p % ECOMONDO oo
Q/ it 0 6-9 Novembre 2018

European Sustainable Thisprojecthas receiv THE GREEN TECHNOLOGIES EXPO
\ Ph from the EU Horizon 2020 R k CONTEMPORANEA CON
osphorus Platform h
® Sl e inde KEY ENERGY
agreemen t No. 690323

Water and nutrient circular economy policy support.
The Innovation Deal experience

Aurora Seco Torrecillas

CALAGUA Unidad Mixta UV-UPV, Department of Chemical
Engineering, Universitat de Valéncia, Spain

& A;'&'"*:t\,.“ VN[VERSITP\T

R
S5 UNIVERSITAT eCal
A

“UED poLiITECNICA
2/ DE VALENCIA

3rd EUROPEAN NUTRIENT EVENT @ ECOMONDO 2018
8 - 9 November 2018, Rimini, Italy

www.smart-plant.eu/ENE3



http://www.smart-plant.eu/ENE3

4 ‘(‘
Q —< European Sustainable This projoct has rec
m th
4 \. Phosphorus Platform resea SMAR-I- Pl
rrrrrrrrrrrrrrrrrrr - ant
eeeeeeeeeeeeeeeeee

From WWTP to WRRF

The need for sustainability...

GRUPPO
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Platform

- Increased depletion of resources
- Necessity of reducing carbon footprint
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From WWTP to WRRF

GRUPPO

== HER/

® Lower energy demand / net

— Anaerobic

ener roduction
gy p vgr

® Lower sludge production

® Effluent free of solids and

pathogens.

® Low plant footprint

® Lower CO, emission Aerobic Anaerobic
treatment digestion

® Opportunity for

. Aerobic Extended
nutrient recovery/ T “eration

SBR Ludzack-Ettinger

aerobic process
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T I. Anaerobic

Up to 100% of nutrients recovery
% Energy savings by avoiding fertilizers production:
:i * N:0,77 kWh/m3 reused water (N typical conc. 40 mg/L).
Wastewater Reclai d * P:0,02 kWh/m3 reused water (P typical co
25% less Less ecfaime

surface biosolids
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Less energy
consumption
Less CO,

T Energy demand 0.2-0.5 kWh/m3
emissions

Net energy SURPLUS of up to 0.2 kWh/m?3

Limited nutrient recovery potential

water
production

Biosolids prod. of 0.05-0.10 kg VSS/kg COD

Biosolids

www.smart-plant.eu/ENE3

Biosolids prod. of approx. 0.5 kg VSS/kg COD

Reduction of up to 80% CO, and 100% N,O emissions

nc. 8 mg/L).

Rem

Rem
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Environment and health protection...

DIRECTIVE 91/271/EEC (UWWTD)
DIRECTIVE 91/676/EEC (NiD)
DIRECTIVE 2000/60/EC (WFD)
Proposal on Minimum \
Requirements for Water Reuse
< /

\WA—S‘éWATER

‘::’:‘ 'gi —
59

©*2%85] WASTEWATER

AAAAA

£ REGENERATED &

‘ WATER
~ (—_ﬁ‘wg ?
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Bottlenecks to circular economy

Low energy Low CO,
consumption emissions

Bioenergy

4

@

Water & Nutrients

.

Biosolids

Low
biosolids
production

Low surface
needs

V@@e - Source of

Resources
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Bottlenecks:

* Legal

e Economic

* Social
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~ INNOVATION DEAL on Sustainable Wastewater Treatment
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W MSs with direct representation in the Consortium

Eu ropean ‘ M MSs without direct representation in the Consortium
L4 -

Commission
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2 INNOVATION DEAL on Sustainable Wastewater Treatment
m Combining Anaerobic Membrane Technology and Water Reuse

@ To improve water, energy and nutrients recovery from wastewater through AnMBR technology implementation
@ To overcome barriers to water / nutrients reuse within the European Union

@ To boost new market niches within the water sector

Ensuring environmental and health protection

Case-by-case approach, Risk Assessment Plan

www.smart-plant.eu/ENE3
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Initial premises of our analysis:
o It makes no sense to remove nutrients in the WWTP and latter on to add them in the field.

o Farmers and agriculture users of treated water should be considered not as potential consumers of the
effluents, but as active participants of the wastewater treatment and its valorization.

o We have to change from a situation of prohibition to strict quality controls assuming no health or
environmental risks.

www.smart-plant.eu/ENE3
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- Identified bottlenecks

Lack of legal definition of the term discharge and To legally define the term discharge based on the fate of the effluent: reuse or discharge
quality standards provisions adopted for into water bodies

wastewater effluents to be used for agriculture. To legally define the term water reuse

Lack of legal definition of water reuse. _ . .
To consider water reuse in agriculture as part of wastewater treatment to recover the

nutrients present in wastewater, reducing mineral fertilizers necessities and to increase
water availability and prevent water body depletion.

