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Why chemical and physical technologies?

* Decentralized implementation: treatment to match supply and
demand

» Water treatment fit for purpose

 Flexible use,
no start-up time

Fresh water

Brackish water

Salt water
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Overview WP4

WP4.1-1 WP4.1 -2

PhD 1: new geometries and membrane PhD 2: new coatings and process

i materials for low salt retention ' E design for selective ion removal ' Water fit
! o i for use

nanofiltration (70% UT, 30% WUR) (30% UT, 70% WUR)

Nanofiltration Electrodialysis

use with NF&ED

e , Concentrate Concentrate
| PhD 1 & 2: model i colloidal particles, (some) multivalent monovalent ions; composition
 for effective i ions, micropollutants matches environmental standards
process design to i Post-treatment * Injection
]

i treat water fit for

[WP4.2 Managing and Engineering quality effects of effluents ]
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Case study: production acids &
bases at Shell, Qatar

L Acid & base

RO &
evaporator . .
concentrate I[rrigation water
Organic loading . .
Salinity ~ 1-5 % » To irrigation

Organic loading

) _ Low salinity
Nanofiltration Micronutrients




Case study: closing water cycles
greenhouses

: Fertilizers
Rainwater : to surface discharge
’ NH}
— NO;3
Brackish
groundwater Summer
- sodium removal for
greenhouse
wastewater recycling
- nitrate removal for

N
\C_l/ wastewater disposal

Brine
—%  to underground
injection
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Case study: water mining from sewage

. 2nd barrier
Nanofiltration ermeate (ED?) or
disinfection

Sewage water Concentrate(s)

(potentially pre-treated

with course filtration) J

Sewage
b
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WP4.1 — Nanofiltration: Outside-In
Polyelectrolyte multilayer membranes

Advantages outside-In over inside-out:

* Increase in active surface area per module = up to 5x

« Smaller fibres can be fabricated - Increase in mechanical
strength leading to new possible applications

 New module designs possible limiting concentration polarization -
better (micro)pollutant retentions

Inside-Out Outside-In

Support —— o
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WP4.1 — electrodialysis for selective-ion
separations

« We investigated the ion equilibrium and transport across ion-
exchange membranes.

« Multivalent ions, e.g. Ca?*, dominate the equilibrium over the
monovalent ones, e.g. Na*.

« General affinity inside cation-exchange membranes:
Ca?* > Mg?* > K* > Na*

Na*




WP4.2 — assessing the fate of contaminants
of emerging concern (CECs) in effluents
during Irrigation

AquaConnect

Creating a contaminant transport prediction model that is suitable for extreme
dry climates

Contribute to safe reuse of effluents in agriculture

oem
Modelling leaching of metals from sl I
Industrial biosludge used as fertilizer
In arid/desert climate
Model can be used for prediction of
sandy solls in desert climate, still
optimization needed
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From reducing impact towards positive impact

Energy saving, GHG
reduction
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Reaching the limits of optimization

Energy
production

Stringent
effluent TN
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Shifting from

ey

-

less negative to positive

2,

Energy production, CO,
uptake, fossil fuel-based
products replacements

Enhance

)

Energy saving, GHG
reduction

12 October 2023

Space creation

Space saving

N&P fertilizer, N to energy,
protein (feed)

Reduction of N&P
discharge

Water source to combat
drought, for agriculture,
nature, industry

)

Reduce water
consumption
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Water factory Wilp

No CODIN limit F

—> Water

N
Wastewater Nutrients {

E-Coagulate

screen + DAF

- Org. Matter || COD

|
concentrate

) valisi Vo
Witteveen velm !4: sssss o‘DHMV
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QOutcome

m Excellent removal of TSS, N and P

m Poor removal of COD and insufficient of

BOD

m  CEC compliant with Guidelines of Ministry

of I&W (IPMV)

m Requirement (EFD) | Average | Maximum

TSS mg/I
P-total mg/I
N-total mg/I
CcoD mg/I
BOD mg/I
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<3
<0,15
<4,8
<125
<20

0,0
0,01
0,87
74,2
30

<5
0,05
1,27
79
53
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Energy consumption & production (100,000 PE)

Yearly total power consumption and production
4,000

3,500

3,000

N
al
o
S

2,000

Power use (MWhly)

CHP

=
)
=
S

1,000

©
7]
=
©
£
o
®)

500

Bic
i
0 ]

Consumption Production net production Consumption Production net production

Conventional treatment Optimized state of the art

Consumption Production net production

Water factory
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Tonne CO2 eq/ year

CO, balance of operation (100,000 PE)
2 ) 3,000
Emitted, avoided and net CO2 (equivalents) emitted including CCUS on CHP
8,000
Chemicals (Fe)
6,000
CH,
2
4,000
2
hate-N
2,000
-
CO2 emissions Avoided CO2 Net accountable CO2  CO2 emissions Avoided CO2 Net a CO2 emissions Avoided CO2 Net a CO2
emissions emission emissions emissions emissions
Conventional approach including CCUS CHP Optimized state of the art including CCU Water factory including CCUS CH
-2,000
Excluding CO,
-4,000
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Space creation in a bird view

Stowa, 2023

J ; ‘

 TN<Lmg/l

177 T\'= 10 mg/l

P Coarse screen
[ Fine screen

Electro coagulation

e Flocculation

B Dis<oived Air Flotation
e Buffer

S Nano filtration
N o, exchange (1)
fr— lon exchange (2)
[ pH correction
B c-preparation
B Chemicals
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Conclusions

 Future societal challenges require new approaches in WWT
« Boundaries are reached in optimizing effluent levels, energy
and GHG, space
* New approaches will involve more chemical/physical
processes
* These processes produce a high-water quality, are climate
positive and free up space
* |ldentified bottlenecks in this technology development are:
« COD and BOD soluble in effluent
« High Fe and other chemical usage

AquaConnect
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