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Appendix 1

MECHANISTIC MODEL TO SIMULATE MICROALGAE GROWTH

This ordinary differential equation (ODE)-based model for microalgae growth was adopted
from the work of Solimeno, Samsé [1]: Solimeno, A., et al., New mechanistic model to simulate
microalgae growth. Algal Research, 2015. 12: p. 350-358. This model follows the same
structure as the ADM1 and ASM3 formulated by the International Water Association.

The reaction rate for each component of the model r; is formulated using the following
expression: 1; = Z]-(vj,i X pi), where i is the chemical component, j is the process, p; is the
rate expression for i, and v; ; is the stoichiometric coefficient.

The ODEs for each model variable is consequently formulated as:

ds; gq;
d_tl = V:; (Siim—Si) + Z(Uj,i X p;)

dX; _ Gin
at Vi

(Xim — Xi) + Z(Uj,i X pi)
J

Key definitions for algae model:

Photosynthetic factor: nps(I, Sp2) = f.(I) - frr(So2)

where f; is the light factor and fpg the photorespiration factor.

adl
Al = aBI2+(a+pB)SI+ys’
production, S is rate of inhibition, § is rate of recovery

SO
Kpg - (‘L’ : SSZAT>
1 — tanh 02

fer(So2) = 1— S0, 'S0, < t-S55T
oS

a is rate of activation, y is rate of constant

0, SO0,>t1-S55T

where 1 is the coefficient of excess dissolved oxygen.

T_Topt 2

—225

Thermic photosynthetic factor: fr ps(T) = e™

where T, is assumed 25°C and s is a parameter value for empirical fitting



Table 1. Process rate expressions.

Appendix 1
- Delattre

LURA 2019

Processes:

Process rate expression

Microalgae growth on ammonia

. Snuz + Snua
) Kn,are + Snus + Snua

SCOZ + SHCO3

Kcare + Scoz + Sucos + <

Pra = Har * fres(T) * nps(, Spz) * 2
Sco2

ICOZ,ALG

* Xarg

Microalgae growth on nitrate

. Snos
) Ky arc + Snos

SCOZ + SHC03

Kcare + Scoz + Sucos + <

P1b = Harg * fres(T) * nps(, Spz) * 2
Scoz
lcoz,aLc

. Ky aLe
Ky arc + Snus + Snna

* Xarg

Microalgae endogenous respiration

So2 ¥
* AALG

pz =k ALG * fT,Fs(T) *
rese Koz.a16 + Soz

Microalgae inactivation

P3 = Kgeatnarc * fT,Fs(T) * Xarg

Chemical equilibrium CO, & HCO3 SuSHco3
2 3 Py = keq,l * (Scoz — K—)
eq,1
Chemical equilibrium HCO; < CO5™ SuScos
a 3 3 ps = keq,Z * (Shcoz — K )
eq,2
Chemical equilibrium NH} < NH SuSNH3
a * 3 Pe = keq,3 * (SnHa — K—)
eq,3
Chemical equilibrium H* & OH~ SuSon
p7 = keq,w * (1 - —)
Keq,w

Oxygen transfer to the atmosphere

Poz2 = Ka, 0, * (S%AT —S02)

Carbon dioxide transfer to the atmosphere

Pcoz = Ka, CO, * (S%I%T — Sco2)

Ammonia transfer to the atmosphere

pnuz = Ka, NH; * (Szlx/lvéqu — Snnu3)
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Table 2. Matrix of stoichiometric parameters that relates processes through stoichiometric coefficients

State variables-i SnHa Snu3 Sno3 So2 Sco2 SHco3 Scos3 Sh Son XarLe
Processes j gNm™3 gNm™3 | gNm™3 | gO,m™2 | gCm™2 | gCm™3 | gCm™3 | gHM™3 | gHm™® | gCODmM™3
Microalgae growth on P1a V1,1a V41a Vs 1a Vg,1a V10,1a
ammonia

Microalgae growth on nitrate P1b V3.1p Vs 1b Vs.1p Vg 1p V10.1b
Microalgae endogenous D2 V12 (2% Us 2 Vg2 V10,2
respiration

Microalgae inactivation P3 Vq3 Uy 3 Us3 Vg3 V10,3
Chemical equilibrium CO, & P4 Us,4 V6,4 Vg4

HCO3

Chemical equilibrium HCO3 < Ps Ve,5 V75 Vg

cos~

Chemical equilibrium NH} & Dé V16 Vag Vg6

NH;

Chemical equilibrium H* & o Vg7 Vg7

OH™

Oxygen transfer to the Po> V4,02

atmosphere

Carbon dioxide transfer to the Pcoz Us,co2

atmosphere

Ammonia transfer to the PNH3 Uy NH3

atmosphere




Table 3. Values of biokinetic and physic parameters.
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Parameters | Description Value Unit Source

Microalgae processes

HaLG Maximum growth rate of microalgae 1.6 d? Calibrated

Kresp,ALG Endogenous respiration constant 0.1 d? [49]

Kdeath ALG Inactivation constant 0.1 d? [49]
Affinity constant of microalgae on 3

Keare carbon species 0.00432 | gCm [43]

lcozaLc CO; inhibition constant of microalgae 120 gCm3 [53]
Affinity constant of microalgae on

K . -3

NALG nitrogen species 0.1 gNm [49]

Affinity constant of microalgae on 3

Koz aL dissolved oxygen 0.2 g0z m [49]