Lack of recognition of the economic and
environmental benefits of water reuse within
reclaimed water pricing

Health and environmental risk assessment about Alternatively, to consider reclaimed water as a product
water reuse in agriculture is needed.

High initial investment for WWTP upgrading.

Lack of economic assessment of both monetary and Ca Se by Ca Se

non-monetary benefits.

Lack of financial incentives for boosting reclaimed a p p roa C h

water use in agriculture

Poor development of business models and market
research
Technological investment to address the temporal
variability of water demand for agricultural
irrigation

Development
www.smart-plant.eu/ENE3 Of case StUdies
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Problem approach: Water balance at catchment scale

a) Water balance applied in cropland b) Water balance applied in irrigation network

(@ SNy %)

VB pt (%VB)

P

rt(vB-vD-pt) |

Pe ETc= Ev+Tr = K- *ET,

~ pd (%VD)

pa (%VP)

Vg: gross irrigation volume

Vp: volume in distribution network

Vp: water volume applied on land
h Ru Vy: net irrigation volume

r: return flows of transport network
ry: return flows of distribution network
ry: irrigation return flow

e,: efficiency of transport network

eq: efficiency of distribution network
e,: efficiency of irrigation system

Dn: Net provision = net crops requirement
ETc: Evapotranspiration crop

Pe: Effective precipitation

Ru: Useful water reserve

Ev: Evaporation

Tr: Transpiration

Kc: Crop coefficient

ET,: Reference evapotranspiration

ra (VP-VN-pa)

www.smart-plant.eu/ENE3
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Problem approach: Nutrient balance at catchment scale

Vg:Cg+F=r-C+ry-Cy+r,-C,+U+f

VB pt (%VB)

Vo-Co+F=U+f+r,-C

pd (%VD)

pa (%VP)

* Flooding =2 f=40kg N/ha/y
and 10 kg P/ha/y for citrus
(Quinones et al, 2013)

Vg: gross irrigation volume
Vp:volume in distribution network
Vp: water volume applied on land
Vy: net irrigation volume

r.: return flows of transport network ra (VP-VN-pa)

rg: _re'Furn_ flows of distribution network ' . J ° Dripping - f=1% of losses
ry: irrigation return flow C: nutrient concentration (N or P)

e;: efficiency of transport network F: fertilizer surplus (EImangIou eta |, 2007)

ey: efficiency of distribution network f: mineral fertilizer losses

e, efficiency of irrigation system U: nutrient uptake by crop

www.smart-plant.eu/ENE3
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Economic balance

D=

GRUPPO

== HER/

E

Balance for RWM = + 2 (€) + 5(€) — 3 (€) — 4 (€) + 9 (€) — 8(€) 1
w v 2
{ { 0%/;»/ N
.. 1. ~f
Authorities 9 (€£) Subsidies I a
+4 5
______________________________________________________________________________________________ Reclaimed Water °
2 (€) Manager p .
WRSP Water Reuse
Safety Plan 8 (€ =
4 (€) ty (€) 5 €)
l 3 () 0
WWTP 1 (W) > RWTP W) » Pumping 3L Farmers
1(N) N) 3 (N)

A

Wastewater treatment

Additional treatment(—>) / savingsin the
treatment (<)

Pumping from RWTP

Additional treatment(e.g. disinfection)
Reclaimed water cost for farmers

Fertiliser cost

Other water source’s costs: service (e.g.
pumping groundwater), environmentaland
resource water costs

Water Reuse Safety Plan

Environmental, social and territorial benefits

4 (N)| |6 (€) 4(W)‘ 7 (€)

