
 

 

Figure S1. Microscopic images (100X magnification, scale bar 5 µm) of December 2021 (left) and February 2022 (right) samples. 

 



 

 

Figure S2. Microscopic images (100X magnification, scale bar 5 µm) of December 2021 (left) and February 2022 (right) samples. EPS production is 
highlighted by Alcian blue stain. 



Table S1. Concentrations of inorganic carbon (IC), total organic carbon (TOC) and total carbon (TC) in the WW on the 
first and last day of trial. 

Day of 
Experimentation December 2021 February 2022 

 

 IC (mg L−1) TOC (mg L−1) TC (mg L−1) IC (mg L−1) TOC (mg L−1) TC (mg L−1) 
0 19.52 7.28 26.8 32.5 4.4 36.9 

21 18.72 9.17 27.89 2.12 12.07 14.19 
 

 

Table S2. Removal of microalgae nutrients from different types of WW under various cultivation conditions in the winter season. Algal species, 
type of WW used, cultivation systems, nutrients concentrations, removal efficiency and cultivation conditions are listed. In each experiment, the 
cultures were exposed to different temperatures depending on the geographical position. 

Species Type of WW Cultivation system 
Nutrient concentration in WW 

(mg L−1) 
Nutrient removal efficiency (%) Cultivation conditions Ref. 

Scenedesmus sp. and 
Chlorella sp. 

Anaerobically digested 
abattoir effluent 

Raceway pond 
N-NH4+ 70-183 

P 17-34 

N-NH3+ 99.3 ± 0.33 

P 84.2 ± 1.9 

Semi-continuous cultivation 
to a total volume of 20 L from 
December 2019 to December 

2020 in east Australia. 

[128] 

Scenedesmus obliquus 
Secondarily pre-treated 

wastewater 
High-rate algal pond 

Total N 26.16 ± 1.90; 25.00 ± 1.80; 
24.92 ± 1.66; 25.68 ± 1.41 

Total P 1.77 ± 0.10; 2.23 ± 0.12; 2.10 
± 0.12; 2.03 ± 0.17 

Total N 55.7 ± 3.5; 65.6 ± 2.2; 62.1 ± 2.2; 
77.02 ± 3.5 

Total P 64.3 ± 5.9; 56.25 ± 6.1; 51.4 ± 4.0; 
63.2 ± 4.0 

Continuous cultivation 
starting on day 48 from 24th 
October 2011 to 29th March 

2012 in south Spain. 

[129] 



Scenedesmus obliquus 
Secondarily pre-treated 

wastewater 
Airlift tubular 

photobioreactor 

Total N 26.16 ± 1.90; 25.00 ± 1.80; 
24.92 ± 1.66; 25.68 ± 1.41 

Total P 1.77 ± 0.10; 2.23 ± 0.12; 2.10 
± 0.12; 2.03 ± 0.17 

Total N 86.8 ± 1.3; 91.4 ± 1.3; 85.5 ± 2.0; 
94.9 ± 2.9 

Total P 88.7 ± 3.9; 86.5 ± 3.9; 77.8 ± 3.03; 
94.0 ± 2.7 

Continuous cultivation 
starting on day 48 from 24th 
October 2011 to 29th March 

2012 in south Spain. 

[129] 

Co-culture of Chlorella sp. 
and Stigeoclonium sp., 

Nitzschia sp. and Navicula 
sp., bacteria, protozoa and 

small metazoans 

Agricultural runoff and 
partially treated domestic 

wastewater 

Tubular horizontal semi-
closed photobioreactor 
connected to two lateral 

open tanks 

N-NH4+ 3.6 ± 3.8 

N-NO3− 3.4 ± 2.0 

P-PO43− 0.65 ± 0.55 

N-NH4+ 21 

N-NO3− 69 

P-PO43− completely removed 

Semi-continuous cultivation, 
to a total volume of 11700 L 
from May 2017 to May 2018 

in Barcelona, Spain. 

[130] 

Spirogyra and Chlorella 
pyrenoidosa 

Sewage Open raceway pond 
N-NH4+ 16.0 ± 1.60 

N-NO3− 5.7 ± 0.56 

N-NH4+ 86 

N-NO3− 63-61 

Total volume of 350 L from 
January to April 2018 in 

Wuxi, China. 
[131] 

C. pyrenoidosa 

Secondary-treated effluent 
and pretreated anaerobic 

digestion of waste-activated 
sludge (ratios: 1.5:1; 3:1; 5:1) 

Rectangle photobioreactor 
N-NH4+ 196.72–294.47; 

120.37–152.71; 78.26–104.5 
— 

Batch cultivation to a total 
volume 160 L in an aeration 

system for 3 weeks in 
Shandong Province, China. 

[132] 

Scenedesmus sp. 
Primary domestic 

wastewater 
Outdoor raceways pond 

Total N 70 ± 6 

N-NH4+ 66 ± 5 

P-PO43− 9 ± 0 

Total N 79 ± 14 

N-NH4+ 98 ± 0 

P-PO43− 57 ± 12 

Semi-continuous cultivation, 
three raceway ponds with a 
total volume of 700, 800, 850 
L, whole year trial, Almería, 

Spain. 

[133] 

Chlorella sp., Scenedesmus 
sp. and pennate diatom 
isolated previously from 

ADPE 

Anaerobic digestate of 
piggery effluent (ADPE) 

Open raceway pond N-NH4+ 893.03 ± 17.00 N-NH4+ 25.97 ± 5.37  

Semi continuous cultivation 
to a final volume of 160 L 
from June to September in 

Australia. 

[134] 



Chlorella sp. with low level 
of Scenedesmus sp. 

Anaerobic digestate of 
piggery effluent 

Open raceway pond N-NH4+ 800 — 

Semi continuous cultivation 
to a total volume of 200 L 
from June to September in 

Australia. 

[135] 

Chlorella sp. 
Thickening stream of the 
urban WWT sludge line 

Outdoor cultivation tank 

N-NH4+ 30.22 ± 2.92; 33.00 ± 1.41 

N-NO3− 52.29 ± 3.4; 5.148 ± 0.209 

P-PO43− 12.52 ± 0.21; 11.17 ± 0.13   

N-NH4+ 31.66 ± 5.17; 91.43 ± 0.38 

N-NO3− 88.06 ± 3.73; — 

P-PO43− — ; 97.32 ± 0.63 

Batch mode cultivation, final 
volume 600 L in December 
2021 and February 2022 in 

Italy. 

Current 
study 
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