Photorespiration factor

Kpr Inhibition constant of photorespiration 0.01 - Assumption

T Coefficient of excess dissolved oxygen 4 - [15]

S(S)’;T Satur.ation concentration of oxygen in 71904 g0, m? [14]
the air

Photosynthetic thermal factor
Optimum temperature for microalgae o

Topr growth 25 C [19]

S Normalized parameter 13 — [19]

Light factor

a Parameter activation 0.001935 (UE m2)1 [58]

B Parameter inhibition 5.7848E7 | (uE m2)? [58]

Y Parameter production 0.1460 s1 [58]

8 Parameter recovery 0.0004796 | st [58]

Irradiance solar incident

B Phgto§ynthetic efficiency of solar 174 UE I (38]
radiation

N Index atmospheric clarity 0.74 - [38]

14 Universal solar constant 1353 W m-2 [38]

w Hour angle Calculated e [36]

Ws Sunset hour angle Calculated e [36]

[0) Latitude Observed e -

) Sun declination Calculated e [36]

Transfer of gases to the atmosphere

Ka02 Mass transfer coefficient for oxygen | 4 dt Calibrated

K. co Mass transfer coefficient for dioxide 0.7 ¢t Calibrated

' carbon
K. it Mass tr:.ansfer coefficient for 0.7 ¢t Calibrated
' ammonia
Table 4. Values of chemical parameters.

Parameters Equations

Chemical equilibrium CO, < HCO3. Keqr = 1017-843—%—0-032736(273-15+T)

Chemical equilibrium HCO3 < CO3~ Keqz = 109-494——22793,15+T—0-02379(273-15+T)

Chemical equilibrium NH} < NH 2891~ 7a Ty

4 3 Keq‘3 =10 (273. )
Chemical equilibrium H* & OH~ Kequw = 10——2%_7105?T+12-0875—0-01706(273-15+T)
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Kinetics parameters

Keg,1 Dissociation constant of CO, < HCO3. 10000 dt [49]
Keg,2 Dissociation constant of HCO3 < CO%‘ 1000 d? [49]
Keq,3 Dissociation constant of NH} < NH; 1000 dt [49]
Keq,w Dissociation constant of H* < OH~ 1000 gmld? [49]

Table 5. Mathematical expressions of the stoichiometric coefficients of each process.
Stoichiometric coefficient | unit
Microalgae growth on ammonia
Vi1a = —iNALG gN gCoD*

BicALG | o. ) 12iN aLG .
Vara = 5+ 8igaLc —loaLc — — g0, gCOD™?
Vs1a = —lcaLc gCgCOoD!
iNALG
= H gCOD1
Vg1a 14 greg
Vigia = 1 gCOD gCOD!
Microalgae growth on nitrate
V31b = —INALG gN gCoD-1
8icaLG | . ) 20inaLG .
Vaip = o F 8inaLc — loaLc — — g0, gCOD™?
Vs1p = —lcALG gC gCoD?
inALG
V. =" H gCOD1
8,1b 14 gHg
Vioab = 1 gCOD gCOD!
Microalgae endogenous respiration
Vi = InaLc gN gCoD*
) ) 8 . 12 .
vy, = (ioarc) — 8(inaLc) — 3 (icaLc) + i (inaLc) g0, gCOD
Vs, = lcaLc gC gCoD?
1
Vg2 = 14 (iN,ALG) gH gCOD!
Vipz = —1 gCOD gCOD!
Microalgae inactivation
Vi3 = InaLc gN gCoD*
) ) 8 . 12 .
Va3 = (ioarc) — 8(inaLc) — 3 (icaLc) + K2 (inaLc) g0, gCOD
Vs3 = IcaLc gC gCob?
1 3 1
Vg3 = __(IN ALG) gH gCOD-
: 14_ »
Vigz = —1 gCOoD gCOD!
Chemical equilibria CO, < HCO3
Ve = —1 gCgC1
Vea =1 gCgC1
Vg, = 1/12 gH gC!
Chemical equilibria HCO; < C0%~
Ves = —1 gCgC1
vys =1 gCgC1
vgs = 1/12 gH gC!
Chemical equilibria NHf < NHj
Vie=—1 gN gN™*
Voo =1 gN gN1
Vge = 1/14 gH gNt
Chemical equilibria Ht & OH™
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vgy =1

Vogy =1

Oxygen transfer to the atmosphere

Va2 =1

Carbon dioxide transfer to the atmosphere

Vscoz =1

Ammonia transfer to the atmosphere

VanHz = 1

Table 6. Values of fraction of carbon, hydrogen, oxygen and nitrogen in microalgae biomass.

Parameter Description ‘ Value ‘ Unit ‘ Source
Fractions of microalgal biomass

icaLg Fraction of carbon in microalgae 0.387 gCgCoD1 [49]
igaLc Fraction of hydrogen in microalgae 0.075 gH gCOD! [49]
ioaLg Fraction of oxygen in microalgae 0.538 g0, gCOD1 [49]
inaLG Fraction of nitrogen in microalgae 0.065 gN gCoD? [49]

Table 7. Values of calibrated parameters.

Parameter | Description Value
Uarc Maximum specific growth rate of algae 1.5d™
Ka, O, Mass transfer coefficient for oxygen 4d™
Ka,CO, Mass transfer coefficient for carbon dioxide 0.6d™"
Ka, NH; Mass transfer coefficient for ammonia 0.6d™
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