P(?I!uters Fertiliser Other Water
(citizens) Producers Source
CTotaI = cWWT + CChemical precipitation + cDisinfection + cPumping + cFertilizers + cDischarged fee ~ cEnergy recovery

www.smart-plant.eu/ENE3



http://www.smart-plant.eu/ENE3

@ “\ GRUPPO
. 7 i ( Italian Phosphorus ”Em
Q\—( European Sustainable Tnis projec has Platform
/ Phosphorus Platform research
o © pogenme s S/V\ART-MG Nt

Assessment of CO, emissions

Conventional AnMBR
AnMBR
Anaerobic MBR (without g
Units N.R.) Specific emission
Wastewater Treatment kWh/m3 process 0.269 factor
A.d.dltlon.al treatment for KWh/ms3 L
disinfection
Energy recovery kWh/m3 [0.04-0.10] ---- [0.12-0.24]
Pumping from WWTP kWh/m3/m 0.004 0.004 0.004

@ Energy related to mineral fertilizers production

Biological nitrogen
N-fertilizers: 19.3 kWh/kg N by Haber-Bosh Process removal processes = N,O

P-fertilizers: 2.11 kWh/kg P (Gellings and Parmenter, 2004)

Total CO, emissions = CO, ;eatment + O3 pumping + €O

2 fertilizers COZ biogas

www.smart-plant.eu/ENE3
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Non-sensitive area according to WWTD

Case study I: Oliva (Spain)
Vulnerable zone according to NiD

Irrigated area:
582 ha (citrus)
Water demand:

3.4 hm3/year

Currently:
groundwater abstraction

Y
s

7,

www.smart-plant.eu/ENE3
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Oliva: Nutrient recovery

WNT added by water =~ NT added by mineral fertilizers ®PT added by water © PT added by mineral fertilizers

300 - 90

" Increased
250 A
70 recovery of
200 4 60 .
) . nutrients from
g wZ wastewater
& =
100 4 30
20
50 4
l 10
0 T 0
Current
EA EA+Reuse AnMBR+
Extended Aeration effluent: (EA) Reuse EA + AnMBR effluent:
15 mgN/I and 6 mgP/L Reuse 50 mgN/l and 8 mgP/L

www.smart-plant.eu/ENE3
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Oliva: Nutrient losses

200 - - 45
AN Nitrogen discharged [ DERNRNTRIIPRIINN reerreser-
to coastal water body 160 | | |
(non-sensitive area) | | *
1407 E E - 30
120 - | i
= | 1 25 3
J, N and P discharged Z ; | 20 &
to coastal water body " s
(non—sensitive area) 60 -(--....i....... .......?.......
40 - | | 10
20 -II i - 5
0 - C : | 0
urrent
EA+Reuse AnMBR+ AnMBR+
(EA) Reuse EA +
Reuse

www.smart-plant.eu/ENE3
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B NT losses through network
® PT losses through network

w NT losses in cropland

w PT losses in cropland

NT discharged in WWTP effluent
PT discharged in WWTP effluent
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Oliva: CO, emissions

CO, emissions (tCO,/year)
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B Nitrogen added as mineral fertilizer
Wastewater treatment

¥ Pumping reclaimed water
Energy recovery as biogas

4000
3500
3000
2500
2000
1500
1000

500

-500
-1000

GRUPPO
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3|

i

.5 H

20
8

»

w8 R Suy

2
2
3
e

®

B Phosphorus added as mineral fertilizer
¥ Disinfection
B Pumping groundwater

AnMBR allows carbon

= footprint reduction

., -
Current  patReuse
EA
(EA AnMBR+
Reuse

www.smart-plant.eu/ENE3

AnMBR+
EA +
Reuse
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Cost Current
flow Costs
Wastewater
1 1000 €/year 257
treatment
n Disinfection 1000 €/year 0 15
n Pumping reuse 1000 €/year 0 16
- Discharge fee 1000 €/year 22 9
Total treatment
1000 €/year 279 297
cost
n Fertilisers 1000 €/year 92 87
Pumpin
G 1000 €/year 110 0
groundwater
- Total farmer cost 1000 €/year 202 87
- Total 1000 €/year 481 384
“ Farmer to manager 1000 €/year 0 115
Flow WWTP to
1000 €/year 0 13
manager
B Available for RWM 1000 €/year 0 o8

WWW.SITIdIt-pidit.eu/ciNcS

| -
"5 FHEFM

AnMBR +
. EA + AnMBR +
Scenario EA +
Reuse Reuse
(EA) Reuse
257 94

GRUPPO

ECOMONDO ety

..................

