_A .
\- e

Calibration of a biokinetic model to
simulate microalgae growth

Ph.D Student Alessandro Solimeno

UNIVERSITAT POLITECNICA COMSOL
@ DE CATALUNYA CONFERENCE
BARCELONATECH 2014 CAMBRIDGE



Introduction



s

—— 0™ vams0®

mepna

Introduction



Objectives

® To show a new mechanistic model that includes physical
and biokinetic processes to simulate microalgae growth in
photobioreactors and open ponds

To implement the mathematical model into Comsol
Multiphysics to simulate the microalgae growth in different
case studies.

® To calibrate the model using experimental data
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Physic and chemical processes

The Model mediated by microalgae
l Biokinetic expressions of RWQM1
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Grow of microalgae, equilibrium process and photosynthesis
and photoinhibition sub-model compose the structure of this

Processes Mathematical equation
_ Sco2+SHco3 SNH3+SNH4

Growth of algae on NH, P1a = Mare * frrs(T) -nps(I,Soz) - scor? Knare+Snms+Snm “Xare

Kcaic+Scoz+Sucoz+—-C22— "N,

CALG co2 HCO3 lCOZ,ALG
Sco2+SHco3 Sno3 Ky aLG
Growth of algae on NO, P1b = Bare * frrs(T) - nMps(,So2) - ) . XaLe
Sco2”  KnaLGtSno3s KnaLGtSNH3TSNH4
Kcare+Scoz+Sucos i ’ ’
. .. s
Endogenous aerobic respiration pP2= Kyespare  frrs(T) - —2— X6
’ ’ Ko2,4L6+S02

Inactivation of algae

P3= Kaeatnare * frrs(T) - Xare

Chemical Equilibrium CO, - HCO3  p13 = Keq1 " (Scoz — %)
Chemical Equilibrium HCO3 - CO3™  p14 = Kegz - (Shcos — S,’;f:‘z’s)
Chemical Equilibrium NH} - NH; P15 = Keg3 - (Snpa — %:’:3)
Chemical Equilibrium H* - OH™ P16 = Keqw - (1 — %)

Volatilization 0,

Poz=K&;" - (S5} (T) — Sp2)

Volatilization CO,,

Pcoz= Kio% - (S265(T) — Scoz)

Volatilization NH3

pvuz= K - (—Snu3)




The kinetic processes are described by Monod equation

Sco2 *+ Sucos Snuz + Snua

P1a = HaLc * * XaLG

!

Maximum growth rate of
microalgae

k
Sco2”  Kwnare + Snusz + Snna

Kc arc + Scoz + Sucos + i
C02,ALG

Carbon as a limiting factor and inhibitor at high
concentrations

Nitrogen as a limiting factor

fres(T) —— Thermic photosynthetic factor

nps(l,Sp,) —= Factor of photosynthetic performance

UPS(I;Soz) . fL(I) *pr(SOZ)
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To evaluate algae growth or dissolved components concentration
we have to sum the product of each process by its correponding
stoichiometric coefficient




The model was calibrated through a case study based on
cultivation of microalgae in a synthetic waste water.

Parameter Concentration Units
TC 170 g/m?3
TN 8,3 g/m3
pH 8,5

Xalc 100 gBOD/m3

Microalgae growth

Addition of nitrogen

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Time [d]
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Parameter Descrption Value
MaLG Maximum growth rate of algae 1,5d?
Koz Mass transfer coefficient from O, 20 d*

Microalgae growth

Day/Night Algae Growth

0 6 12 18 24 30 36 42 48
Time [hours]

e==Simulated

=$=Experimental

8 9
Time [d]

10 11 12 13 14 15 16 17 18 19
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HCO,
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Case Study : effect of temperature and irradiation

Time (d)

. : india Moscou
Irradlatlon Indla June December| June |December
Hora (2C) (2C) (2C) (2C)
= 1500 /\ e June 0:00 39 19 16 11
[7,) . _
?\1 1000 / \ December 1:00 28 18 17 10
e / \ 2:00 37 17 18 -9
g 800 / \ 3:00 36 16 18 -9
o 600 N\ 4:00 35 15 18 -9
2. 100 / / \ 5:00 34 14 18 -9
L= / / \ \ 6:00 33 13 18 -9
; / / N\ 7:00 35 15 18 9
c 10 15 20 8:00 37 17 18 -9
Time (d) 9:00 39 19 19 -8
10:00 41 21 20 -7
11:00 43 24 20 -7
1600 Irradiation Moscow 12:00 44 25 21 6
13:00 45 26 21 -6
1400 14:00 46 27 21 -6
= 1200 N\ = Jure 15:00 46 27 22 5
* / \ e December . _
5 1000 16:00 46 27 22 5
$E / \ 17:00 45 26 23 2
— 800 18:00 45 26 22 5
3 /\ | -
5 600 / \ 19:00 43 22 22 -5
o 400 20:00 42 21 21 -6
/ \ 21:00 40 19 21 -6
200 / A \ 22:00 40 19 20 -7
0 23:00 39 18 20 -7




Case Study : effect of temperature and irradiation

Microalgae Growth - June
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e Adopting RWQM1 as base model and considering the
dissolved carbon as a limiting factor for the growth of

microalgae, it has been possible to implement in

COMSOL Multiphysics an integral biokinetic model.

® The model is able to accurately simulate the microalgae growth
In the experiment.

The next step will be to simulate the hydraulic and hydrodinamic

behaviour in a photobioreactor and implent in the model the
processes of bacteria
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Thank you for attention!

alessandro.solimeno@hotmail.it



