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MELISSA - Earth Application
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Circular Food Systems - FS context

i
Production Wateruse Nutrients
[kg m 2] [l m 2] [g1"]
Crop N P K
Tomato 65 900 2.42 | 0.57 |3.74
Cucumber 85 900 1.67 | 0.36 [2.37
Pepper 35 800 3.64 | 0.62 | 4.50
Lettuce 25 400 2.97 | 0.65 |4.50



Amsterdam Wastewater - FS context
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MIXED STREAM GREY WATER GREY WATER
VACUUM COLLECTED BLACK FECES + KITCHEN REFUSE
WATER + KITCHEN REFUSE

URINE

Source: i)Mixed, i) BW + GW, iii)BW + YW + GW
Data[p-t d-1]: Volume, COD, BOD, TN, TP, K, TSS, Ca, Mg, Na
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Amsterdam Wastewater - FS context
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GREY WATER GREY WATER

VACUUM COLLECTED BLACK FECES + KITCHEN REFUSE
WATER « KITCHEN REFUSE

MIXED STREAM

URINE

Source: i)Mixed, ii)BW + GW, iii)BW + YW + GW
Data[p-t d-1]: Volume, COD, BOD, TN, TP, K, TSS, Ca, Mg, Na
MELIiISSA output [p! d1]: Irrigation water, Fertilizer (NPK), Energy




From waste to resource concept
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, From waste to resource concept
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From waste to resource concept

Food

Wate black water
v
, household
SEMILLA
i urine
Compartment IV Compartment |
Urban Vertical Farming et s N S b e S g N S NPK f?\\ |  Continous stirred tank
-
Plant Factories with i oo i o NSl Anaerobic Digestion
Artificial Light N
irrigation
water

energy

4 @
supern. ﬁ
\_/.
Membrane
treatment

Compartment I

Photoheterotrophic Bacteria

Rhodospirillum rubrum




S
e

Input:
Volume: 2| p-1 d-1
COD: 27250 mg I-'1p-id-1

Model: BioWin (TU Delft)

System Design:

Volume: 100 people equivalent
HRT: 3 d

Temperature: 35 °C

Methane: 65% COD d-1
Electricity: 25% Methane

C1 - liguefying compartment

<3
model by TuDelft

Output:

Biogas rate: 1771.25 m3 CH, d-!
kWh Methane: 19438.75 kWh d-1
Electricity: 4870.93 kWh d-!
Electricity: 48.70 kWh p-1d-!




C1 - liguefying compartment
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model by fuDelft

Input: Output:

Volume: 2| p-1 d-1 Biogas rate: 1771.25 m3 CH, d!

COD: 27250 mg I-'1p-id-1 kWh Methane: 19438.75 kWh d-1
Electricity: 4870.93 kWh d-!

Model: BioWin (TU Delft) Electricity: 48.70 kWh p-1d-!

System Design: Food production demand:

Volume: 100 people equivalent Lettuce demand: 27.44 kWh kg1 d-1

HRT: 3 d Graamans et al. (2015)

Temperature: 35 °C Electricity produced: 48.70 kWh p-1d-!

Methane: 65% COD d-! Energy demand: 170%

Electricity: 25% Methane iiiduction: 1.7 kg p1dt?



Al C2 - Photoheterotrophic bacteria (PNSB)
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ﬁfﬁ‘ C2 - Photoheterotrophic bacteria (PNSB)

model by e
Input:
Greywater Urine
Volume: 49.4 | p~1d-! Volume: 2.4 | p~1d-!
COD: 1052.6 mg I'1 COD: 3750 mg I1
BOD: 566.8 mg |1 BOD: 1875 mg I!
TN: 28.3 mg |1 TN: 3583 mg |1
TP: 10.1 mg I! TP: 291.7 mg |1
TK: 20.2 mg |1 TK: 750 mg I-1
TSS: 1109.3 mg I? TSS: na

Pl Ty



ny C2 - Photoheterotrophic bacteria (PNSB)

= model by 4,
Input:
Greywater Urine
Volume: 49.4 | p-1d-! Volume: 2.4 | p1d-!
COD: 1052.6 mg I'1 COD: 3750 mg I'?
BOD: 566.8 mg |1 BOD: 1875 mg |1
TN: 28.3 mg |1 TN: 3583 mg I1
TP: 10.1 mg I! TP: 291.7 mg I!
TK: 20.2 mg |1 TK: 750 mg I-1
TSS: 1109.3 mg I? TSS: na
System design:
HRT: 1.5 d Biomass vyield:
SRT: 5d 0.37 gCODbiomass gCODremoved_1
Max. COD removal efficency: 80% Surface to volume ratio: 5 m2 m3

Max. COD removal rate: 1667 mg |’  COD:VSS: 1.42 gCOD gVSS-!



»‘fi\ C2 - Photoheterotrophic bacteria (PNSB)

model by Foammen
Output:
Greywater Urine
Biomass dryweight: 12.5 g p1 d-! Biomass dryweight: 2.27 g p1 d-!
Fertiliser Fertiliser:

N-1.06gp1ldl N-0.19gp1ldl
P-0.3gpld!? P-0.05gptldt?
K-0.06gpldt! K-0.01gpldt!

