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Dear Colleagues, 
 
 

The   RENUWAL network (320RT0005 - RED    IBEROAMERICANA    PARA    EL 
TRATAMIENTO DE EFLUENTES CON MICROALGAS) is a thematic network focused 
on effluents treatment with microalgae. Microalgae can be used to recover the nutrients 
contained in various effluents, thus improving the sustainability of many processes. To 
achieve efficient processes, it is necessary to evaluate each application in detail based 
on the effluents to be processed. Depending on the process, the algal biomass obtained 
may be of interest for its application in different sectors and final products with extra 
added value, i.e., pharmaceutical, cosmetic, agri-food-livestock-aquaculture, 
environmental, chemical, or even energy. 

 
 
 
 

This network was granted in the 2019 CYTED call (Ibero-American Program for 
Science and Technology for Development; https://www. cyted.org/es/cyted) to start in 
2020 and until the end of 2024. The RENUWAL network is formed by several research 
groups belonging to ten different Ibero-American countries and seven companies 
working with microalgae (https://www.cyted.org/es/renuwal). 

 
 
 
 

We have gathered all the abstracts from the III RENUWAL Meeting celebrated on the 
2nd and 3rd of June 2022 into this digital book. In this meeting, several videos were held 
presenting an article representative of the group. A round table was held where the 
groups shared their research, opening a framework to cooperate. More information 
about the network activities can be found on the web page and on social networks. 

 
 
 
 

http://www.cyted.org/renuwal 
https://www.instagram.com/renuwalcyted/ 
https://www.facebook.com/Red-Renuwal-Cyted-108000924395230 
https://www.youtube.com/channel/UCngLLozh_LLgZP7J_fLUW9A 
https://www.researchgate.net/profile/Renuwal-Cyted-2 
https://www.linkedin.com/in/renuwal-cyted-9081b2205/ 

Web Page 
Instagram 
Facebook 
Youtube 
ResearchGate 
LinkedIn 

http://www/
https://www.cyted.org/es/renuwal
http://www.cyted.org/renuwal
https://www.instagram.com/renuwalcyted/
https://www.facebook.com/Red-Renuwal-Cyted-108000924395230
https://www.youtube.com/channel/UCngLLozh_LLgZP7J_fLUW9A
https://www.researchgate.net/profile/Renuwal-Cyted-2
https://www.linkedin.com/in/renuwal-cyted-9081b2205/
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Antofagasta Bioinnovation Center, University of Antofagasta, Chile 

Country: Chile 

Contact: Claudia Sepúlveda Vega. Claudia.sepulveda@uantof.cl. Loreto Cavieres 
Sena.Loreto.cavieres@uantof.cl 

 
Research Topics: 

 
Wastewater treatment and reclamation, pilot-scale microalgae production, bioactive 
compounds, irrigation water 

 
Article: 

 
Cavieres, L, Bazaes J, Marticorena P, et al. Pilot-scale phycoremediation using 
Muriellopsis sp. for wastewater reclamation in the Atacama Desert: microalgae biomass 
production and pigment recovery. Water Science Technol. 2021;83(2):331–343. 
doi:10.2166/wst.2020.576 

 
Introduction 

 
By the year 2050, safe water supply and sanitation services will face unprecedented 
challenges; however, water problems represent a global concern with local solutions. 
The treatment of wastewater through algal intervention is known as phycoremediation 
and has been studied for over 60 years. It has proven to be an efficient technique for 
algal growth, as well as for value-added product development (Hu et al. 2018). Some 
advantages over traditional wastewater treatments include high levels of nitrogen and 
phosphorus recovery from effluents and solid wastes (Cuellar-Bermudez et al. 2017) 
with low energy consumption, zero carbon footprint, and without utilizing chemicals 
for sludge formation. It is also an alternative process for microalgae production that 
reduces the environmental impact compared to systems that use freshwater and 
fertilizer (Agüera et al. 2020). The Atacama Desert coastal area has excellent conditions 
to carry out phycoremediation and microalgae production due to land availability, 
moderate temperature, and high solar radiation. Under such conditions, municipal 
wastewater phycoremediation could reduce local water withdrawal for irrigation 
purposes. This study aimed to evaluate the effectiveness of different microalgae 
commonly used for the removal of nutrients from local Primary Treatment Wastewater 
(PTWW). Additionally, the technology was scaled up to pilot-size RW 
photobioreactors, using the most efficient strain to meet irrigation water quality 
standards, as well as to characterize the resulting biomass to search for high-value 
products such as pigments. 

 
Results 

 
Wastewater treatment using Muriellopsis sp. eliminated 84% of nitrogen, 93% of 
phosphorus and other chemical compounds after 4 days, complying with most of the 

mailto:Claudia.sepulveda@uantof.cl
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parameters required by the Chilean standard for irrigation water -NCh. 1333. The fecal 
coliform count was reduced by 99.9%. In addition, biomass productivity reached a 
value of 104.25 mg L-1 day-1, with 51% protein, 0.6% content of carotenoid pigments and 
0.3% lutein. 

 
Conclusions 

 
The aforementioned results indicate that wastewater phycoremediation using 
Muriellopsis sp., has great potential for the recovery of water on an industrial scale with 
irrigation quality and carotenoid production, contributing to a water use model based 
on circular economy and adapted for wastewater from the Atacama Desert. 
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Biotechnology Research Team 

Country: Colombia 

Contact: Dr. Lucía Atehortúa, Ph.D., Director Biotechnology Research Lab. 
latehor@gmail.com or lucia.atehortua@udea.edu.co. Universidad de Antioquia, A.A. 
1226 Medellín-Colombia, Phone: 057604 2196494; cell phone: 323 3670765. 

Research topics: Bioeconomy & Biorefinery for the development of Biobased products 

Research Lines: 

● Plant Micropropagation 
● Plant Stem Cells Culture Bioprocess & Products 
● Microalgae Bioprocess & Products 
● Fungal Bioprocess & Products 

The University of Antioquia (UdeA), founded in 1803, is Colombia’s oldest public 
higher education institution and remains the second largest one in the country, with 
over 26.356 undergraduate students, 4.121 graduate students, 25 academic units, 72 
undergraduate programs, 66 master programs, 46 medical degrees, 25 doctoral 
programs and 11 campuses covering all zones of the state of Antioquia, 1.515 full-time 
professors, 530 part-time professors. Its main campus is located in the scientific and 
technological district of Medellin, the capital city of the Department of Antioquia, 
which is recognized as a model for its culture, education, and urban development in 
Latin America. It is carried out using interactive methods and programs with different 
sectors and social groups, expressed in artistic, scientific, technical, and technological 
activities, besides consultancy, advisory, and auditing. The University integrates the 
different cultural productions, turning society needs into a teaching and research topic; 
society, in return, takes part in the university production and benefits from it. 

Article 

Giraldo ND, Correa SM, Arbeláez A, Figueroa FL, Ríos-Estepa R, Atehortúa L. 
Metabolic response of Botryococcus braunii to high bicarbonate dosages and other 
conditions: analysis of photosynthetic performance, productivity, and lipidomic 
profile. J Appl Phycol. 2021;33(5):2875- 2896. doi:10.1007/s10811-021-02544-7 

Introduction 

Fossil fuels are the basis of the energy and production infrastructure on the planet; 
however, these are finite resources whose processing, use, and depletion represent 
environmental and social concerns currently of global interest. Consequently, 
developing technologies to use renewable sources as fuel (i.e., feedstocks) is a key step 
in transitioning from the oil-based model to a more diverse and environmentally 
responsible one. 

Results 

mailto:latehor@gmail.com
mailto:lucia.atehortua@udea.edu.co
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Bicarbonate was found to be an advantageous carbon source since high dosages caused 
a significant increase in biomass and lipid productivity, in addition to an enhanced 
photosynthetic quantum yield and neutral lipids abundance. This contrasts with the 
commonly used approach of microalgae nutrient limitation, which leads to high lipid 
accumulation at the expense of impaired cellular growth, causing a decline in overall 
lipid productivity. The lipidome analysis hypothesized about the influence of the 
nutritional context on B. braunii structural and storage lipid metabolism, besides the 
adaptive responses exhibited by cells that underwent nutrient stress. 

 

 

 
Figure 1. Culture parameters of Botryococcus braunii LB 572 were measured at 6 and 12 days of 
incubation under different conditions. (a) Biomass concentration is expressed as dry weight. (b) 
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Total lipid content. (c) Total lipid productivity. (d) Intracellular carbohydrates content. (e) 
Extracellular carbohydrates to biomass ratio. (f) Chlorophyll a content. (g) Percentage of 
consumed nitrate. (h) Percentage of consumed phosphate. (i) Maximum quantum yield of PSII 
photochemistry. (j, k) Rapid light curves constructed at D6 and D12, respectively, for the 
relative electron transport rate (rETR) expressed in µmol electrons m−2 s−1 versus irradiance of 
photosynthetic active radiation (PAR) expressed as µmol photons m−2 s−1. Data shown are means 
±SD from three independent replicates. 