0 0

16 16
9 9
119 182
31 31
0 0
171 171
177 114
332 269
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Irrigated area:

1500 ha (tomato)
Water demand:

12 hm3/year
Currently:

surface water

i

Lf Italian Phosphorus
Z?,m"t‘he”‘gu e on 2035 Platform
e e SMART-Plant

www.smart-plant.eu/ENE3

D=

GRUPPO

HERZ\ ECOMONDO

embre 2018

KEY ENERGY

Sensitive area according to WWTD

Vulnerable zone according to NiD

Discharge to surface water body
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Peschiera: Nutrient recovery

= NT added by water =~ NT added by mineral fertilizers ®mPT added by water = PT added by mineral fertilizers

180 - - 25
160 -
140 1 20
120
£ 100 °3 No need for mineral
% 80 , 5 fertilization
60 -
40 | 5
20 A
0 4 - 0
_ _ Current CAS+ AnMBR+ CAS+NR
ConventIOn:f:cQ(;t:]\;?tEd Sludge (CAS) Reuse ;:JSSJ; +Reuse
9,5 mgN/l and 0,6 mgP/L

www.smart-plant.eu/ENE3
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Peschiera: Nutrient losses

140 1 r 16

120 - 14

- 12
100 -

- 10

BUT reused effluent not 80 -
compliant with UWWTD
provisions for nutrients

t N/year
=]
t P/year

60

40

concentrations in

sensitive areas 20 .l F 2
J__- -
0 - - 0

Current CAS+ AnMBR+ CAS+NR
(CAS) Reuse CAS+ +Reuse
Reuse

www.smart-plant.eu/ENE3

B NT losses through network
® PT losses through network

w NT losses in cropland

w PT losses in cropland

NT discharged in WWTP effluent
PT discharged in WWTP effluent
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Peschiera: CO, emissions

® Nitrogen added as mineral fertilizer ® Phosphorus added as mineral fertuhizer
B Wastewater treatment © Ihsinfection
® Pumping reclaimed water ® Pumping groundwater

Energy recovery as biogas

7000.0

6000.0
5000.0
4000.0

AnMBR allows carbon

3000.0

footprint reduction

CO, emissions (tCO,/year)

-2000.0 Current CAS+ CAS+NR

Reuse
(CAS) AMBRE +Reuse

CAS+ Reuse

www.smart-plant.eu/ENE3



http://www.smart-plant.eu/ENE3

® ‘,\ GRUPPO
. 7 ( Italian Phosphorus 1 ”Em ECOMONDO geseaieest
European Sustainable This project has recsived funding Platform =+« B === SRE=l ¥ 1 B &
./ @  Phosphorus Platform riz,:?m'“:fm_ - S MART-PI ant KEY ENERGY

AnMBR +
Cost flo Cost CAS + Reuse

Wastewater treatment 1000€/year 6 407
1 Disinfection 1000€/year 70 70 24 70
Chemical precipitation 1000€/year 36 5 23 36
_ Pumping reuse 1000€/year 0 81 2 81
- Total treatment cost 1000€/year 513 563 @ 594
_ Fertilisers 1000€/year 171 53 0 97
Pumping surface water 1000€/year 81 0 0 0
- Total farmer cost 1000€/year 252 53 o 97
- Total 1000€/year 765 616 @ 691
_ Farmer to manager 1000€/year 0 199 252 1%4
_ Flow WWTP to manager 1000€/year 0 31 206
- Available for RWM 1000€/year 0 149 74

www.smart-plant.eu/ENE3
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Case study lll: Pinedo (Spain)

Natural Park:

21120 ha
Current discharge: v’ Sensitive area according to WWTD

° 3 _ eg®
68 hm?/year to non-sensitive v Since 1990 Ramsar site in the list of wetlands of

coastal body international importance for birds

° 3 ) )
34 hm’/year reused in rice v’ Special protected area acc. Spanish law

fields discharging into the lake v' Vulnerable zone according to NiD

www.smart-plant.eu/ENE3



http://www.smart-plant.eu/ENE3

2 GRUPPO
‘(\ Italian Phosphorus 5 "Em

@
European Sustainable Tis project has received funding Platform

e /
from th U H

/Q \_< Phosphorus Platform rese
¢ ° = SMART-Plant

g eement No. 690323

Pinedo: Nutrient recovery

w NT added by water =~ NT added by mineral fertilizers ®PT added by water  PT added by mineral fertilizers

