Delft University of Technology

Delft Center for Systems and Control

Technical report 23-006a

A Novel Mechanistic Modelling Approach
for Microbial Selection Dynamics:
Towards Improved Design and Control of
Raceway Reactors for Purple Bacteria —
Supplementary Material*

A. Alloul, A. Moradvandi, D. Puyol, R. Molina, G. Gardella,
S.E. Vlaeminck, B. De Schutter, E. Abraham, R. E. F. Lindeboom,
and D. G. Weissbrodt

October 2023

Delft Center for Systems and Control
Delft University of Technology
Mekelweg 2, 2628 CD Delft

The Netherlands

phone: +31-15-278.24.73 (secretary)
URL: https://www.dcsc.tudelft.nl

* This report can also be downloaded via https://dspub.eu/23-006a


https://www.dcsc.tudelft.nl
https://dspub.eu/23-006a

A novel mechanistic modelling approach for microbial
selection dynamics: towards improved design and
control of raceway reactors for purple bacteria —

Supplementary material

Abbas Alloul®®!, Ali Moradvandi®®!*, Daniel Puyol?, Rail Molinad, Giorgio
Gardella®, Siegfried E. Vlaeminck?®, Bart De Schutter!, Edo Abraham®, Ralph
E. F. Lindeboom®, David G. Weissbrodt®®

%Research Group of Sustainable Energy, Air and Water Technology, Department of
Bioscience Engineering, University of Antwerp, Groenenborgerlaan
17, 2020, Antwerpen, Belgium
bDepartment of Water Management, Delft University of Technology, Mekelweg 5, 2628
CD, Delft, The Netherlands
¢Department of Biotechnology, Delft University of Technolog, Maasweg 9, Delft, 2629
HZ, The Netherlands
eGroup of Chemical and Environmental Engineering, University Rey Juan
Carlos, 28933, Madrid, Spain
¢ Department of Biotechnology and Food Science, Norwegian University of Science and
Technology, 7034, Trondheim, Norway
IDelft Center for Systems and Control, Delft University of Technology, Mekelweg 2, 2628
CD, Delft, The Netherlands

Abstract

This document contains supplementary material for the paper “A novel mecha-
nistic modelling approach for microbial selection dynamics: Towards improved
design and control of raceway reactors for purple bacteria” by A. Alloul, A. Morad-
vandi, D. Puyol, R. Molina, G. Gardella, S.E. Vlaeminck, B. De Schutter,
E. Abraham, R.E.F. Lindeboom, and D.G. Weissbrodt, Bioresource Technol-
ogy, vol. 390, p. 129844, Dec. 2023.

*Corresponding author: A. Moradvandi: a.moradvandi@tudelft.nl
1 Abbas Alloul and Ali Moradvandi contributed equally as first co-author.



0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 Fudds woSonN
ST 00 0 0 0 0 0 0 0 0 T 0 0 0 0 Fuddis wSoIp<H
T 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 uopnossip/Surddizys opgxorp woqre))
€0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 wOPN[OSSIp UFAXQ)
sosseo0ad [earskyq
a - 0 0 0 0 0 SXV4A[  SXdIS[  SX'NIS[ sXTHS| SXOIS[ SX'VAAL sX'ssf 0 SISA[OIPAY
SISA[0IpAT
I o I - 0 0 0 0 0 rdif iy 0 oIy 0 0 0 ANVY jo fedsa(]
or o 0 T 0 0 0 0 0 ANVAg—  ANVNg—  ANVg/THENVVIAS SS'UNVOIf ANV /SSENVVIAL ANV /T 0 56 w0 Y08 o100} A[OTRTY
(487 y) er930Rq dIqOIRRTY
60 1 0 - 0 0 0 0 wdlf 0 olf 0 0 0 44V jo Leooq
g8 0 0 0 1 0 0 0 0 gavdg 0 VvaAaavorf aavyg/1— 0 AAVL/(AAVE —T)=  VAAG u0 [3m0I8 opdononioqouayd o1qomy
L0 0 0 1 0 0 0 0 gavdg 0 ssaavorf (LY VA aqVE)(FAVE - T)— $g uo yymoid orgdonojeyowny Moy
(99V y) erojoeq d1qotay
9 0 T 0 0 1 1 1 0 ordif PPNIf 0 oIy 0 0 0 CwEdy 4 rAdy utddy = ady jo fuwaq
¢ 0 0 0 0 1 0 0 0 dddg— ddNg— 0 SSOUVDIf PUTEAR [SSOUCVAAL g [1— 0 6 Y308 oqdo3010394owdYd dIGoITUY
0 0 0 0 0 T 0 0 dddg ad'Ng 0 vdawworf ovgdy 1 0 Pmady/(vadg — 1) VIAG [3xm018 o1donoejetoman JlqoIay
200 0 0 0 1 0 0 dddg— ddNg— 0 s§vIf 0 PTEdg/y— oeady (rady — 1)~ §S 018 o1do013YOW DIGOIY
0 0 0 0 0 0 1 0 dddg— ddNg— 0 vaautorf ubddy 1~ 0 0 VI Ag 1o y3n018 drydonoieloqosoyq
T o o0 0 0 0 0 T 0 dddg— ddNg— 0 SsUtoIf 0 wrEdg/1— 0 $g 10 (1018 d1Ydo10I13OYOI0T
(94 y) e110900q Ojdang
(1) ssov01q