 

 
Conclusions 

Botryococcus braunii displayed differential responses to diverse nutrient scenarios, 
especially concerning carbon distribution and overall productivity. Our results 
revealed that biomass and lipid productivity could be substantially boosted under high 
inorganic carbon dosages due to the enhanced photosynthetic rates. Accordingly, there 
might be a place for further productivity improvements via optimization of light 
configuration by on-demand irradiance tuning. Moreover, the lipidomic analysis 
showed that the plasticity of lipid metabolism upon diverse nutritional contexts makes 
nutrient tinkering another way to induce desirable biochemical traits (i.e., enrichment 
of neutral lipid fraction), to improve biomass suitability for further bioenergy 
valorization. 
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Biotecnología Ambiental 

Country: Argentina 

Contact: Marconi, Patricia Laura. marconi.patricialaura@maimonides.edu 

Research topics: 
 

Bioprocesses with microalgae and plants for bioremediation; recombinant protein 
production on plant platforms; plant micropropagation, plant-microorganism 
interaction, green biosynthesis of nanoparticles, plant biostimulation. 

 

Maimónides University: a private university where numerous undergraduate, 
postgraduate, and doctorate careers are taken. It hosts multiple research institutes, 
among which the CEBBAD and the Fund Azara stand out. 

 

UBA: the largest educational institution in the country and one of the most important 
in Latin America. Free university of academic excellence, it has 13 faculties, more than 
100 undergraduate careers, 500 postgraduate careers, and hosts numerous research 
institutes, including IQUIFIB. 

 

Articles: 

Marconi PL, Trentini, A, Zawoznik M, et al. Development and testing a 3D-printable 
polylactic acid device to optimize a water bioremediation process. AMB Express 
2020;10: 1-9. doi:10.1186/s13568-020-01081-9. 

Estrategias de remediación para las cuencas de dos ríos urbanos de llanura: Matanza-
Riachuelo y Reconquista. Eds. Cabo L y Marconi PL. Ed. Fundación Azara. ISBN 978-
987-3781-74-2. 

Introduction 

Our work focuses on the cultivation of Chlorella vulgaris strain LMPA-40. To date, we 
are working on three lines of research: 1-Assays of directed evolution; 2- a 
bioremediation platform based on a vertical flow wetland coupled to a C. vulgaris 
culture (technological objective); 3- to study the possibility of using the algal biomass 
produced in bioprocesses as biostimulant and/or composting generator based on the 
concept of the circular economy. 

Directed evolution assays: Obtaining new strains of C. vulgaris adapted to the polluted 
conditions could optimize bioremediation processes. Directed evolution is a simple 
and cheap breeding method that consists of growing microorganisms under stress 
conditions for long periods to produce DNA mutations, leading to the rapid evolution 
of a strain with relevant characteristics for those environmental conditions. This   

mailto:marconi.patricialaura@maimonides.edu
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methodology could improve growth and bioremediation by microalgae in 
contaminated environments. 

 
 

Results 

1. The effect of different stressors (H2O2, Phenol, CuSO4, and irradiation) was 
evaluated by means of growth analysis (determining DO680) during one week in 
culture in Cildáñez stream water. The concentrations evaluated for H2O2, Phenol, 
CuSO4, and irradiation caused a progressive decrease in growth inversely proportional 
to the concentration used. Three populations were isolated and identified from each 
selected concentration for each treatment. The isolated strains were kept for 110 days 
for H2O2, Phenol, and CuSO4 treatments and 60 days for irradiation. 
2. Several VFWs have been built with different native marshy species 
Schoenoplectus californicus (rush), and Cyperus giganteus, among others. The filtered 
water was used as a nutrient solution for algae immobilized in an alginate matrix 
inside a 3D-PLA structure located in geocells. The removal of the nutrients analyzed 
was higher than 98%. We also observed an interaction of Chlorella with other 
microorganisms that can improve algal growth and optimize the bioremediation 
process. 
3. The addition of fresh extracts of C. vulgaris to onion and tobacco seeds in “in 
vitro” assays seem to increase the rates of germination and shoot growth compared to 
the IAA treatment. Geno and cytotoxicity assays showed a significant decrease in the 
toxicity of polluted water on onion root tips. Germinator assays showed that the 
addition of C. vulgaris extracts increase the shoot growth of wheat seedlings. However, 
no significant differences were observed for onion seeds. 

 
Conclusions 

1. Analysis to differentiate the populations obtained from the original strain, 
LMPA-40, using molecular techniques (RAPDs), are currently being completed. 
Vertical flow wetland coupled to a C. vulgaris culture: Streams in urban centers, such as 
Cildañez, suffer from anthropic pollution with a high load of nutrients that must be 
controlled by sustainable technologies with minimal inputs and infrastructure. For this, 
a bioremediation platform combining vertical flow wetlands (VFW) with marshy 
plants followed by geocells with algae to optimize the clarification and bioremediation 
processes is proposed. 
2. VFWs enable water clarification and, in addition, bioremediation with C. 
vulgaris immobilized in an alginate matrix inside 3D-PLA structures turned out to be 
an effective alternative to remove nutrients. Assays are currently being repeated. 
Revalorization of algal biomass for biostimulation or composting: Some metabolites 
and growth regulators can induce heterologously plant growth. This property is called 
biostimulation and can be used to increase plant growth and yield. A very common 
biostimulant is indole-3-acetic acid (IAA), an auxin-type plant hormone. In this work 
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the auxin-like effect of microalgal biomass is evaluated, comparing the results with 
IAA treatments both in vivo and in vitro. 
3. The biostimulant and contamination-protective effect of C. vulgaris extracts has 
been demonstrated for wheat seeds grown in germinators and tobacco and onion seeds 
in “in vitro” assays. These experiments need to be repeated to corroborate the results. 
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Department of Chemical Engineering, University of Almería and CIESOL Solar 
Energy Research Center, Joint Center, University of Almería-CIEMAT. 

 
Country: Spain 

 
Contact: Dra Martina Ciardi. martina.ciardi@studio.unibo.it 

 
Research topics: recovery and use of agro-industrial waste and wastewater through 
microalgae biotechnology. Development of bioprocesses based on microalgae on a pilot 
and demonstrative scale, in collaboration with different organizations and companies, 
both national and international. 

 
Article: 

 
Ciardi M, Gomez-Serrano C, Lafarga T, et al. Pilot-scale annual production of 
Scenedesmus almeriensis using diluted pig slurry as the nutrient source: Reduction of 
water losses in thin-layer cascade reactors. J Clean Prod. 2022;359:132076. 
doi.org/10.1016/j.jclepro.2022.132076 

 
Introduction 

 
The microalga Scenedesmus almeriensis was produced using diluted pig slurry as the 
sole nutrient source during one year using a 30 m2 thin-layer cascade photobioreactor 
located outdoors. Evaporation contributes significantly to the water requirements of 
microalgae production; approximately 1000 L of water are required to produce 1 
kg of microalgal biomass. The aim of this study was to assess the potential of plastic 
covers to avoid or minimize water evaporation in open photobioreactors. 

 
Results 

 
The N–NH + concentrations at the inlets ranged from 40 to 100 mg L-1, depending on 
the experimental run. These values could not be increased because of the dark colour 
and turbidity of the pig slurry. The biomass productivity of the system was 17.6, 
18.8, 23.4, and 17.3 g m-2 day-1 in winter, spring, summer, and autumn, 
respectively. Covering the reactors led to a decrease in biomass productivity that 
ranged from 8.5 to 16.9% depending on the season. However, water evaporation was 
reduced by 24.9 – 42.0% depending on the season. In summer, covering the reactors 
reduced the amount of water evaporated from 6.3 to 3.6 L m-2 day-1. In a theoretical 1 ha 
production facility, this would represent 2700 L of water saved per day. 

 
Conclusions 

 
Overall, the processing of pig slurry using microalgae is challenging because of 
their variable nutrient concentration, color and turbidity. Covering the reactors with 
inexpensive commercial plastics could significantly reduce the water requirements of 
the system. 

mailto:martina.ciardi@studio.unibo.it
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Ficotecnología Ambiental - Environmental Phycotechnology 

Country: Spain 

Contact: José A. Perales. joseantonio.perales@uca.es. Departamento de Tecnologías del 
Medio Ambiente, Instituto de Investigación Marina (INMAR), Campus Universitario 
de Puerto Real, Universidad de Cádiz, Puerto Real, 11510, Cádiz (España). 

Research topics: 

The Environmental Phycotechnology line of the University of Cádiz integrates the 
knowledge of cultivation and scaling of microalgae and cyanobacteria with the design, 
construction and operation of reactors, and all this, to apply the concept of circular 
bioeconomy in solving environmental problems e.g. the recycling of nutrients into 
valuable biomass (downstream), the improvement of the water footprint and the 
reduction of the carbon footprint of wastewater treatment. The researchers involved in 
this line of research teach on the following degrees: Oenology, Biotechnology, 
Chemical Engineering, Marine Sciences, Environmental Sciences, Master's Degree in 
Biotechnology and Interuniversity Master's Degree in Chemical Engineering 
(microalgae biotechnology subjects), Master's Degree in Integrated Water Management 
(sizing of water treatment units), among others. 

