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Supplementary material 

In this file, equations are provided which were used, but not presented in the recent study. 
Equations A1 to A3 represent the equation system for rate calculation in a matrix form. Due to noise 
in the measurements a residuals vector ε needs to be introduced (Equation A4). Measurements for 
DoR and C balance without significant errors should therefore show residuals not statistically different 
from zero, indicated by the statistical test value h, a measure for the deviation of the residuals 
(Equation A5 and A6). The variance-covariance matrix of the residuals (Φ) is calculated with 
Equation A6, including the variance-covariance matrix of the rates (Ψ). The errors for the rates were 
assumed to be 10% (Equation A7). 
The biomass yield YX/S  is determined according to Equation A8. 
The specific growth rate µ can be calculated online using Equation A9 and yields for the formation of 
CO2 and consumption of O2 is calculated using Equation A10 and A11. 

𝐸𝑊 = 0 (A1) 
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𝐸𝑊 = 𝜀 (A4) 

h=𝜀்𝛷ିଵ𝜀 (A5) 

Φ = E୘ΨE (A6) 

Ψ = ⎝⎛
𝑒௚௟௬ 00 𝑒௙௢௥ 0       0 0       0

         0       0         0       0         𝑒ைଶ   0          0 𝑒஼ைଶ⎠⎞ = ቌ   0.1 0  0 0.1   0     0   0     0
         0       0         0       0       0.1     0         0   0.1ቍ (A7) 

𝑌௑/ௌ = ௥೉௥ೄ   (A8) 

 𝜇 = ௥೉௑∙ெ೉  (A9) 

 𝑌஼ைଶ/ௌ = ஼ாோ௥ೄ  (A10) 
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 𝑌ைଶ/ௌ = ை௎ோ௥ೄ  (A11) 

 

 