180 - 12
160 -
140 - Only 3.2% of the
120 1 wastewater could be
£ 100 é treated through the
E =
> 80 s AnMBR
B; 2
60 -
40
20 -
Conventional Activated Sludge
. 0
+ Nutrient Removal effluent ; Reuse stream would have
(Current reuse): Current CAS+NR 10 mgN/I and 0.7 mgP/L
7,3 mgN/I and 0,2 mgP/L (CAS + NR + Reuse) + AnMBR for Reuse

www.smart-plant.eu/ENE3
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Take home messages — proposals developed by Innovation Deal

o To legally define the terms “discharge” and “water reuse”.

O To consider water reuse in agriculture as part of wastewater treatment.

O Alternatively: to consider reclaimed water and its nutrient content as a product (fertilizer).
o To define a risk assessment methodology for water reuse safety plans (WRSP).

O To aim at a sustainable nutrient balance.

O Toinclude the figure of the Reclaimed Water Manager (RWM).

O To carry out a broad economic analyses including both monetary and non-monetary benefits.

www.smart-plant.eu/ENE3

»
A "

v
> wml{.;& )
od

S/\/\ART Plant SRS (Y ENERGY

<]
W
e

RQ’ &
@ i


http://www.smart-plant.eu/ENE3

GRUPPO

Italian Phosphorus 1 ”Em
European Sustainable This project has receive

o he ' Platform
@  Phosphorus Platform research E:n"

P ogra

Take home messages — case studies

O Water reuse improves quantitative status of groundwater bodies.

o AnMBR technology combined with fertigation allows:
* Nutrients recovery ‘ reduces addition of mineral fertilizers.
* Reducing carbon footprint
* Reducing operational costs

* Increasing economic results for RWM ‘ open new market niche.

www.smart-plant.eu/ENE3
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Thank you for your attention

Aurora Seco Torrecillas

CALAGUA Unidad Mixta UV-UPV, Department of Chemical
Engineering, Universitat de Valéncia, Spain
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Unidad Mixta UV-UPV

3rd EUROPEAN NUTRIENT EVENT @ ECOMONDO 2018
8 - 9 November 2018, Rimini, Italy
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Water and nutrient circular economy policy support.
The Innovation Deal experience

Aurora Seco Torrecillas

CALAGUA Unidad Mixta UV-UPV, Department of Chemical
Engineering, Universitat de Valéncia, Spain
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Pinedo: Nutrient losses
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Pinedo: CO, emissions

® Nitrogen added as mineral fertilizer ® Phosphorus added as mineral fertuhizer
B Wastewater treatment © Ihsinfection
® Pumping reclaimed water ® Pumping groundwater

Energy recovery as biogas

7000
oo | | — — —
= 5000
%)
4000

Only 3.2% of the

Pinedo WWTP has an wastewater is treated

through the AnMBR

(t
t
S
S
S

anaerobic digestor

[
(=3
(=3
[—}

CO, emissions (tCO,/y
o
(==
(=
[—]

Current CAS+NR
(CAS + NR + Reuse) + AnMBR for Reuse

www.smart-plant.eu/ENE3



http://www.smart-plant.eu/ENE3

@
e /

N
PO

This project has received funding

European Sustainable T i
rom the
Phosphorus Platform research

2020
innoval tion
gl under grant — a nt
agreemen t No. 690323

Cost flow

Wastewater treatment

Tertiary treatment (Disinfection +
Chemical treatment+Pumping reuse)

Pumping reuse AnMBR
Discharge fee

Total treatment cost
Fertilisers

Pumping surface water
Total farmer cost

Total

Farmer to manager
Flow WWTP to manager
Available for RWM
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CAs+NR | CASTNR+ | CAS+AR ,S\:SML:I:;
+ Reuse Rc.eus.e + AnVIER Reuse
Optimized | for Reuse Optimized

1000€/year 882 882 881 881
1000€/year 141 120 135 115
1000€/year 0 0 5 4
1000 €/year 94 100 94 100
1000 €/year 1117 1101 1114 1@
1000€/year 37 26 —26 24
1000€/year 0 0 0 0
1000€/year 37 26 26 24
1000€/year 1154 1128 1140 1123
1000€/year 0 0 12 3
1000€/year 0 0 7 6
1000€/year Q 0 0,002 o,@
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