Article: 

Villar-Navarro E, Garrido-Pérez C, Perales JA. The potential of different marine 
microalgae species to recycle nutrients from recirculating aquaculture systems (RAS) 
fish farms and produce feed additives. Algal Res. 2021;102389. 
doi:10.1016/j.algal.2021.102389 

Introduction 

The rapid expansion of aquaculture presents two main challenges: the discharge of 
pollutants and the sustainable use of fishery resources to produce fish feed. Therefore, 
this study aims, using an aquaculture stream as a culture medium, to select optimal 
microalgae species to produce valuable biomass and treat the marine stream through a 
multi-criteria decision system. This system includes the following parameters: biomass 
productivity, nutrient removal kinetics, nutritional requirements and biomass 
composition (proximate analysis, fatty acids, amino acids). For this purpose, 18 L 
reactors were used under batch and semi-continuous operation with the following 
microalgae species: Nannochloropsis gaditana, Pavlova lutheri, Tetraselmis chuii, Isochrysis 
galbana, Phaeodactylum tricornutum and Chaetoceros gracilis. A microalgae bloom, 
obtained from a marine aquaculture stream, was also studied. 

Results 

In the case of the addition of micronutrients in batch operation (vitamins, trace metals 
or silicates) it was observed that, in all cases, the single addition of metals doubled 
productivity compared to experiments in which no micronutrients were added. The 

mailto:joseantonio.perales@uca.es
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semi-continuous operation highlighted the importance of adding, in addition to trace 
metals, vitamins for the microalgae N. gaditana, P. lutheri, I. galbana, C. gracilis and 
bloom. Diatoms had no silicate requirements. The highest productivity in batch and 
semi-continuous was obtained with T. chuii (67 and 70.6 mg L d-1). The lowest 
productivity in batch was obtained using C. gracilis (7 mg L d-1) and N. gaditana, P 
.lutheri and C. gracilis (9.3 - 10.2 mg L d-1) under semi-continuous operation. 

Regarding nutrient removal, a sequential consumption of nitrogen species was 
observed during batch operation, with ammonium being the fastest consumed species, 
followed by nitrate and nitrite. The rate of total dissolved nitrogen (TDN) consumption 
was found to be between 8.70 (T. chuii) and 0.15 mg L-1 d-1 (C. gracilis). In semi-
continuous, the effluent with the lowest NTD and TDP concentration was obtained 
with T. chuii (TDN = 0.8 mg L-1; TDP =0.01 mg L-1), with a TDN consumption rate of 
12.6 mg L-1 d-1. C. gracilis was again the species with the lowest TDN consumption rate 
(1.25 mg L-1 d-1). 

I. galbana was the microalga with the highest protein content (36.4 %), followed by P. 
tricornutum (28.6 %). In the case of lipids, the biomass with the highest concentration 
was obtained with N. gaditana (29.7 %). In all cases, higher protein concentration was 
obtained under semi-continuous operation and higher lipid concentration under batch 
operation. Since the objective is to replace fish meal and fish oil with microalgae 
biomass, the fatty acid profile was compared with that of fish oil and the amino acid 
profile with that of fish meal. C. gracilis was the microalgae with a fatty acid profile 
most like that of fish oil. N. gaditana and bloom were the microalgae with the best 
PUFA profile. In the case of the amino acid profile, all the microalgae had a similar 
profile. 

Overall, the highest score was obtained using I. galbana (5.68), followed by T. chuii 
(5.31). In addition, a second ranking was made depending on the objective of the 
microalgae culture: T. chuii was the microalgae species that scored best in relation to 
stream treatment due to its high nitrogen and phosphorus removal kinetics. I. galbana 
is the highest scoring species in relation to biomass quality due to lipid and protein 
concentration and quality. 

Conclusions 

When aquaculture effluents are combined with microalgae biotechnology, the 
micronutrient requirements depend on the species and the operation of the reactor. The 
addition of trace metals allows to double the biomass productivity. Phosphorus 
removal reached almost 100% efficiency for all microalgae. Nitrogen removal varied 
according to species and operating condition, ranging from 54 to 94% in batch and 36 to 
94% in semi-continuous. Although significant differences in protein and lipid 
composition were observed between species and operating conditions, protein quality 
and lipid quality were homogeneous. Finally, a scoring matrix was developed in 
which I. galbana and T. chuii were the highest scoring microalgae for biomass 
production and for treatment of aquaculture streams, respectively. 



14 
 

GreenCoLAB 

Country: Portugal 

Contact: Luisa Gouveia. luisa.gouveia@lneg.pt 

Research topics: 

Microalgae biotechnology, microalgae strain improvement, wastewater treatment, 
enhanced microalgae cultivation, microalgae biomass harvesting, tackled culture 
contaminants, food, feed, biofertilizers /stimulants /pesticides, biofuels, biorefinery, 
Technological Economical Assessment, and Life Cycle Assessment. 

 
Article: 

 
Ferreira A, Ribeiro B, Figueiredo D, Bastos CRV, Ferreira AF, Tavares LAM, Vladic J, 
Vidovic S, Cvetkovic D, Melkonyan L, Avetisova G, Goginyan V, Gouveia L, 
Scenedesmus obliquus microalga-based biorefinery - from brewery effluent to bioactive 
compounds, biofuels, and biofertilizers – aiming a circular bioeconomy. Biofuels Bioprod 
Biorefin (Biofpr). 2021;13:1169. doi: 10.1002/bbb.2032 

 
Graphical Abstract: 

 
 

 
 

Introduction 
Current technical and economical limitations of conventional wastewater (WW) 
treatment have triggered the search for sustainable and cost-effective alternatives. The 
integration of microalgae into wastewater treatment has been receiving increased 
interest from science and industry, not only for the environmental benefits but also 
due to the need to reduce microalgae production costs. Bacteria-microalgae systems 
can perform wastewater bioremediation due to the potential of microalgae to supply 
oxygen, through photosynthesis, to the degradative bacteria. The bacteria, in turn, 

mailto:luisa.gouveia@lneg.pt
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2 

2 

degrade organic load and ammonia. In addition, microalgae can assimilate 
phosphorus and nitrogen into their biomass, allowing the recovery of nutrients. This 
process generates valuable biomass that can be further used as biofertilizers, 
bioplastics, animal feed, and feedstock for biofuel production. Moreover, the 
microalgal biomass is usually rich in high-value compounds, which can be recovered 
by subcritical water extraction to obtain functional products. 

 
Results 

This work comprises the application of microalga Scenedesmus obliquus to treat an 
industrial from beer production wastewater (BWW). The achieved removal 
efficiencies were around 30 % for phosphorus, 61 % for COD, and above 90% for 
nitrogen. To further take advantage of this process, the microalgae biomass was 
submitted to subcritical water extraction to recover high-value compounds such as 
phenolic compounds: phenols (0.249-1.016 mg Gallic acid equivalent mL-1) and 
flavonoids (0.05 - 0.167 mg Catechin equivalent mL-1). Moreover, the subcritical 
conditions allowed the destruction of pathogens commonly present in wastewater-
based biomass, which is an important advantage for its future use and marketing. 

 
In addition, the production of biofuels through biochemical (biohydrogen by dark 
fermentation) and thermochemical (pyrolysis and gasification) conversion 
technologies were done. The biohydrogen yield was 67 mL H g-1 (Volatile Solids) for 
BWW but was significantly higher for Swine WW, achieving 390 mL H2/g (Volatile 
Solids). Both yields are higher than the ones grown in synthetic medium (57 mL H g-1 
(Volatile Solids)). The thermochemical route achieved bio-oil yields of higher than 60 
% in pyrolysis experiments (with 18 and 30 % of biochar, respectively for SWW and 
BWW); for gasification experiments, the yields were around 60 % of syngas. In 
addition, the microalga was applied to plant germination and growth as a 
biofertilizer, which enhanced seed germination and plant growth (number, length, 
and leaves). 

 
Conclusions 

 
This approach is extremely important to improve the sustainability and profitability 
of low-cost microalgae production and wastewater treatment, contributing positively 
to the bio-economy and developing societies. 

 
This innovative biorefinery could be an interesting example of how to reduce 
microalgal biomass production costs, providing treatment to brewery effluents with 
the generation of valuable biomass for several different applications (biofuels, 
bioactive compounds, and biofertilizers/soil conditioners), which could offer 
economic and environmental benefits to the brewery industry, and the treated water 
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being in conformity with legislation, and contributing to a real circular economy. 
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GreenCoLAB 

Country: Portugal 

Contact: Luisa Gouveia. luisa.gouveia@lneg.pt 

Research topics: 
Microalgae biotechnology, microalgae strain improvement, wastewater treatment, 
enhanced microalgae cultivation, microalgae biomass harvesting, tackled culture 
contaminants, food, feed, biofertilizers /stimulants /pesticides, biofuels, biorefinery, 
Technological Economical Assessment, and Life Cycle Assessment. 

 
Article: 
Ferreira A, Marques PASS, Ribeiro B, Assemany P, Mendonça HV, Reis A, Barata A, 
Oliveira C, Reis A, Pinheiro HM, Gouveia L, Combining biotechnology with circular 
bioeconomy: From poultry, swine, cattle, brewery, dairy and urban wastewaters to 
biohydrogen. Environ Res. 2018;164:32-38. doi:10.1016/j.envres.2018.02.007. 

