofertilizer

o Energy

Cellulose ' ‘
and -

Carbon 0 < ol

Efficiency T

&
[

T SMART-Plant 4L

and
Biomass
Fuel

Consumer/Industrial Products

Water re-use and

\\Eigation

AWARD 2018

) P
LS
www.smart-plant.eu start: 01/Jun/2016 - End: 31/May/2020 .



http://www.smart-plant.eu/
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HOME THEPROJECT v ENE3 MEMBERS AREA

v

SMART-Plant

Demostration Sites

http://smart-plant.eu/index.php/map
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SMARTechs integrated in existing WWTPs
(revamped/upgraded to WRRFs)

"2

-

- & SMARTech2b and Downstream
~‘S-‘ARTechZa - SMARTech B - Manresa WWTP (Spain)
““Karmiel WWTP (IL)

n % N T T

-
s

SMARTech3 — WWTP at Cranfield University (UK

ah

SMARTech 4b - Psyttalia WWTP (Greece)

- 2
i | UNIONCAMERE
> qecrow 3 ol

= Lo ‘JJ ,rgg 2
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\ — SMART-Plant  eisiet warer ciry
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ACHIEVEMENTS OF SMART-PLANT

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
o m cellulosic sludge cellulose
2 2a Karmiel (Israel) Mainstream polyurethane- Biogas, Energy-
i based anaerobic biofilter  efficient water reuse
£
g 2b Manresa (Spain) Mainstream SCEPPHAR Struvite, PHA

3 Cranfield (UK) Mainstream tertiary hybrid Nutrients

ion exchange
= 4a Carbonera (Italy) Sidestream SCENA P-rich sludge, VFA
©
STV,
...:n: 4b Psyttalia (Greece) Sidestream Thermal P-rich sludge
@ hydrolysis — SCENA
g 5 Carbonera (Italy) Sidestream SCEPPHAR PHA, struvite, VFA
Demos commissioned: June 2017 - Long-term validation: May 2019
Sassd)  UNIVERSITA iterreg - “ R neorizon2020
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SMART-Plant approach and SMARTechs

replaced by replaced by Secondary Mainstream refined by lertiary

Primary Upstream SMARTech| SMARTechs 2a and/or2b Mainstream SMARTech3

> » Effluent
Influent
integrated by Sidestream
SMARTechs 4a,4b or 5 >
Biogas | )
___________ ! Y%
w Dehydrated
sludge ~ —— water line
“““ Sludge line
UNIVERSITA interreg H = N the Horizon 2020
Framework Programme

of the European Union
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CURRENT ACHIEVEMENTS OF THE PROJECT:

Energy and Carbon-Efficient Valuable Materials Recovery in
SMART-Plant demos

350-400 kg Cellulose per week;

1,0-1,2 kg PHA per day;

> 250-300 g Struvite per day;

2000-3000 Liters of biogas per day;

60% of P recovered as CaPO, from the tertiary treatment;

15-20 kg of P-rich sludge, 60-65 gP/kgTS

> 10 kg BioFertilizers per day;

10-30% Energy Efficiency;

10-50% Carbon Efficiency;




Closed value chain with validated technologies and
marketable industrial/consumer products

Industrial production of lignocellulosic Post-processing of recovered
PHA biocomposites cellulose in mortars and concrete

4 |\ v e
\é -l e W W=

e TNAL A

Pilot-scale production of biocomposites Production and testing of phosphorus
from raw PHA-rich biomass bio-fertilizers and biomass fuels

~w‘

Driod PHA rich
Biomass
(105°C for 24 h)

— IROREE

Drind PHA-rich Dried PHA-rich
Biomass + 20% of Biomass + 20% of PE
PHBY




Biocomposite

Blochemicals Bioplastics
Insulation
material
®
Recell
7. CellDry
6. Hygienisation

5. CellPress

4, Salsnes finescreen
3. Cellulose washer

2. Grit Removal

1. Sewage

. Supported by
UNIVERSITA interreg E ENERVATE 2 =N the Horizon 2020
POLITECNICA CENTRAL EUROPE & A — ‘( Lpkousa Framework Programme
DELLE MARCHE m b e 14— D C of the European Union

e — SMART_pIant Digital water City




Product description Recell®
Tertiary cellulose fiber produced for the industry.

Safety & Health
This document provides a short view of the extended MSDS. Read the full M3D5 before working with the product.

CAS-MNo. 2004-33-6

REACH-No. Do not require registration
Cellutose 100% recycled product
Towic properties None

Fire Hazardous Yes

Handling

Take care of dust formation when handling the dry fluff cellulose. Avoid inhaling. It is recommended to use protective
measures (PBMs) for eye protection, skin protection, body protection and respiratory protection. The product is
microbioclogically comparable to the market preduct, only due to the pilot installation it cannot be guaranteed. This should
be taken into account when processing the product. It is recommended to wash hands after using the product.

Shelf life: Minimum 1 year, provided the products are stored in a dry, cool and in the delivered intact packaging.

