HILCITCYy “
2 Seas Mers Zeeén
NEREUS

Euraasn Reqlonal Development Furd

Circular
economy

INTERREG
2 SEAS
NEREUS
PROJECT

15t of June 2021
Veerle Depuydt

Viakwa | f V|to 2: ( 6’\) 5, ;‘," ’. University of UNIVERSITY e SOUthern
. waterlink  —DuCoop ides CAPso @ Portsmouth PrATTLED SERCES ~ Water

waterbedrijf




witerreg A
NEREUS 2 Seas Mers Zeeén
,,,,,,,, NEREUS

vvvvvvv
Liapean Regions! Development Fund

New Energy and REsources from Urban Sanitation

Programme priority: 4. Resource efficient economy
Programme priority specific objective: Increase the adoption of new circular economy solutions in the 2Seas area

PROJECT DURATION: 1/10/2017 —31/12/20201
TOTAL PROJECT BUDGET: +/- 6.9 million €(48,10% ERDF cofinancing)
OVERALL OBIJECTIVE

Is to increase the reuse of resources, water and energy from waste water by
boosting the adoption of technologies that recover resources, water and energy
from wastewater in urban areas

> Demonstration framework and institutional framework
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Democase Den Hoorn

Results on Resource recovery from municipal wastewater

T.Steenbakker
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- Contents
« NEREUS democase Den Hoorn; The process
« General

« Resource recovery
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NEREUS democase Den Hoorn

Eurenean Fegtans! Gevlommer P

Influent * Drum sieve » Fe-coagulation Nanofiltration, » Softener Reverse ——-I*_
(FC) polymer (NF) osmose (RO)
RO
FC sludge NF concentrate concentrate
E ] L J L J
Fine sieve Ar_:aerl;lthlc _- Algae Effluent
digestion culture
screenings Digestate Biomass
r ¥ Disrupted T
Enzymatic PO, recovery Anaerobic | cells Disruption
conversion digestion & extraction
Extracted
product

Return to sewer Return to sewer
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NEREUS
- Focus on resource recovery. e -
- Gained operational experience. Team NEREUS o
- Fe-Elektrocoagulation: - David Moed Teamleider R&D
« Switch to Fe-coagulation; - Paula van den Brink Projectleider/procestechnoloog
« Requirements nanofiltration. - Han van de Griek Procestechnoloog
- Nanofiltration: - Tessa Steenbakker Procestechnoloog
. Operational challanges; - Salah Alzuhairy Procestechnoloog
. Biological active water. * Vincent Eckhardt Procestechnoloog
. *  Ruben Kok Procestechnicus
* Reverse osmosis: - Siem Eerden Stagiair TU Delft

* No challanges.
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Influent — Drum sieve

Cellulose to C-source e interreg H
— 2Seas Mers Zeeén
NEREUS

« Cellulose from toilet paper.

- C source is needed for denitrification.

- In the event of a lack of influent > purchase methanol or
glycerin.

- Great impact on CO? footprint.
- Possible to enzymatically convert fine sieves into C-source?
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Cellulose to C-source interreg H
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* Enzyme performs best in acidic environment . T

« Several experiments on lab- and pilot scale:
 Optimise conversion;
« Use of the product;
« Use of the ‘leftovers / waste’ of the conversion.
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Cellulose to C-source 'thegegzﬂ

Euroasan Regianl esrnpmert |

Pretreatment effect of fine screenings with 2% cellulase enzyme on
cellulose hydrolysisat 50 ° C, in batch / continuous reactor, 2%
enzyme, 2.5% d.s., without pH control
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Cellulose to C-source

mg N-NO3/L

Denitrification test of glycerin and C-source prepared by The enzymatic
hydrolysis of fine screenings from Schiphol wwtp
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EXP: Denitrification test of
glycerin and C-source produced
from screenings of wwtp. HNP
and Schiphol

Fine sieve

Screenings

Enzymatic
conversion
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Cellulose to C-source stucgﬂ

Eursaenn Regians Gernpmert |

- Bio-Methane potential test (BMP) of the leftovers
after the cellulose hydrolysis

- Methane productivity per gram of organic material: O —
« Filtered leftovers: 384.4 ml/g o.m.
* Primary sludge from Harnaschpolder wastewater ':j
treatment plant: 360 ml/g o.m. e—y -
- This means that the leftovers can be anaerobically EE

converted to methane.
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Fe-coagulation

- Removal of:

Suspended solids; 90%
Chemical oxygen demand; 71%
Total fosfor; > 77%
Orthophosphate; > 69%

Total nitrogen; 29%

Total iron; 92%
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Fe-coagulation; Biogas production

HHILCITICY ;
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. L . . NEREUS
Experiments on anaerobic digestion to produce biogas: e -
Compare FC-sludge to primary sludge of HNP.

Sample Methane productivity (mL/g o.m.)
Fe-coagulation-sludge 362
HNP primary sludge 329
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Fe-coagulation; Biogas production

Experiment to optimise biogas production:
Related to pH (pre-treatment increase pH).

Sample Methane productivity (mL/g o.m.)
FC-slib, pH 7 362

FC-slib, pH 8 479

FC-slib, pH 9 586

FC-slib, pH 10 0

HHILCITICY g
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Fe-coagulation; biogas production

Digestor design:
« Residence time 15 days

« 17,1 kg TSS/day
> 8.9 m3 reactor volume

With pH 9-yield: 5.8 m3/day

» 0.65 m3 gas/m3 reactor/day

Compared to HNP digestor: 0.54 m3 gas/m?3 reactor/day

HHILCITICY ;
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Fe-coagulation; P-recovery

+ From digestate anaerobic digestion.
- Daily 403,2g P in sludge.

« Struvite production could be 3,2 kg per day.

- Heavy metals in sludge!

Measured value Allowed

mg/kg DS mg/kg DS
Copper 547,2 75
Lead 2036,3 100
Zinc 1606,4 300
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Algae culture 5 nterreg
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Anaerobic s Disruption NEREUS

« Tubulaire photobioreactor (PBR)

Extracted
product

«  Continuous culture

+ Autotrophic growth

 N-removal: ends up in algae biomass:

- Valuable pigment: Phycocyanin

Galdieria
sulphuraria

pH1-6

Produces C-Phycocyanin
(pigment) ~80€/mg o
ides
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PBR
o - - PBR, continue, autotrophic, synthethic
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NEREUS
- Needed reactor volume for removal of 5 g NH,-N/uur (50 L/uur RO
concentrate).
ool |-
- Adding CO, essential. - o
- 16 m3 reactor needed to remove N. core

Anaerohic cells Disruption
digestion & extraction

Extracted
product

- Growth rate not high enough: add C-source?
« 600L reactor volume limited on growth rate.
- Enhance pigment production.

Raw pigment
(N-product)
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« Experiments with pigment extraction from algae:
- Beadmill, drying & freezing, pre-treatments, disruption techniques etc..
- Pigment extraction is hard to acomplish (very strong algae).

ccccccccccc

- Enhance pigment production with mixotrophic culture.
«  Tests with different C-sources: glucose proved best.

- BMP tests on algae biomass succesfull (biogas production).
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Influent » Drum sieve » Fe-coagulation - Nanofiltration, » Softener * Reverse -—#_ V
(FC) polymer (NF) osmose (RO)
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FC sludge NF concentrate concentrate
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conversion digestion & extraction
Extracted
product

Return to sewer
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