 
Introduction 
Wastewater management is an increasing concern worldwide due to the growing 
population and industrialization. The uncontrolled discharge of domestic and 
industrial wastewaters into the environment results in severe pollution problems, 
making wastewater treatment a mandatory process. Any industries produces a huge 
amount of wastewater in its processes, namely the food processing industry. In 
particular, the effluents derived from the dairy and brewery sectors are rich in organic 
compounds, such as proteins, as well as phosphates, ammonia, and/or nitrate. 
Slaughterhouses generate large volumes of wastewaters, characterized by high 
organic (e.g., residual blood, skin, fat, manure, etc.) and nutrient loads. These 
industries are intense water consumption activities, generating large volumes of 
wastewaters and containing high loads of organics and nutrients that need to be 
removed before they can be discharged into the environment. Due to their 
characteristics, these industrial wastes are a suitable cultivation medium for 
mixotrophic microalgae, with carbon/nitrogen (C/N) and nitrogen/phosphorus (N/P) 
ratios favorable for microalgae growth. 

 
Besides, microalgae are attractive feedstocks for dark fermentation since they can 
uptake solar energy and CO2 and convert them into storage chemicals such as starch, 
a fermentable substrate for bio-H2 production. Their cell walls are rich in cellulose but 
normally lack hemicellulose and lignin, which facilitates the breakdown of the 
biomass into fermentable sugars, allowing milder pre-treatment processes. In 
addition, there is the possibility of extracting high-value co-products from the 
biomass before fermentation (e.g., pigments, amino acids, or proteins), helping with 
the economic feasibility of this biofuel production. This process is even more 
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attractive when the microalgae biomass can be produced using wastewaters, 
constituting a potentially win-win process integrating effluent treatment and energy 
production. 

 
Results 
In this study, Scenedesmus obliquus was able to remove nutrients from different 
wastewaters (poultry, swine and cattle breeding, brewery, and dairy industries, and 
urban) with removal ranges of 95–100% for nitrogen, 63–99% for phosphorus and 48–
70% for chemical oxygen demand (Fig 1.) 

 

Figure 1. Maximum removal efficiency of pollution leads (N, P and COD) from different 
wastewaters used as culture media for Scenedesmus obliquus. n.d.- not determined. 

 
The biomass productivity using wastewaters was higher (except for poultry) than in 
synthetic medium (Bristol), the highest value being obtained in brewery wastewater. 
The produced biomass contained 31–53% of proteins, 12–36% of sugars, and 8–23% of 
lipids, regardless of the type of wastewater. All the H2 production yields were higher 
than the control (synthetic Bristol medium) (except for cattle and urban WW), the 
swine and poultry WW values being 7-fold and 6.8-fold higher, respectively (Figure 
below). 

 

Figure 2. Hydrogen production yield and gas purity values obtained from the 
fermentation of dried Scenedesmus obliquus biomass, grown in different wastewaters 
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Conclusions 

This study undoubtedly demonstrated the capacity of Scenedesmus obliquus to 
efficiently remove most of the pollution load present in the various wastewaters 
(poultry, swine and cattle breeding, brewery and dairy industries, and urban). In 
addition, the potential of S. obliquus biomass as feedstock for hydrogen production by 
dark fermentation was proved, particularly if it is grown in wastewaters and 
represents obvious environmental and economic advantages. This microalgae-based 
system opens the possibility of wastewater treatment with reduced costs and 
environmental impacts, improving the sustainability and profitability of the process, 
and could be one of the best strategies for the future of bioenergy production and 
circular bioeconomy. 
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Ingeniería Metabólica - Universidad Complutense de Madrid (Metabolic 
Engineering, UCM) 

Country: Spain 

Contact: Juana María Navarro Llorens. joana@bio.ucm.es 

Research topics: 

The group is currently working on the development of genetic manipulation tools for 
cyanobacteria (CRISPR/Cas, plasmid construction, transformation, and expression 
techniques). Another line of research is the isolation and characterization of 
extremophile cyanobacteria and wastewater for biotechnological use. 

Teaching related to the Department of Biochemistry and Molecular Biology is given in 
the Faculties of Biology and Biochemistry at UCM. The subjects include Fundamentals 
of Genetic Engineering (Bachelor's Degree in Biology), Genetic Engineering (Bachelor's 
Degree in Biochemistry), Metabolic Engineering and Systems Biology (Master's Degree 
in Biotechnology), Cultures and transgenics (Bachelor's Degree in Biology), Integrated 
Laboratory of Biochemistry (Bachelor's Degree of Biochemistry). 

Article: 

Baldanta S, Guevara G and Navarro-Llorens JM. SEVA-Cpf1, a CRISPR-Cas12a vector 
for genome editing in cyanobacteria. Microb Cell Fact. 2022;21:103. doi:10.1186/s12934-
022-01830-4 

Introduction 

Cyanobacteria are photosynthetic autotrophs with high metabolic plasticity and the 
ability to grow using CO2 and sunlight, which offers a tremendous potential in 
industrial applications. CRISPR technology has been used in gene editing of 
cyanobacteria in metabolic engineering processes. Despite significant advances in 
genome editing in several cyanobacterial strains, the lack of suitable genetic tools 
remains a limiting factor compared to other model laboratory species. Among these 
limitations, we find the need of having a bank of versatile plasmids that can facilitate 
the use of CRISPR technology. 

Results 

In this study, several CRISPR-Cpf1 vectors based on SEVA plasmids were developed 
(Figure 1). The SEVA collection are vectors with modular elements that can be 
interchanged and modified called cargoes (eg. origin of replication, resistance, etc.). As 
a first step, plasmids with a broad spectrum RSF1010 origin of replication were tested. 
These plasmids were able to transform not only model cyanobacteria but also an 
extremophile cyanobacteria, Chroococcidiopsis sp. Once the transformation capacity was 
verified, SEVA vectors were constructed with the elements of the CRISPR-Cpf1 system, 
and it was shown that the transformation capacity was maintained in all the strains of 
cyanobacteria tested. Finally, as a proof of concept, the unmarked deletion of the nblA 
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gene in Synechocystis sp. PCC 6803 was obtained, demonstrating that the SEVA 
plasmids based on the CRISPR-Cpf1 technology constructed in this work can be used 
for the genetic modification of cyanobacteria. 

Conclusions 

In this study, gene editing vectors have been developed using the CRISPR-Cpf1 system 
based on SEVA plasmids. According to the results obtained, these vectors are easy to 
manipulate in the laboratory and capable of transforming by conjugation in different 
species of cyanobacteria. In addition, they present a high rate of plasmid curing 
allowing future editions. All this makes the plasmids obtained a very useful tool with a 
wide range of applications that can range from metabolic engineering to basic science 
studies. 

 

 

 

 
Figure 1. Gene editing process in Synechocystis sp. PCC 6803. A) Construction of the SEVA 
vector containing the CpF1 nuclease and the up and down recombination regions of the target 
nblA gene that will serve as a repair template. B) Target chromosomal region that will be cut by 
CpF1 with the indication of the up and down regions. C) Result of the conjugation of 
Synechocystis sp. PCC 6803 with the SEVA gene editing vector. D) Confirmation of mutants by 
PCR. WT strain was used as a control. E) Proof of concept: the control loses color in the absence 
of nitrogen (-) due to the action of the nblA gene product on the phycobilosome but the mutant 
colonies obtained in this work by the gene editing process are not capable to degrade the 
phycobilisome. The symbol “+” or “-“represents culture grown in BG11 medium with or 
without sodium nitrate respectively. 
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Institute of Sustainable Processes 

Country: Spain 

Contact: Raúl Muñoz Torre. mutora@iq.uva.es 

Research topics: 

The Institute of Sustainable Processes (ISP) is a research institute belonging to the 
University of Valladolid (UVa), which provides green technologies and optimization 
and control tools for industries facing environmental challenges and/or looking for 
optimization of their global operation. The institute specializes in four global fields: 

● Green Energy 
● Clean Environment 
● Resource Recovery 
● Process Optimization for a Circular Economy 

 
Within these areas, the ISP specializes in developing cost-effective biotechnologies for 
pollution treatment and valorization, including bioreactor design and operation 
strategies, materials development for separation processes, and molecular 
microbiology and systems biology studies. It also specializes in detecting and 
quantifying pollutants and toxic compounds in environmental and food matrices and 
developing modeling and advanced process control tools for the industry. 

Article: 

Cantera S, Fischer PQ, Sanchez-Andrea I, Marín D, Sousa DZ, Muñoz R. Impact of the 
algal-bacterial community structure, physio-types and biological and environmental 
interactions on the performance of a high rate algal pond treating biogas and 
wastewater. Fuel. 2021;302: 121148. doi:10.1016/j.fuel.2021.121148 

Introduction 

Photobioreactors have emerged as a promising platform for wastewater treatment 
based on the symbiosis between microalgae and bacteria. This biotechnology allows 
the simultaneous removal of organic matter, nutrients, and pathogens without 
mechanical aeration or chemical addition. Moreover, photobioreactors have garnered 
enormous interest as tools to capture CO2 and bio-transform it into a variety of bio-
based products, including biofuels. One of the most promising and cost-effective 
photobioreactor configurations for the production of biofuels is High Rate Algal Ponds 
(HRAP). In fact, due to the symbiotic actions of algae and bacteria, recent research 
positions HRAP as up-and-coming cost-competitive biotechnology to obtain high-
quality biomethane coupled with wastewater treatment. 