Physical properties

Appearance fibre fluff

Cellulose content E0-80%

Hemicellulose/Lignin 10-15%

Ash 5-15%

Organic residue 5-10%

pH 5-8

Dry matter > 90%:

Odour MNeutral

Colour Light grey

Brightness > 50%:

Loose density 50- 80 kg/m3
Number Weight Valume Date production | Productionlocation Operator

For more information:

Cellvation B.V.

Agora 4, 8934 (I Leeuwarden P =
Postbus 7560, 8303 N Leeuwarden ! Ce | I VO t | o n
The Metherlands

T:+316471873 88
Email: Info@cell-vation.com
wwnw cell-vation.com




The main advantages delivered to the water utilities adopted are:
1. Reduction of sewage sludge by 6% to 20%

2. Consequent increase of 20% of plant capacity
3. Energy savings of 4-6% of the plant total energy consumption or 10-15% on energy required for

aeration
4. Recovery of materials

N ~T Supported by
%, UNIVERSITA iiterreg ,‘/ the Horizon 2020
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More value?
Biorefinery of Cellulosic Primary Sludge (CPS)

Up to 10 kg/capita yr )
(Ruiken et al. 2014) Water treatment trains

- Fine-mesh

I | sieves
»

Municipal Wastewater
36-43 kgCOD/capita-year

Biological Reactor

SCFAs-rich stream 3
2.8-3.1 kgCOD/capita-year =+«

L Polyhydroxyalkan@

Cellulosic Primary ——
Sludge . y Struvite
12-13 kgCOD/capita-year FAc1dogtel:;c 0.07-0.15 kg/capita-year Methane
: ial. e 2.7-3.3 m® .y /capita-year
Cellulosic material: (37°C)

70-80% g Anaerobic
Digestion
0.45 gCOD(SCFA)/gTVS fed
(45-50% HAC;

30-35% HPr) Water Research, Crutchik et al., 2018

mniterreg L = i wé\w
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Organic waste or P HA recove ry

sewage sludge

Typical process for
PHA production

:

from sludges and l :
wastes Acidogenic '
fermentation _S_Iu_rrz/ . :

volatile :

fatty acids |

Activated v :
sludge as inoculum Selection and Waste |
: »  production of water .

l biomass with high ------ > |

as direct | storage ability |
source for | (e.g SBR) ,
PHA |  Acclimated biomass |
production | PoI;/mer ) .
| |

——————— > production ————— -
(batch reactor)

Biomass with high PHA content |
to polymer extraction




The «short-cut» innovation in
SCEPPHAR:

* 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
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Sidestream S.C.E.P.P.H.A.R.: Short-Cut Enhanced
Phosphorus and PHA recovery (Smartech 5)

WW Microscreen (350 um)

Municipal wastewater 1° step

( ] / Effluent
#L Biological nutrients removal J >

Liquid Stream

Cellulosic 4
primary S|Udge Sludge recycle
Waste
Activated
Sludge Biogas
Fermentation of &
cellulosic sewage :
sludge Separation
Anaerobic Solid Stream
Digestion —>
Struvite

4° step

Mg(OH), 4"—’

VFAs

3° step

Anaerobic Supernatant

Treated anaerobic Aerobic/Anoxi Nitritation

feast/famine
supernatant
p SBR SBR

Selected biomass

VFAs

PHA recovery
Batch for PHA PHA recove

v

\ 4

accumulation

European n

o,
| UNIONCAMERE = L N

10%-30%
energy
saving

compared
to
completely
aerobic
proceses
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SCHEPPHAR: Short-Cut Enhanced P and PHA Recovery

.. || -
o . v ' 2 . . . Struvite recovered
Nitritation B e ‘ Crystallizer (purity and agronomic properties

under assessment

SBR

| /! | 3 \ : ‘i'g, _!
Equalization tank [ EREERS (== R R R (5 b= (i ” r
" e | l

l
|
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Verification procedure for energy and carbon efficiency KPI

Timeline

v'Contact phase with Verification Body

v Quick-Scan (QS) eligibility assessment
v'Verification proposal

v’ Offer and contractual agreement

v'Specific verification protocol phase (starting)
—Testing

— Verification

— Reporting and publication
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Are H2020 Innovation Actions inspiring a change?
Is there a market ready?

=CAP

VAT AL e e

Only in Italy: >4 WWTPs are
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Digital.water.city:
Leading urban water management to its digital future

FERFORMANCE
AND ROI

PUBLIC PUBEL)
MEALTH INVOL

T

§) Demcnstrations sites ‘
B Countries from parmers and associatad parters
Other FU28 countries
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Water reuse — enregy nexus inside an
Agricultural Protected Area

Parco
Agricolo
2 ’-'A &A" Sud Milano
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CLOSING WATER LOOPS IN HYDROUSA

aromatic planry
bypass for fertigar,
essentind L
ol distillation = on
UASS HYDROT campos cultivator o

blomass

clean water with numenls

, |
v y ’
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oevated / blocbcv

I wr!lcal ﬂow
waotland wotland
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rairvwater
harvesting
& storage
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Thank you and...see you in Venice!
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