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Abstract — Microalgae have been suggested as a promising feedstock for producing biofuel because of their potential
of lipid production. In this study, a first principles ODE model for microalgae growth and neutral lipid synthesis pro-
posed by Surisetty et al. (2010) is investigated for the purpose of maximizing the rate of microalgae growth and the
amount of neutral lipid. The model has 6 states and 12 parameters and follows the assumption of Droop model which
explains the growth as a two-step phenomenon; the uptake of nutrients is first occurred in the cell, and then use of intra-
cellular nutrient to support cells growth. In this study, optimal input design using D-optimality criterion is performed to
compute the system input profile and sensitivity analysis is also performed to determine which parameters have a neg-
ligible effect on the model predictions. Furthermore, model predictive control based on successive linearization is imple-
mented to maximize the amount of neutral lipid contents.
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Table 1. Microalgal bioreactor model
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Table 2. Nominal parameter values and known quantities

Parameters
Parameter Name Value  Unit
W,  Maximum growth rate 0.15 1/h
q,  Minimum cell quota for supporting growth 0.027 g/g
K,  Half saturation constant of nitrogen quota 0.5 g/g
P,  Maximum uptake rate 0.08 1/
K,  Half saturation constant of glucose for growth 0.014  g/ml
S, Threshold substrate concentration 1.8e-5 g/ml
1/Y,, Inverse of biomass to substrate yield 1.8
k,  Maintenance constant 0
17Y,,  Inverse of product to substrate yield 2.5
m,  Maximum oil production rate 0.05 1/
K,  Half saturation constant for oil production 0.01 g/ml
1/Y,, Inverse of biomass to substrate quota yield 0.03
Known quantities
S Nitrogen source concentration ininlet feed 1~ 0.01  g/ml
Ss Carbon source concentration in inlet feed 2 02 gml
€ Perturbation factor 0.001
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Fig. 1. Designed optimal input signals. ((a) flow rate of nitrogen rich feed; (b) flow rate of carbon rich feed).
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Table 3. Results of global sensitivity analysis
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