In an HRAP, biomethane is formed in a single stage via removing CO2 and H2S by the 
inherent metabolism of bacteria and algae. Moreover, wastewater (typically digestate) 
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acts as the source of nutrients and water to support microbial growth with the 
simultaneous recovery of nitrogen and phosphorous species from this wastewater. 
Hence, the treated wastewater can be discharged following the requirements of 
international legislation (Directive 91/271/EEC). The produced biomethane (which 
typically complies with the concentrations established by most international 
regulations of CH4 > 90%, CO2 < 2%, O2 < 0.3%) can be used as a substitute of natural 
gas via its injection into natural gas grids or used as autogas. However, while there has 
been extensive research in the past years to enhance the technical performance of 
HRAPs and fulfill biomethane standards, the complex microbiology supporting the 
process is still poorly understood, which is crucial to guarantee the long-term 
sustainability of this green technology. In HRAPs devoted to biogas upgrading, 
microalgae and prokaryotes influence each other’s physiology and metabolism 
synergistically, representing this biotechnology’s basis. In fact, the prokaryotic and 
algal communities structure and their interactions have key impacts on algal growth, 
wastewater treatment, and biogas upgrading. 

Algal growth has an impact on pH, temperature, and dissolved O2 concentration of the 
cultivation broth. Wastewater treatment is affected through N and P removal capacity 
and ultimately digestate loading rate. As such, algal and bacterial have important 
effects on the environmental parameters of an HRAP. Similarly, environmental 
parameters have effects on gene expression and can foster some biological pathways 
over others, thus modifying the microbial structure and the inherent metabolism 
involved in the biotechnological process in turn. Therefore, fundamental research 
focused on the study of algal prokaryotes interactions, performance, and metabolisms 
in HRAP, as well as the environmental parameters that affect the growth and 
cooperation of both communities, is necessary to enhance the operation robustness and 
to guarantee the long-term sustainability of these biotechnologies in real scale 
applications. 

This study investigated the algal and prokaryotic community structure in an outdoors 
pilot High-Rate Algal Pond (HRAP) that was simultaneously used for the treatment of 
high-strength wastewater and biogas upgrading. The algal and prokaryotic diversity 
was analyzed and correlated with biological and environmental parameters and 
process quality indicators. 

 
 

Results 

The results obtained showed that the dominance of versatile and resistant algae, such 
as Chlorella vulgaris, which is tolerant to high NH4+ and CO2 concentrations, 
concomitant to a specific prokaryotic population allowed for the obtention of 
biomethane with 95.2 ± 0.7% CH4, 1.4 ± 0.1% CO2 and no H2S. The bacterial community, 
fostered by the algal population, the light hours, and the photoperiod, had an 
important role in biogas upgrading through O2 and H2S elimination and wastewater 
treatment. While the algal population was involved in eliminating the ammonium of 
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the wastewater through assimilation, the bacterial population was the main factor 
responsible for organic carbon, nitrate, and phosphate removal, as well as nitrification. 
The low oxygen concentrations at night promoted bacterial denitrification, increasing 
the nitrite concentration in the treated wastewater. Through these findings, this 
research encourages photosynthetic biogas upgrading combined with wastewater 
treatment in HRAPs using an inoculum composed of dominant microalgae and an 
enriched prokaryotic population of aerobic chemo-organoheterotrophs, aerobic 
nitrifiers, and sulfur bacteria. Unlike the bacterial consortium in this study, this 
designed consortium can avoid nitrite accumulation in the cultivation broth and reduce 
the oxygen content in the produced biomethane. 

Conclusions 

The interactions between algae and prokaryotes and the influence of environmental 
parameters are key factors governing the performance of HRAPs devoted to biogas 
upgrading. The algal population was mainly responsible for CH4 and CO2 
concentrations in the biomethane. The dominance of a versatile and resistant algae 
tolerant to high NH+ and CO concentrations, such as C. vulgaris, concomitant to a 
specific prokaryotic population of sulfur bacteria, allowed for the obtention of 
biomethane with 95.2 ± 0.7% CH4, 1.4 ± 0.1% CO2 and no H2S. Moreover, the dominant 
algal species impacted the structure of the bacterial community, which played a very 
important role in both biogas upgrading, through oxygen and H2S elimination, and 
wastewater treatment. 

While the algal population was involved in the elimination of ammonium through 
assimilation, the bacterial population carried out the removal of organic carbon, 
phosphate, ammonium, and nitrate from wastewater. However, the low oxygen 
concentrations of the HRAP at night supported anoxygenic photosynthesis and the 
accumulation of nitrite in the cultivation broth, which can be toxic at high 
concentrations, and diminishes the quality of treated wastewater. Thus, the use of an 
enriched bacterial inoculum composed of aerobic chemo-organoheterotrophs and 
aerobic nitrifiers, as well as sulfur bacteria and which lacks of nitrate reducers, together 
with a resistant dominant algae species, could be a promising platform to obtain high-
quality biomethane and treated wastewater in photobioreactors. This designed 
consortium can avoid the accumulation of nitrite in the cultivation broth, and reduce 
the content of oxygen in the produced biomethane In addition, the dominance of a 
versatile and resistant algae, such as C. vulgaris, concomitant to a specific prokaryotic 
population seems to enhance the resilience of process operation against fluctuations in 
environmental conditions. 
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Instituto Tecnológico de Costa Rica 

Country: Costa Rica 

Contact: MSc. Marida Guerrero Barrantes. mguerrero@itcr.ac.cr 
 

Research topics: 
 

● Microalgae as biostimulants for agriculture 
● Microalgae cultivation in wastewater from agro-industries 
● Microalgae for aquaculture 
● Microalgae culture collections and scaling up improvements 
● Genomics and photosynthetic response of microalgae 

 
Article: 

 
Villalta-Romero F, Murillo-Vega F, Martínez-Gutierrez B, et al. Biotecnología 
microalgal en Costa Rica: Oportunidades de negocio para el sector productivo 
nacional. Tec Marcha. 2019;32:85-93. doi:10.18845/tm.v32i9.4634 

 
Introduction 

 
Microalgae represent a formidable resource due to the enormous range of valuable and 
novel biochemicals for generating research and products in the food, agricultural and 
pharmaceutical industries. Moreover, the possibility of using low-quality water and the 
fact that no fertile land is needed for their cultivation make them an option that does 
not compete with food sovereignty. However, current production systems' 
cost/efficiency ratio has reserved microalgal biomass mainly for high-value health, 
cosmetics, nutraceuticals, human food, and aquaculture applications. An alternative to 
reduce production costs is to use subproducts of organic substrates from the agro-
industry as a culture medium. Furthermore, microalgae growth in food industry 
wastewater (such as palm heart) has been established as a viable technological 
alternative. It reduces the company's high cost of water treatment. 

 
Results 

 
Strain collection: In order to enhance microalgal biotechnology in Costa Rica, a 
collection of national microalgae strains was established. The Microalgal Research 
Group of the Biotechnology Research Center (CIB) from the Costa Rica Institute of 
Technology (TEC) began research with microalgae in 2007 and observed the need to 
create a technological and logistical structure for the safeguarding of native microalgae 
species. Currently, there are more than 60 strains isolated from different environments, 
registered with the office of the National Commission for Biodiversity Management 
(CONAGEBIO). 
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Short-term and long-term conservation protocols were developed for cryopreservation. 
Some 40 strains have been morphologically identified down to the family level; 24 
strains were selected for molecular identification using the 18S rDNA gene of these 
microalgae. Genetic analysis found strains belong to the Trebouxiophyceae, 
Chlorophyceae, Prymnesiophyceae, and Cyanidiophyceae classes. Many identified 
algae have exciting properties that make them very attractive for commercial use and 
allow the study in basic and applied science, contributing to the knowledge, valuation, 
conservation, and sustainable use of these interesting biological resources. 

 
Microalgae scaling: Despite the complexity of growing outdoors, it has been possible to 
develop microalgal cultures up to volumes of 40,000 L in Costa Rica, adapting them to 
different agro-industrial wastes and different climatic conditions with proper 
management practices. This experience has allowed the development of a TEC know-
how with a significant economic, environmental and social value for the subsequent 
transfer of the developed technology to the productive sector. 

 
The cultivation systems in open raceways or channels have an agitation system using 
paddles or propellers. They can reach a depth of 40 cm in the CIB, surpassing 
international standards that use less depth. A geomembrane usually covers the floor 
and walls. Some limitations include maintaining monoalgal cultures, so their large-
scale use has been limited to specific strains with vigorous growth in selective media 
and resistance to weathering conditions. 

 
Growing and harvesting Chlorella vulgaris with agro-industrial effluents: The microalga 
Chlorella vulgaris was adapted and grown using effluents of four biodigesters fed with 
agro-industrial residues, namely dairy manure (DM), chicken manure (CM), pig 
manure (PM), and sugar cane vinasse (SC). The biomasses of the microalgae were 
obtained from the different culture media and characterized -by lipids content, lipids-
to-proteins, carbohydrates-to-proteins ratios, and thermal behaviour under pyrolysis 
conditions-. The growth curves and cell growth kinetics of C. vulgaris grown on the 
four organic residues did not show significant differences against the control culture 
grown on a standard BG-11 medium. Furthermore, C. vulgaris grown in PM medium 
produced the highest lipids content while SC medium resulted in biomasses with the 
lowest lipids content. In addition, DM, CM, and control media produced biomasses 
with similar lipids contents. CM presented the lowest lipids-to-proteins and 
carbohydrates-to-proteins ratios. On the other hand, the highest carbohydrates-to-
proteins ratio was obtained for SC. These values reflect the influence of the high 
protein content in the case of CM and high carbohydrate content for SC. In addition, 
the highest lipids-to-proteins ratio was presented by the microalgae grown using PM 
as a nutritional source, suggesting high lipids content for such microorganisms. 
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Conclusions  
 
The microalga Chlorella vulgaris was successfully adapted and grown using as 
nutritional sources effluents of four biodigesters fed with agro-industrial residues of 
Costa Rica, providing useful biomasses while remediating their growing media. 
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LAB-BIOTEM S.A. 