(1) oyea ssoo01g sy anvy wady  omady  uady Ig arg Nig erg g viag sg 20g

(¢) olqerrep ojerg

TNGd 2U? JO XIIjew uosiofed 1'S o[qel,



PPB abundance %

100 [ [—©—srT=1
—6—srr=2
—&—sRT=3
—6—srr=4
—6—sRT=5
—&— sRT=6
—o—srr=7
75 | |—6—s~r=s
—6—srr=9
—&—sRT=10
50
25
ol . . L L L
1 2 3 4 5 6
HRT (day)

COD removal efficiency %

75

50

SLALLLL L

o—6- ——6—0o—_ o

-—0

HRT (day)

Figure S.1: Effects of HRT and SRT on PPB abundance and COD removal efficiency.




Table S.2: The PBM parameters required for simulation.

Symbol Definition Value Unit
Kinetic parameters

Maximal specific phototrophic growth rate of PPB 1
Him,SS,PB,ph 0.0525 h

on soluble organics

Maximal specific phototrophic growth rate of PPB 1
Wm,VFA,PB,ph 0.0783 h

on volatile fatty acids

Maximal specific aerobic chemotrophic growth rate 1
Hm,SS,PB,ch 0.0500 h

of PPB on soluble organic

Maximal specific aerobic chemoheterotrophic growth rate 1
Wm,VFA,PB,ch 0.0525 h

of PPB on volatile fatty acids

Maximal specific anerobic chemoheterotrophic growth rate 1
Hm,SS,PB,an 0.0124 h

of PPB on soluble organic
bm,PB,dEC Specific decay rate of PPB 0.0113 h—1
Hm,SS,AHB Maximal specific growth rate of AHB on soluble organics 0.0758 h—1
Km VFA,AHB Maximal specific growth rate of AHB on volatile fatty acids 0.0758 h—1
bm,AHB,dec Specific decay rate of AHB 0.0156 h—1
Hm,SS, AN Maximal specific growth rate of AN on soluble organics 0.0238 h—1
bm, AN, dec Specific decay rate of AN 0.00083 h—1
Hhyd Hydrolysis rate of suspended solids 0.0035 h—1
Ks g Light half-saturation constant of PPB 3 Wm—?
Ki g Light inhibitory constant for chemotrophic growth of PPB 100 Wm—2
KI,O2,PB Oxygen inhibitory constant for phototrophic growth of PPB 0.7 mgCODL_1
K5 ,02,PB Oxygen half-saturation constant for chemotrophic growth of PPB 0.05 mgCODL ™1
K1 02 AHB Oxygen half-saturation constant for AHB 0.05 mgCODL ™1
KI,O2,AN Oxygen inhibitory constant for AN 0.05 mgCODL_1

