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Abstract: The use of microalgae for wastewater treatmentvshgreat potential. However,
optimization of this process is needed to makednemically more viable. A model-based
approach is a cost-effective and efficient way to this. Therefore, a microalgae model
developed for the speci€hlorella vulgaris is now further extended with the processes of
heterotrophic and mixotrophic growth
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Introduction

Microalgal based wastewater treatment is promigingiew of making this treatment more
sustainable. It omits the necessary aeration inatlivated sludge process [1]. Moreover,
microalgae are capable of storing N and P in tbelis, which leads to nutrient recovery and
avoids eutrophication of receiving water bodies. [Phe bottleneck, however, is that the
microalgae harvesting process is still expensivee 6f the reasons for this is the low biomass
concentration [3]. This is inherent to the procesge a highly concentrated microalgae
suspension will lead to self-shading. A possible/ waincrease the biomass concentration is
selecting microalgae that can grow both autotraglyic and heterotrophically (i.e.
mixotrophically), since the latter allows growthdan dark conditions. As such, in this research,
the growth of the microalgae spec@dorella vulgaris was measured for the first time under
autotrophic, heterotrophic and mixotrophic conditasing combined respirometry-titrimetry.
This data was then used to extend a previouslyloped microalgae model describing the
autotrophic growth of microalgae [4].

Material and Methods

An inoculum of the microalgae stra@@hlorella vulgaris was obtained from the Department of
Biology from KU Leuven, Belgium. Microalgae cultivan was performed batch-wiseina 2 L
bioreactor using a modified BG11 medium. To asdlssautotrophic, heterotrophic and
mixotrophic growth, a combined respirometric-titetric unit was used [4]. From the
respirometric profile, the specific oxygen prodanfconsumption rate could be derive@d4P

g O..g DWd?h). Analogously, from the titrimetric profile, thepecific proton/hydroxide
addition rate could be derived{P mole H. g DW.d"/Pon., mole OH. g DW.dY).

The parameters light, bicarbonate concentratior) @8 glucose concentration (OC) were
varied according to table 1.1. The light intensityall tests was 73 umol:As?, IC and OC
were set at two levels (IC: 75 mgtland 190 mg.tt; OC: 75 mg.* and 100 mg.1%). All 9
experiments were conducted in duplo with the cadamrce as limiting nutrient. Based on a
literature review, no tests were performed withamig carbon and inorganic carbon without
light, and with inorganic carbon without light. Beé& and after each test, the nutrients (i.esNO
N, NHs-N, PO-P and COD) and dry weight concentration were datexd according to
standard methods [5].



Table 1.1: Experimental setup

Light IC oC
Endogenousrespiration
Endogenousrespiration + light X
Autotrophic growth X X
Heterotrophic growth X
Heterotrophic growth + light* X X
Mixotrophic growth X X X

*only conducted with 75 mg glucosetL

Results and Conclusions

The results indicated a net oxygen production entteterotrophic test with the lights on (0.10
+ 0.02 g Q.g DW.d?). Since no IC was added during these tests, thigates that the
microalgae are capable of using the produced @@ng heterotrophic growth as an inorganic
carbon source for autotrophic growth. Furthermtire,oxygen consumption was significantly
larger during the heterotrophic tests than durimg tests with only endogenous respiration.
When comparing mixotrophic growth with autotropgrowth, no significant difference could
be observed in botho?and R+. However, the increase in dry weight during theatriophic
tests was higher than during the autotrophic téétseover, the ratio of increase in dry weight
during the mixotrophic tests to the sum of theéase in dry weight during the autotrophic tests
and heterotrophic tests was 1.6 for the test watlmg.L* HCOs and 75 mg.t* glucose, and
2.4 for the test with 190 mgiLHCOs; and 100 mg.1t glucose. This indicates a synergistic
effect during the mixotrophic growth which is dtited to the internal CZD. recirculation
[6]. This was supported by the titrimetric profil@e first part of the mixotrophic profile was
almost exactly the same as in the autotrophicuwdsth indicates an inhibition effect of HGO
on the heterotrophic growth (figure 1.1, left). #fi@rmore, in the second part of the mixotrophic
titrimetric profile, a reduced d&- was observed in comparison with the heterotropést,
indicating synergistic gas exchange (figure 1 ghj.
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Figure 1.1: Titrimetric profile of the autotrophtiests (-) and first part of the mixotrophic tet¥ (left); Titrimetric profile of
the heterotrophic tests (*) and second part ofthetrophic testsA) (right)

When modelling the heterotrophic growth, it wasrfduhat only 73% of the glucose was
consumed. This indicates that a part of the glueese stored inside the microalgae cell. As
such, it was necessary to incorporate internalaragiborage in the model. In order to model the
mixotrophic growth, an inhibition term for HGOwas implemented and Monod kinetics were
used in order to regulate the internal recircutatd CQ and Q. The final microalgae model
was able to predict all the observations, with Teénequality Values below 0.3 [4].
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