Country: Ecuador 

Contact: Xavier Álvarez Montero, Ingrid Mercado Reyes. labbiotem@gmail.com 

Research topics: 

We work with the development of biotechnological processes and products, from the 
bioprospecting of microalgae, cyanobacteria, marine ascomycetes, bacteria, and 
Extremophiles, the design of culture systems and production of biomass and/or 
metabolites of interest (proteins, enzymes, lipids, pigments ), in the treatment of agro-
industrial wastewater with microalgae and cyanobacteria and evaluation of this 
biomass for energy and/or agricultural purposes, production of cyanobacterial 
exopolysaccharides in mixotrophic cultures, heterotrophic cultures of microalgae, in 
the enzymatic and molecular characterization of marine ascomycetes, in the 
characterization of biofertilizers of bacterial origin, and the characterization of the 
anaerobic digestion of different substrates. In brief, biotechnology of microorganisms 
(bacteria, fungi, microalgae) with emphasis on the following areas: Agricultural, 
Aquaculture, Livestock, Bioenergetics. 

Article: 

Mercado I, Álvarez X, Verduga M, et al. Enhancement of Biomass and Lipid 
Productivities of Scenedesmus sp. Cultivated in the Wastewater of the Dairy Industry. 
Processes. 2020;8:1458. doi:10.3390/pr8111458 

 
Introduction 

Fossil fuels are hydrocarbons generated millions of years ago that appear in solid 
(coal), liquid (oil), or gaseous (natural gas) forms, which come from the decomposition 
of organic matter. These molecules are responsible for 86% of the energy produced 
worldwide. However, they are the primary source of greenhouse gas emissions, 
making their use unsustainable. Due to their environmental impact, imminent 
depletion (40–60 years), and the increase in world energy demand (↑50% by 2030), 
other sustainable energy sources are being sought, such as solar, tidal, and biofuels, 
among others. 

The latter comprises any fuel derived from biomass or its residues, such as plants, 
animals, or microorganisms. Biofuels emerge as a profitable alternative to the regular 
consumption of fossil fuels; the most developed are bioethanol, biodiesel, and biogas, 
whose consumption reduces carbon emissions by between 30% and 50%. Biomethanol, 
bioethers, synthetic biofuels, biohydrogen, and vegetable oils are used less frequently. 
The use of biofuels for energy production has many advantages; however, only 10% of 
the energy is obtained from biomass and waste. These bioenergetic compounds include 
liquid, solid, and gaseous fuels, classified according to the production source in the 
first, second, third, and fourth generation. 
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Culture medium Xm (cells mL ) -1 µ (day ) -1 Qx (g L day ) -1 -1 

The cultivation of these microorganisms on a large scale to obtain various metabolites 
of commercial interest generates a high demand for freshwater and nutrients, usually 
supplemented by chemically synthesized fertilizers due to the lower cost they present 
in relation to nutrients from formulated cultivation. However, industrial production 
with fertilizers is not profitable (>$400 t−1) if the costs of biomass production and 
processing are considered in the production of biofuels. The use of agro-industrial 
wastewater emerges as a viable alternative in the cultivation of microalgae and 
cyanobacteria due to their outstanding capacity to adapt to various water bodies as 
sources of fresh, marine, brackish, and wastewater, among others. For this reason, it is 
proposed to evaluate the cultivation of the native microalgae Scenedesmus sp. in 
wastewater from dairy industries determining growth parameters, biomass 
biochemical composition, FAME's profile, nutrient assimilation, and cellular 
morphological changes. 

Results 
This research was carried out to increase the content of energetic compounds in the 
biomass of the microalgae Scenedesmus sp. using dairy wastewater as a culture 
substrate. The main results obtained are detailed below: 

 
- Growth parameters 

 
Table 1. Kinetic parameters of Scenedesmus sp. for 11 days of batch culture. Xm: maximum cell 
concentration obtained; µ: specific growth rate; Qx: biomass productivity. 

 

BG11 4.3 x 107 ± 3.4 x 106 0.41 ± 0.06 1.84 ± 0.93 

DIWW 100% 4.4 x 107 ± 1.4 x 106 0.54 ± 0.14 1.75 ± 0.60 

 
 
 

 
 
 
 Figure 1. Cell density (left) and biomass productivity (right) of Scenedesmus sp. cultured in 

the standard medium BG11 and dairy wastewater (DIWW 100%). 
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- Biochemical composition of biomass 
 

Table 2. Concentration of proteins, carbohydrates, and lipids of Scenedesmus sp. cultured in 
standard BG11 medium and dairy industry wastewater (DIWW 100%). 
 

Culture medium Protein Carbohydrate Lipid 
BG11 276.96 ± 20.46 mg g-1 304.09 ± 31.65 mg g-1 350.81 ± 33.05 mg g-1 

DIWW 100% 198.36 ± 12.73 mg g-1 268.51 ± 24.52 mg g-1 507.81 ± 19.09 mg g-1 
 

 
Analysis of fatty acid methyl esters (FAME) produced by Scenedesmus sp. (LBM 0020) 
cultured in dairy effluents shows the predominance of polyunsaturated fatty acids 
(44%), followed by saturated fatty acids (29%) and, in lower concentration, 
monounsaturated fatty acids (21%) (Table 3). 

 
Table 3. Fatty acid composition of Scenedesmus sp. grown on 100% wastewater from the dairy 
industry.  
 

Fatty acid methyl esters (FAMEs) % total fatty acid 
Saturated fatty acids 

Myristic (C14:0) 8.13 
Palmitic (C16:0) 18.79 
Stearic (C18:0) 0.32 
Arachidonic (C20:0) 1.58 

Monounsaturated fatty acids 
Oleic (C18:1) 9.71 

Polyunsaturated fatty acids 
Linoleic (C18:2) 20.05 
Linoleic (C18:3) 23.79 
Eicosapentaenoic (EPA) (C20:5) 0.00 
Docosahexaenoic (DHA) (C18:3) 0.00 
Total saturated fatty acids 28.95 
Total monounsaturated fatty acids 20.82 
Total polyunsaturated fatty acids 44.29 
Trans fat 5.94 

 
 

- Cellular morphological changes 
 

Table 4. Cellular morphological changes in Scenedesmus sp. in cultures with dairy wastewater 
compared to standard medium BG11. 

 

Culture 
medium 

Cell length (µm) Cell width 
(µm) 

Cell area 
(µm2) 

Cell volume 
(µm3) 

BG11   17 6 80.1 1814.9 
DIWW 100% 14 13 142.9 2666.9 
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These values show an increase of 1.78 and 1.46 times the cell area and volume in the 
treatments concerning the control. 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Optical microscopy (40x) of Scenedesmus sp. under different culture conditions. a). 
Scenedesmus sp. in standard BG11 culture medium. b). Scenedesmus sp. in wastewater from the 
dairy industry. Scale: 20 µm. 

 
 

Conclusions 

i. Agroindustrial wastewater serves as alternative culture media for microalgae 
cultivation with various biotechnological applications. 

ii. The microalga Scenedesmus sp. can accumulate metabolites of interest (lipids) 
without presenting a significant decrease in cell density. 

iii. The culture of Scenedesmus sp. in wastewater induces physiological and 
morphological changes that influence parameters such as growth, productivity, 
and biochemical composition of the microalgal biomass. 

iv. The biochemical composition of Scenedesmus sp. is affected by the culture in 
wastewater due to the increase in lipid concentrations due to the diversion of 
the carbon flow towards synthesizing these compounds. 

v. The microalga Scenedesmus sp. It has potential applications in wastewater 
treatment due to its high percentages of nutrient removal. 

b
 

a
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Laboratorio de Estudios Básicos y Biotecnológicos en Algas (LEBBA). Centro de 
Recursos Naturales Renovables de la Zona Semiárida (CERZOS). Universidad 
Nacional del Sur (UNS) - CONICET. 

Country: Argentina 

Contact: Dra. Cecilia Popovich. bmpopovi@criba.edu.ar. Dr. Lucas Martín 
lucas.martin@uns.edu.ar 

Research topics: 

● Microalgae oil production for biodiesel 
● Microalgae cultures for essential fatty acid production 
● Value-added products from microalgae under a biorefinery approach 
● Microalgal biomass production using wastewater 
● CO2 and wastewater bioremediation 

Teaching: 

“Algae and Fungi Biology” for Bachelor of Biological Sciences. Departamento de 
Biología, Bioquímica y Farmacia, Universidad Nacional del Sur. Bahía Blanca, 
Argentina. Teacher: Dra. Cecilia Popovich. 