Tomato Cucumber Pepper Lettuce
[kg "'p "d 7]

N P K N P K N P K N P | K
GreyWater 1.5 1.9/ 0.05 3.5 4.7 0.1 |1 1.6 0.04 1.1 1.4 0.04

Urine 0.2/0.3/0.009 0.6 0.7 0.02 0.1 0.2/0.006 0.2 0.2 0.006




ny C2 - Photoheterotrophic bacteria (PNSB)
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model by Faanmen

Output:
Greywater Urine
Biomass dryweight: 12.5 g p1 d-! Biomass dryweight: 2.27 g p1 d-!
Fertiliser: Fertiliser:
N-1.06gp1ldl N-0.19gp1ldl
P-0.3gpld!? P-0.05gptldt?
K-0.06gpldt! K-0.01gpldt!
Effluent:
Greywater (491) Urine (21)
COD: 211 mg I'? COD: 1250 mg I?
TN: 8 mg |1 TN: 3253 mg |1

TP: 3 mg I TP: 272 mg |1



Membrane water treatment =
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*t.': Membrane water treatment =

model by ONIVERSITY

Influent: PNBS Effluent

Model: UGhent (Lindeboom et al. 2020)

Three iterations - 70% - 80% water recovery to ESA hygienic standard
System set up: ED 80%, NF 95%, RO1 70%, RO2 85%

Output: ED NF RO1 RO2
Volume [| d] 15.9 65.6 45.9 41.3
COD [mg I1] 32 153.2 1.5 0.2
TN [mg ] 86.1 40.8 1.6 0.1
TP [mg I'!] 0.3 6.2 0.1 0.0
TK[mg | 1] 3.3 15.5 0.5 0.0
Recovered [%l d1] 90 80.9

Pl Ty
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2 Closing the loop - best case scenario
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Waste stream

Closing the loop - best case scenario

— >MELISSA — Resource

Black water

—— C1 AD

Grey water/
Urine

leffl uent

—— Energy

C2 PNSB —— Nutrients

Membrane —— Water

[ kg pid 1] Tomato Cucumber Pepper Lettuce
Nutrients 1.70 4.10 1.50 1.20
Water 1.60 3.10 1.60 2.10
Energy NA NA NA 1.70
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8 =

GREY WATER

FECES + KITCHEN REFUSE
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Waste stream

Closing the loop - best case scenario

— >MELISSA — Resource

Black water

—— C1 AD

Grey water/
Urine

lefﬂ uent

—— Energy

C2 PNSB —— Nutrients

Membrane —— Water

[ kg pid 1] Tomato Cucumber Pepper Lettuce
Nutrients 1.70 4.10 1.50 1.20
Water 1.60 3.10 1.60 2.10
Energy NA NA NA 1.70

AN
el

'GREY WATER
FECES + KITCHEN REFUSE

URINE

212+1.33 210+0.70




M W A Scale Up scenario - Bijimerbajes Amsterdam

W, Circular neighbourhood
Green Tower - Vertical Farming

. ~2,500 inhabitants



M 5455\3, A Sqale Uup scenario - Bijlmerbajes Amsterdam

Circular neighbourhood
Green Tower - Vertical Farming
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=> 3,000 kg lettuce d!
=> 3,600 | clean water d!
=> 121,750 kWh d!




M 5455\3, A Sqale Uup scenario - Bijlmerbajes Amsterdam

Circular neighbourhood
Green Tower - Vertical Farming

g

ﬂ‘{‘" ; 148
o8 il 8T 5' | ~2,500 inhabitants
: 11 B amdBinl

=> 3,000 kg lettuce d!
=> 3,600 | clean water d!
=> 121,750 kWh d!

450,000 cal lettuce d*!
225 persons d!

% 4 12.4% food d-!
'-U ’
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ALTERNATIVE

Proof of concept (PoC)

Piloting a Raceway Reactor for the PNSB

Cultivation on Domestic Wastestreams for
Recovery of Nutrients and Water Treatment
as Resources for Food Production

ESA Ref: 4000130940/20/NL/MH/kdj

KUY University
d ® H
e« SEMiILLA
: s .: IPSTAR Circulor Systems™ Of Antwerp

WAGENINGEN

UNIVERSITY & RESEARCH




M Edgiﬁ A Proof of Concept - PNSB




Proof of Concept — Consortium

M s |
2>

Quw
Wag ternet

fnst .
amsty goo "N vecpy

x Gem
€ente
A Sterda

* marmete,r ein

GROWX @

nnnnnnnnnnnnnnnn
sssssssssssssssss
lllllllllll



| Geeies

<

Proof of Concept — Concept
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Proof of Concept — Location
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THANK YOU.

Giurgiv Radu, PhD
SEMILLA IPStar

Radu.giurgiu@semilla.io

www.melissafoundation.org
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