Experimental Determination of Radiation
Characteristics of Nannochloropsis oculata
During Nitrogen Starvation
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Abstract: The marine microalgae Nannochloropsis oculata is known to accumulate lipids, mainly in the form of triglycerides making them an
attractive species for renewable biodiesel production. Lipid productivity can be increased by nitrogen starvation of cells causing them to
progressively decrease their replication rate in favor of accumulating lipids (up to 70% in dry weight). In addition to nitrogen starvation, recent
studies have shown light availability in photobioreactors (PBR) and light received per cell to be important factors in the lipid productivity of the
microalgae. These depend on the incident photon flux density, microalgae cell concentration, and the radiation characteristics of the microalgae.
The latter complicates the optimization of the lipid production protocols as nitrogen deprivation also causes the cells to progressively decrease
their pigmentation thus changing their radiation characteristics. These effects were quantified by the progressive changes in the average cell
absorption and scattering cross-sections caused by modifications in specific chlorophyll and carotenoid concentrations, and cell size distribution.
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Nitrogen starvation in Nannochloropsis oculata leads to large percentage of lipid accumulation?3# in form
of triglycerides (TAG) ideal for biodiesel production’
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» To optimize lipid production and design large scale PBRs we need to perform radiative analysis inside the Lol 56% total lipids 5t Ll
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PBR requiring accurate quantitative measurements of the optical and radiation properties of the

microalgae!.
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= Dramatic variations in radiation properties during nitrogen starvation
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= Specific pigment concentration decreases.

Pigment concentration (kg/m3)

i L Fig. 3: A 1L airlift reactor used
= (Carotenoid to chlorophyll a ratio increases. to cultivate N.oculata showing
light attenuation inside the PBR
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= Microalgae size increases with lipid accumulation
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» Changes in radiation characteristics that need to be quantified
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»> Absorption and scattering cross-sections
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Fig. 2: Microscope image of N.oculata
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Fig. 1: An illustration of the difference in pigmentation and absorption of during the later stages of progressive <. N v& <
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Capabilities of the sgtup _ _ B Optical path to detector . . . .. .. . .
(1) Low signal detection using lock-in amplifier. .0 * This work accurately characterized the evolution of radiation characteristics of N.oculata during progressive
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