Soluble organic half-saturation constant 1
K3 58,ph 5 mgCODL ™

for phototrophic growth of PPB

Volatile fatty acid half-saturation constant 1
KS VFA,ph 20 mgCODL ™

for phototrophic growth of PPB

Soluble organic half-saturation constant 1
Ks 55,ch 0.4 mgCODL ™

for chemotrophic growth of PPB

Volatile fatty acid half-saturation constant 1
KS VFA,ch 0.4 mgCODL ™

for chemotrophic growth of PPB

Soluble organic half-saturation constant 1
Kg. SS,an 5 mgCODL ™

for anaerobic chemotrophic growth of PPB
Kg SS.AHB Soluble organic half-saturation constant for AHB 5 mgCODL ™1
Ks VFA,AHB Volatile fatty acid half-saturation constant for AHB 5 mgCODL ™1
KS,SS,AN Soluble organic half-saturation constant for AN 5 mgCODL71
Kg N Inorganic nitrogen half-saturation constant 0.005 mgCODL ™1
Ks 1p Inorganic phosphorus half-saturation constant 0.001 mgCODL 1
Mg Metabolic switch 0.28
Stoichiometric parameters
YPB,ph Biomass yield for phototrophic growth of PPB 1.00 mgCODmgCOD_1
YpB.ch Biomass yield for aerobic chemotrophic growth of PPB 0.52 mgCODmgCOD ™1
YpPB,an Biomass yield for anaerobic chemotrophic growth of PPB 0.197 mgCODmgCOD 1
YAuB Biomass yield for AHB 0.67 mgCODmgCOD_1
YaN Biomass yield for AN 0.197 mgCODmgCOD ™1
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Symbol Definition Value Unit

Stoichiometry of inorganic carbon produced .
frc,ph,ss 3.897702e-3 mgCODmgCOD

for phototrophic growth of PPB on soluble organics

Stoichiometry of inorganic carbon produced 1
fro,ph,vFA 3.897702e-3 mgCODmgCOD ™
for phototrophic growth of PPB on volatile fatty acids

Stoichiometry of inorganic carbon produced

f1C,ch,SS 0.01400 mgCODmgCOD 1
for aerobic chemotrophic growth of PPB on soluble organics

Stoichiometry of inorganic carbon produced 1
f1C,ch,VFA 0.023728 mgCODmgCOD ™
for aerobic chemotrophic growth of PPB on volatile fatty acids

Stoichiometry of inorganic carbon produced 1
frc,an,ss -0.02702 mgCODmgCOD ™
for anaerobic chemotrophic growth of PPB on soluble organics

Stoichiometry of inorganic carbon produced .
frc,AHB,Ss 0.01400 mgCODmgCOD ™

for growth of AHB on soluble organics

Stoichiometry of inorganic carbon produced 1
frc,AHB,VFA 0.023728 mgCODmgCOD ™

for growth of AHB on volatile fatty acids

Stoichiometry of inorganic carbon produced

fIC,AN,SS -0.02702 mgCODmgCOD 1
for growth of AN on soluble organics

fro,dec Inorganic carbon produced from bacterial biomass decay -1.984127e-04 mmolHCOg — Cmgcop 1
fIN,dec Inorganic nitrogen produced from bacterial biomass decay 0.058 mgNH3 — ngCOD_1
frp,dec Inorganic phosphorus produced from bacterial biomass decay 0.01 mgPOy — PmgCOD 1
fsre,xs Suspended solids produced from hydrolysis 1.303971e-06 mmolHCOg — CmgcoDp 1
fSS,XS Soluble organics produced from hydrolysis 1.638241-01 mgCODmgCOD ™ 1
fsH2,x5s Hydrogen produced from hydrolysis 8.442468e-02 mmolHCOg3 — CmgCcOD 1
fSIN,XS Inorganic nitrogen produced from hydrolysis 1.162246-02 mgNHg — NmgCOD 1
fSIP,XS Inorganic phosphorus produced from hydrolysis 2.075440e-03 mgPOy — ngCOD_1
fSI,XS Inert soluble organics produced from hydrolysis 1.518208e-01 mgCODmgCOD71
fX1,Xx8 Inert suspended solids produced from hydrolysis 4.330911e-01 mgCODmgCOD ™1
fVFA,AN,SS Fraction of VFA produced during acidogenic fermentation 0.7728 mgCODmgCOD_1
fH2,AN Fraction of hydrogen produced during acidogenic fermentation 0.0304 mgCODmgCOD71

YN, PB Nitrogen content of PPB -0.0860 mgNmgCOD 1

YN, AHB Nitrogen content of AHB -0.0860 mgNmgCOD !