Article: 

Martín LA, Popovich MC, Damiani MC, Leonardi PI. A practical tool for selecting 
microalgal species for biodiesel production. J Renew Sust Energy. 2020;12:063101. 
doi:10.1063/5.0010668 

Introduction 

Microalgae are a promising source of energy to replace fossil fuels. Most of the research 
in this field focuses on the production of biodiesel. Microalgal cultures have several 
advantages over conventional crops used for commercial biodiesel, however relatively 
few species have been studied as biodiesel feedstock. Within the bibliography, 
bioprospecting for microalgal species for biodiesel production has been based on 
different properties, including growth rate and lipid content, lipid productivity, fatty 
acid composition, and biodiesel quality. The economic and environmental 
sustainability of large-scale processes for the production of biodiesel from microalgae 
have also been evaluated using different methodologies. The aim of this study was to 
develop a practical tool for selecting microalgal species suitable for biodiesel 
production based on information relating to biomass and oil production process 
requirements (PRs), triacylglyceride (TAG) content, and biodiesel properties. 

The term requirement refers to (1) the resources required to produce microalgal 
biomass (water), (2) the stress factors for triggering TAG accumulation (natural stress, 
artificial nutrient stress, and high light intensities), and (3) the energy required for 
harvesting and lipid extraction. Based on these criteria, the PRs for biodiesel 
production of nine microalgal species were classified and scored for the upstream 

mailto:bmpopovi@criba.edu.ar
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(growing the microalgae and producing the lipids) and downstream (biomass 
harvesting and lipid extraction) phases. 

Results 

The diatom species (Skeletonema costatum, Navicula cincta, N. gregaria y Halamphora 
coffeaeformis) got the highest scores relating to biomass and oil production process 
requirements (fresh or marine water use, energy consumption for harvesting or 
extraction), between 2.5 and 3. 
Navicula cincta presented the highest TAG score, due to a TAG content of 30.4 (% dw). 
Diatoms presented the highest BS values, equaling or exceeding those of soybean, 
palm, and canola. Skeletonema costatum was the species with the highest BS (180). In all 
cases, kinematic viscosity, specific gravity and cetane number showed values according 
to American (ASTM D6751–08) and European (EN 14214) standards. 
Diatoms exhibited a higher overall score than chlorophytes, and the best classified 
species were the native benthic diatoms Halamphora coffeaeformis, Navicula cincta and N. 
gregaria (1.65–1.5). Its ability to autoflocculate and generate a biofilm significantly 
reduce harvesting costs, which can represent up to 30% of the process costs. 
Skeletonema costatum and Phaeodactylum tricornutum show high biodiesel score values 
but with lower process requirements score values. 

 

Conclusions 

This study describes a practical tool for the selection of microalgae species for biodiesel 
production based on biological, economic and environmental aspects. An overall score 
standardizes the criteria for potential large-scale cultures, covering biomass and oil 
production requirements, TAG content, and biodiesel quality. The argentinean native 
benthic diatoms Halamphora coffeaeformis, Navicula cincta and N. gregaria emerge as 
promising species for biodiesel production. Furthermore, this study proposes a useful 
tool to select suitable microalgae species for commercial biodiesel production. 
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Biological wastewater treatment, gaseous biofuels (hydrogen and methane) generation 
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Article: 

 
Buitrón G, Coronado-Apodaca KG. Influence of the solids retention time on the 
formation of the microalgal-bacterial aggregates produced with municipal wastewater. 
J Water Proc Eng. 2022;46:102617. doi:10.1016/j.jwpe.2022.102617. 

 
Introduction 

 
The easy separation of the microalgal-bacterial biomass is crucial during wastewater 
treatment. For that, the formation of aggregates is a feasible way to enhance biomass 
separation. This paper evaluated the influence of solids retention time (SRT) on the 
formation of microalgal-bacterial aggregates during the treatment of municipal 
wastewater in continuous high-rate algal ponds (HRAP). Three SRT (6, 12, and 18 days) 
were studied at a fixed hydraulic retention time of 6 days. 

 
Results 

 
It was evidenced that the increment in the SRT in continuous HRAP favored the 
formation of the granular structures and settling properties impacting, therefore, in the 
effective solids' separation. No significant differences were found for COD removal, 
and bromatological characteristics for the three SRT evaluated. However, the increment 
on the SRT significantly affected the removal of N-NH +, P-PO 3− and suspended solids 
in the effluent, obtaining the best performances for an SRT of 12 days. 

 
Conclusions 

 
It was found that the SRT imposes a community selectivity, allowing the formation of 
the aggregates. The increase in solids retention time induced the change from floccular 
aggregates to granules with an increment in the settling velocity (up to 7.4 m h−1). 
Microbiological characterization showed that aggregation depends on filamentous 
algae, cyanobacteria, and diatoms developed when the HRAP is operated under an 
SRT higher than 12 days. 
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Biorefinery of microalgae to obtain bioproducts (carotenoids, phycobiliproteins, 
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Article: 

Sánchez-Laso J, Piera A, Vicente G, et al. A successful method for phycocyanin 
extraction from Arthrospira platensis using [Emim] [EtSO4] ionic liquid. Biofuels Bioprod 
Bioref. 2021;15:1638. doi: 10.1002/bbb.2275 

Introduction 

Research into the extraction of phycobiliprotein such us phycocyanin (PC) from 
Arthrospira platensis is currently ongoing. Most traditional methods of phycobiliprotein 
extraction include the use of organic solvents, which negatively affect the sustainability 
of the process. Ionic liquids (ILs) are a promising alternative for phycobiliprotein 
extraction due to their properties as green solvents. In the present work an 
imidazolium-based IL and sonication were studied to maximize PC extraction. 

A factorial experimental design was used to optimize the amount of extracted 
phycocyanin. A 24 full factorial design was used, examining the following main 
variables to maximize phycocyanin extraction: IL/water (IL/W) and biomass/solvent 
(B/S) mass ratios, sonication power (P), and time (t) (Table 1). A dialysis-based process 
was used to separate the IL from the extracted phycobiliproteins and reuse it in 
consecutive cycles. 

Table 1. Correspondence between coded and actual values of the experimental factors selected 
for the factorial design 

 
Coded value B/S (wt%) IL/W (wt%) P (%) T (min) 

-1 10 0 40 10 
0 35 15 60 20 
1 60 30 80 30 

 
 

Results 

Figure 1 shows the response surfaces for the predicted values of the selected variables 
(Figure 1(A): PC extracted amount; Figure 1(B): PC purity) as a function of two of the 
factors with the other two in their central value (coded as 0). The equations of the 
second models including only the significant factors are also presented in Figure 1. 

The maximum extraction yield was achieved by using low biomass/solvent ratios 
combined with high IL/water ratios and sonication powers, and long operation times. 
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Figure 1. Response surface plot of the extracted amount of phycocyanin (EPC) (A) and purity of 
phycocyanin (PPC) (B) 

A dialysis-based process was used to separate the IL from the extracted 
phycobiliproteins and reuse it in consecutive cycles. The results reveal the possibility of 
using the recovered IL for seven consecutive extraction cycles with an acceptable 
phycocyanin extraction amount, from 75 mg g−1 (fresh IL) to 60 mg g−1 (7 cycles of 
reused IL). 

Conclusions 

The use of [Emim] [EtSO4] + ultrasound is a promising alternative for phycocyanin 
extraction, enhancing the results obtained with other IL in terms of extracted 
phycocyanin and the number of times the IL can be reused. 
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Article: 
Microalgae production in industrial wastewater: Two preliminary studies of 
microalgae adaptation 

Introduction 
 

Focusing on the use of microalgae in removing nutrients from industrial effluents, an 
initial study was carried out on the adaptation of two microalgae species in wastewater 
from industries. The microalgae used were Euglena sp. and Chlorella vulgaris for 
wastewater from the brewing and household appliance industries, respectively. 
Euglena sp. production was conducted with 10 to 25% wastewater, and C. vulgaris 
production was 100% wastewater (sanitary) from the household appliance industry. 
Both were monitored for biomass production, cells per mL, and optical density. The 
experiments were conducted for 7 to 10 days indoors with artificial light produced by 
LED lamps (700 - 2000 lumens). 

Results 
 

Among the results found, the adaptation of the two species to the respective 
wastewater stands out, and the wastewater from the brewery could not be used with 
percentages above 25%. As for C. vulgaris, cultivated in wastewater from the household 
appliance industry, it was observed that it was adapted to both raw wastewater and 
wastewater that underwent physical-chemical treatment. Therefore, in the growth 
curves, in the respective media, we observed the adaptation and growth of the tested 
microalgae. Also, for wastewater from the household appliance industry, it was 
observed that there is more significant growth in the medium with raw wastewater 
compared to the standard medium (F/2) (p<0.05). The best removal of phosphorus 
(Ptotal) and nitrogen ammoniacal (NNH3) found in the studies was 96.2% and 75.5%, 
respectively. 

Conclusion 
 

It is concluded that the tested conditions are promising for producing the microalgae 
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Euglena sp. in wastewater from the brewing industry and Chlorella vulgaris in 
wastewater from the domestic appliance industry. 
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Country: Spain 

Contact: Prof. Luisa M. Vera Peña. luvera@ull.edu.es 
 

Research topics: 
 

The "Water Treatment and Reuse" research group of the Department of Chemical 
Engineering and Pharmaceutical Technology of the University of La Laguna began its 
work in the early 1990s, and has been inevitably linked to the development of systems 
for the reuse of treated water in Tenerife. The work carried out by the group has 
focused on two main lines: the optimization of transport and storage systems for 
treated water from Tenerife, and the study of membrane technologies for the 
regeneration of treated water. 

