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Figure S1. Flowchart on the computational methodology for adequate use of iron co-limitation model.  

 

For each iron evaluated concentration determine 
kinetic parameters maximum specific growth rate 

(µmax), affinity constant for glucose (Ks), and 
substrate yield (Yx/s), assuming Monod equations 

for one limiting compound using fminsearch
function.

Once determined maximum specific growth rate 
(µmax) for each iron concentration, employ these 

data for determing the parameters for the 
uncompetitive  kinetic model proposed in 

Equation (1)

With the following parameters determined: iron 
maximum specific growth rate (µFe), iron affinity 
constant (KFe)  and iron inhibition constant (KiFe); 
the user can solve the ODE proposed in the iron 

co-limitation model using ODE45 function of 
MATLAB 2019b.

If the simulated conditions are not fitting 
experimental data, the user should use fminsearch

function to calibrate iron substrate modulation 
constant (n), which can vary between different 

microalgae species.

𝒅𝑿𝒅𝒕 =  𝝁𝒎𝒂𝒙 𝑺𝑲𝒔ା𝑺 𝑿    𝒅𝑺𝒅𝒕 = − 𝝁 𝑿𝒀𝑿 𝑺 ൗ  𝝁𝒎𝒂𝒙 = 𝝁𝑭𝒆 𝑭𝒆 ሺ𝑲𝑭𝒆 + 𝑭𝒆 + 𝑭𝒆𝟐𝑲𝒊𝑭𝒆ሻ              
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Figure S2. Specific growth rate increment calculated after iron addition (18–25 h) on the late exponential phase of the 
heterotrophic culture of C.sorokiniana. 

Table S1. Mass balance equations for fed-batch bioaugmentation process; it is noting that substrate consumption for 
maintenance was assumed to be cero. 

Biomass growth mass 
balance 

𝑑𝑋𝑑𝑡 = ൬𝜇 − 𝐹𝑖𝑛𝑉 ൰ 𝑋 

Substrate consumption 
mass balance 

𝑑𝑆𝑑𝑡 = −1𝑌𝑥𝑠 𝜇𝑋 + ሺ𝑆𝑓𝑒𝑒𝑑 ∗ 𝐹𝑖𝑛 − 𝑆ሻ 𝐹𝑖𝑛𝑉  

Volume balance 𝑑𝑉𝑑𝑡 = 𝐹𝑖𝑛 = 𝐹𝑜 𝑒ఓ∗௧ 

Initial flow rate 𝐹𝑜 = ഋ∗ೊೣೞሺௌ௙௘௘ௗିௌሻ    ቄ6ℎ0ℎ ;  𝜇 = 0.13 ℎିଵ 

Where X is the concentration of biomass (g L−1); µ* is the specific growth rate (h−1) fixed during the fed-batch; 
Fin is the feeding rate (h−1), for fed-batch cultivation; Fo is the initial feeding rate for exponential feeding profile 
(L min−1);V is the volume of the medium (L); YXS is the substrate yield coefficient (g g−1); S is the glucose concen-
tration (g L−1) and Sin is the glucose concentration in the feed (g L−1). 

Supplementary Materials: Figure S1: Flowchart on the computational methodology for adequate use of iron co-limitation model. 
Figure S2: Specific growth rate increment calculated after iron addition (18–25 h) on the late exponential phase of the heterotrophic 
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culture of C. sorokiniana. Table S1: mass balance equations for fed-batch simulations. The MATLAB code for ODE solution of the iron 
co-limitation model is available in https://github.com/ECharria/IronModelMicroalgae/tree/main. 
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