YN, AN Nitrogen content of AN -0.0860 mgNmgCOD 1

Yp pB Phosphorus content of PPB -0.0150 mgPmgCOD 1

Yp AHB Phosphorus content of AHB -0.0150 mgPmgCOD 1

YP,AN Phosphorus content of AN -0.0150 mgl"mgCOD71

Physico-chemical parameters

€ Light extinction coefficient 0.07

- Light absorbance and scattering factor 1.15

Sgo Light intensity 54 W m™—2
PkaCOQ Acid-base equilibrium coefficient for inorganic carbon 6.37

PkaNH‘l Acid-base equilibrium coefficient for inorganic nitrogen 9.25

Klapo Oxygen gas-liquid transfer coefficient 1 h—1
Klaco2 Carbon dioxide gas-liquid transfer coefficient 0.0127 h—1
Klapnpgs Ammonia gas-liquid transfer coefficient 0.533186 h—1
Klago Hydrogen gas-liquid transfer coefficient 1.6 h—1

osat Saturated oxygen 7.85 mgOo,L—1
COS”‘t Saturated carbon dioxide 0.0127 mmolHCOZ L1
NHgat Saturated ammonia 0.533186 mgNL 1
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Symbol Definition Value Unit

HSt Saturated hydrogen 1.6 mgH,L 1
fo2,PB Oxygen uptake chemoheterotrophy of PPB %Pyifh) mgO2mgCOD 1
f02.AHB Oxygen uptake chemoheterotrophy of AHB W mgO2mgCOD 1
Reactor geometry

v Volume 100 L

A Area 0.5 m

fH/S Fraction of removed particles gg,lq:




Table S.3: Different versions of mechanistic models simulating the utilization of PPB in WWT.

Name PAnM PBM ePAnM
Conditions Anaerobic Semi-aerobic Aerobic
Processes 6 16 30
PPB-based 5 6 11
Other biomass - 5 19
Hydrolysis 1 1 1
Physical processes - 4 2
State variables 10 15 21
PBB-based 1 3 1
Acetate
Acetate VFAs
Substrate Other VFAs
Other organics Other organics
Other organics
PBB
Aerobic heterotropic
Photoheterotrophic PPB Acidogenic
(An)aerobic chemoheterotrophic PBB  Acetogenic
Biomass PPB
Aerobic heterotropic Aerobic predators
Acidogenic Heterotrophic sulphate reducing bacteria
Autotrophic sulphate reducing bacteria
Microalgae biomass
Photoheterotrophic
Photoheterotrophic
. Photoheterotrophic Photoautotrophic
PPB metabolisms Photoautotrophic

Anaerobic chemoheterotrophic

(An)aerobic chemoheterotrophic

(An)aerobic chemoheterotrophic

Fermentative

Competitive inhibitions

Inorganic nitrogen

Competitive inhibitions
Inorganic nitrogen

Inorganic phosphor

Inorganic nitrogen
Inorganic phosphor

Free amonia

Inhibition functions Inorganic phosphor Photoheterotrophic light Light
Free amonia Chemoheterotrophic light Oxygen
Light Photoheterotrophic oxygen pH
Chemoheterotrophic oxygen Temperature
Carbon dioxide dissolution/stripping
Oxygen dissolution/stripping Carbon dioxide loses
Physical processes -
Stripping of hydrogen Oxygen supply
Stripping of ammonium
Operational mode Continuous SBR/Constant Continuous
pH Dynamic Constant Dynamic
Temperature Constant Constant Cardial temperature model
Light Constant Lambert-Beer’s law Lambert-Beer’s law




