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S1. Effect of hydraulic retention time on P. renovo growth
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Figure S1. (A) Steady-state biomass concentration (gX L-1) and (B) areal biomass productivity (g m-2 d-1) for Picochlorum renovo irradiated with 300 µmol m-2 s-1 (black squares) and 800 µmol m-2 s-1 (red circles) and cultivated at different hydraulic retention time (days). 
Figure S1 shows biomass concentration measured at steady state and the related areal productivity when hydraulic retention time (HRT) was 0.75, 1.00, 2.00 and 3.00 days and at a light intensity of 300 µmol m-2 s-1  and 800 µmol m-2 s-1 in 3.5 cm width photobioreactors, chosen as the lowest standard flat panel light path used in our laboratory. Despite a remarkable amount of biomass was obtained at the highest HRT (> 2 gX L-1) at both incident irradiances, the most productive conditions resulted to be HRT=1 day, that was, accordingly, used for the following experiments. At 800 µmol m-2 s-1 the areal productivity at the selected HRT was 24% higher than that obtained at the lowest PFD tested. However, based on the photorespirometric results (Figure S2, Table S1), PFD values above 750 µmol m-2 s-1 should be considered saturating and may mask potential acclimation differences when increasing the PBR width. Conversely, PFD values below 250 µmol m-2 s-1 were considered strongly photo-limiting and may likewise obscure acclimation mechanisms at higher light paths (although results obtained in the 15 cm PBR at 150 µmol m-2 s-1 are reported in Figure S3). Therefore, 300 µmol m-2 s-1 was selected as the most appropriate incident light intensity to investigate pigment accumulation and biomass performance across PBRs with different thicknesses.


S2. Photorespirometric assay 
Figure S2 shows the results of the respirometric assay conducted with Picochlorum renovo at different light intensities (for details about the protocol followed as well as materials used see Borella et al. 2021). 
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Figure S2. Net Oxygen Production Rate (nOPR) normalized to biomass concentration (mgDO mgX-1 d-1) resulting from respirometric protocol assay of P. renovo at different incident light intensities (75, 150, 300, 600 and 2,000 µmol m-2 s-1). (A) experimental data of nOPR (B) calculated nOPR using Haldane equation and fitted parameters.
The Haldane model was used to represent the net oxygen production rate (nOPR)  in function of the incident light intensity (I0), using the equation: 
                                                                                (Eq. S1)
where, µmax represents the maximum growth rate (d-1), Ki the inhibition constant (µmol m-2 s-1) and IOPT the optimal light intensity (µmol m-2 s-1). The parameters of the Haldane equation were fitted using Excel solver and following an error minimization routine through:
                                                                                                         (Eq. S2)
The resulting parameters are listed in Table S2.

Table S1. Haldane’s equation parameters fitted using Excel solver.
	Parameter
	Denomination
	Fitted value

	µmax (d-1)
	Maximum specific growth rate
	4.02

	Ki (µmol m-2 s-1)
	Inhibition constant
	131.25

	IOPT  (µmol m-2 s-1)
	Optimal light intensity
	864.71


 
S3. Effect of light intensity on pigments content in high-width PBRs
To investigate the effect of different light intensity on pigments accumulation, Picochlorum renovo was cultivated in continuous (HRT=1 d) high-thickness photobioreactor (15 cm) at 150, 300, 600 and 800 µmol m-2 s-1 (Figure S3). 
[image: Immagine che contiene schermata, linea, Rettangolo, quadrato

Il contenuto generato dall'IA potrebbe non essere corretto.]
Figure S3. Chlorophyll and carotenoids (mg g-1) content in P. renovo cells cultivated in continuous mode in high-thickness PBRs at different incident light intensities. 
As described in section 3.2 of the manuscript, also in this case pigment content trend followed the light acclimation effect response, typical of microalgae in shaded conditions. Indeed, pigments were incremented when light intensity was progressively decreased. In particular, it is possible to observe at 150 µmol m-2 s-1 the highest value recorded in the experimental campaign (8.65% of biomass composed of pigments). This result finds confirmation of the great acclimation ability of Picochlorum belonging species. Comparable pigments content were found elsewhere (between 5 and 6.5% of DW) (Weissman et al. 2018; Cano et al. 2021).

S4. Determination of P. renovo absorption coefficient
The values of  were obtained by fitting the Lambert-Beer equation on experimental measurements (Borella et al. 2021). Measurements were carried out using several flat plate PBRs, characterized by different thickness w (respectively 1.5, 3.5, 7.5 and 15 cm), filled with a culture of P. renovo at two different concentrations (0.3 g L-1 and 0.4 g L-1). Then, for each reactor, incident and back light irradiance were measured with a spectrophotometer (STS-VIS Spectrometer by Ocean Insight), considering two different values of total incident light intensity, i.e. 300 and 500 mol m-2 s-1. The experimental conditions used are reported in Table S2.
Table S2. Experimental conditions used to acquire back light spectra to  fit the values of absorption coefficient according to Lambert-Beer law.
	Measure
	I0 (µmol m-2 s-1)
	w (cm)
	Cx (g m-3)
	Cx*w (g m-2)

	1
	300
	15
	400
	60

	2
	
	
	300
	45

	3
	
	7.5
	400
	30

	4
	
	
	300
	22.5

	5
	
	3.5
	400
	14

	6
	
	
	300
	10.5

	7
	
	1.5
	400
	6

	8
	
	
	300
	4.5

	9
	500
	15
	400
	60

	10
	
	
	300
	45

	11
	
	7.5
	400
	30

	12
	
	
	300
	22.5

	13
	
	3.5
	400
	14

	14
	
	
	300
	10.5

	15
	
	1.5
	400
	6

	16
	
	
	300
	4.5


Considering both incident (I0) and back (IBI) light irradiance measured and data reported in Table S2, absorption coefficient (referred to white LED lamp) was regressed according to the Lambert-Beer law:
  	(Eq. S3)
where ka represents the absorption coefficient (m-2 g-1), CX the biomass concentration (g m-3) and w the photobioreactor width (m). By plotting the natural logarithm of the ratio between incident and back light irradiance versus the product of photobioreactor width and biomass concentration, the absorption coefficient can be regressed as the slope of the straight line passing through the experimental point as showed in Figure S4.

Figure S4. Absorption coefficient fitting plot.
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