 
Article: 

 
González E, Díaz O, Ruigómez I, de Vera CR, Rodríguez-Gómez LE, Rodríguez-Sevilla 
J, Vera L. Photosynthetic bacteria-based membrane bioreactor as post-treatment of an 
anaerobic membrane bioreactor effluent. Biores Technol. 2017;239:528. 
doi:10.1016/j.biortech.2017.05.042 

 
Introduction 

 
The development of anaerobic membrane bioreactors (AnMBRs) for wastewater 
treatment is an attractive option for recovering energy by converting organic matter 
into methane-rich biogas. However, one of the main drawbacks of this technology is 
the significant concentration of organic matter, nitrogen and sulphur in the effluent. 

 
The application of photoheterotrophic bacteria for the treatment of this anaerobic 
effluent offers several advantages over other chemical or biological processes, such as 
the sustainability of the treatment and the biological production of hydrogen. 
Nevertheless, it requires careful design of the bioreactor and to evaluate the impact of 
photoheterotrophic growth on membrane fouling and this was the main aim of this 
work. In addition, key issues such as the growth of photosynthetic bacteria with 
complex and variable organic composition, membrane fouling and the effect of other 
microorganisms on the overall performance were analysed. 

 
Results 

 
The MPBR was started up without any bacterial inoculum and feed water was used to 
fill the photobioreactor on the first day. Biomass developed from the indigenous 
bacteria and the biomass concentration appears to follow a slow linear increase after 
the first 192-312 h of operation, suggesting that biomass growth was not significantly 
affected by light availability as biomass density increased. In this period, the average 
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rate of biomass period was 37.2 g m-3 d. After the first 300 h of operation, the MPBR 
significantly reduced organic matter, obtaining values of 57 ± 4 mg L-1 and 15.9 ± 0.6 mg 
L-1 in the permeate, respectively. These values decreased slightly with increasing 
operating time, reaching values of 57 ± 4 mg L-1 and 15.9 ± 0.6 mg L-1 in the permeate, 
respectively. The results revealed a remarkable photoheterotrophic activity even at 
relatively low biomass concentration (1083 ± 373 mg L-1), reflecting the high efficiency 
of the MPBR for the removal of organic matter, COD and TOC, which reached 43 ± 4 
mg L-1 and 7.5 ± 3.1 mg L-1. A partial nitrification (oxidation of ammonium to nitrite) 
after 528-696 h of operation, reaching a nitrite concentration of 15.1 ± 2.5 mg N L-1 in 
the permeate was reported. The nitrite concentration remained stable until the end of 
the experiment, possibly due to dissolved oxygen limitation (<0.2 mg L-1), which 
prevented nitrite oxidation. At the same time, denitrification through nitrite was 
initiated, resulting in a partial nitrogen removal (39%). The reason for this partial 
denitrification may be the low carbon/nitrogen ratio (<4 COD/TN) in the feed water. 

 
The transmembrane pressure at the beginning and at the end of the filtration cycle, 
TMPi and TMPf, remained at low values (2.8 kPa and 3.2 kPa, respectively) during the 
first 190 h of operation, corresponding to the initial biomass development. It should be 
noted that residual fouling can be related to reversible fouling by considering a specific 
deposited mass remaining on the membrane surface after backflushing. 

 
The residual fouling decreased during daylight hours, reaching a minimum at midday. 
It seems that the temperature profile may be the reason for the observed behaviour, as 
temperature influences the permeate viscosity. Fouling can be caused by the deposition 
of biomass on the membrane surface, forming a cake layer. However, colloidal 
biopolymers can affect the reversibility of the cake layer (i.e. residual fouling) in 
different ways: increasing the adhesion of solids to the membrane, reducing membrane 
surface area, forming a cake layer. Two species belonging to the genus 
Rhodopseudomonas, R. faecalis and R. palustris, were isolated from the MPBR biomass. 
The proliferation of these species can be attributed to the presence of fatty acids in the 
feed water, which can be used as substrates by these species. 

 
Conclusions 

 
In the system, organic carbon and nitrogen removal reached 65% and 39%, 
respectively. In addition, the significant sulphate concentration in the permeate 
showed obvious sulphide oxidation. Despite the accumulation of biopolymer clusters 
in the biological suspension, membrane fouling was effectively mitigated by air-
assisted backflushing, allowing for sustainable operation. Several strains of bacteria 
were identified, including the photoheterotrophic bacterium Rhodopseudomonas sp. and 
the nitrifying and denitrifying bacteria Chryseobacterium sp. Therefore, the cultivation 
of photosynthetic bacteria in membrane bioreactors to improve the quality of anaerobic 
effluents seems to be an interesting alternative process from a sustainability point of 
view. 
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Our group has a diversified background, being composed of chemical engineers, 
biologists and oceanographers. We seek to integrate our research areas into common 
lines of research, making our skills complementary. The group's main lines of research 
are: Biological Waste Treatment; Algae Biotechnology, Phytoremediation, 
Biotechnological Applications of Algae Biomass. 

 
Article: 

 
Salvi KP, Silva Oliveira W, Horta PA, Rörig LR, Oliveira Bastos E. A new model of 
Algal Turf Scrubber for bioremediation and biomass production using seaweed 
aquaculture principles. J Appl Phycol. 2021;33:2577–2586. 
doi:10.1007/s10811-021-02430-2. 

 
Introduction 

 
Algal Turf Scrubber (ATS) is an ecological engineering system that consists of a support 
for the fixation and growth of algae in a continuous or pulsed flow regime. The fixation 
of micro and macroalgae occurs naturally, following a complex ecological succession of 
organisms originating from the effluent itself or from the pumped surface waters. Such 
systems have been successfully used for the purification of effluents and polluted 
water, generating useful and easy-to-harvest biomass. In this study, we propose 
innovative system modifications to increase its productivity and ability to remove 
nutrients in a shorter production cycle, for marine waters. Therefore, we interfere in the 
process of succession of microalgae and macroalgae in the microtopography of the 
system, directing and abbreviating the succession through the sowing of algal spores 
obtained in the laboratory after the use of reproductive induction techniques. In this 
process we use the green alga Ulva ohnoi. 

 
Results 

 
The process of inducing sporulation of algae and using this spore culture as a 
circulating medium in the system was highly efficient, favoring the fixation of spores, 
which are flagellated, and their subsequent growth, forming filaments and macroscopic 
sheets of algae that densely covered the nylon mesh, forming an active biofilter. The 
combination of nylon mesh as support material under continuous water flow was the 
operating condition that generated the fastest algae cover in the system. The removal 
rates of NH4 and PO4 by the mats formed reached 100% in a maximum of 24 hours of 
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operation, also generating growth rates compatible or superior to those mentioned for 
this species in other cultivation systems. The results showed the viability of the system, 
suggesting the extension of the process for its use in the decontamination of coastal 
waters. In addition, high purity ulvans were extracted from the biomass, showing the 
potential use of biomass. 

 
Conclusions 

 
The use of seeded ATS (sATS) system for nutrient bioremediation and biomass 
production is feasible and deserves to be scaled up. The system proved to be efficient 
for nutrient removal in a short period, resulting in acceptable biomass production to 
establish a baseline for this cultivation method. The sATS system demonstrated 
stability and did not present problems of contamination by other algae under the 
conditions tested. This is highly desirable for bioproducts that require a high degree of 
purity, such as ulvan for biomedical applications, as it would ensure quality control of 
properties and reduce processing to remove contaminants. 
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Research topics: 

The Biotechnological Processes Unit (UPBT)´s main objective is to recover resources 
through the recovery of waste streams in the form of bioenergy and bioproducts. This 
objective is achieved through the development and optimization of biological 
processes, the identification of microorganisms that are indicators of the efficiency of 
the process, and the development of robust microbial communities against toxic 
substances. These strategies are applied to the different lines that the UPBT is currently 
developing: 

● Microalgae/bacteria consortiums for treating digestate and gas currents with 
high CO2 content. 

● Anaerobic fermentation of organic waste (agro-industrial waste, municipal 
waste, algal biomass) produces carboxylates, biogas, biohydrogen, and 
bioethanol. 

● Microbial electrolysis cells produce biohydrogen from carboxylic acids. 
● Production of microbial oils from carboxylic acids. 
● Biofuels and bioproducts from lignocellulosic biomass. 

Since IMDEA Energy is a Research center, it lacks teaching, understood as teaching 
hours taught at the center. However, it collaborates with different universities where 
researchers participate as teachers (University of Valladolid, Rey Juan Carlos 
University, and the Complutense University). His teaching role is complemented by 
directing end-of-degree projects, end-of-master projects, and internships at IMDEA 
Energy. 

Article: 
 

Greses S, Tomás-Pejó E, Markou G, González-Fernández C. Microalgae production for 
nitrogen recovery of high-strength dry anaerobic digestion effluent. Waste Manag. 
2022;139;321-329. doi:10.1016/j.wasman.2021.12.043. 

 

Introduction 

Anaerobic digestion (AD) is one of the most studied biological processes for organic 
waste conversion into a clean, renewable bioenergy stream, biogas. Significant 
advances in AD technology have been developed to increase organic waste valorization 
to boost the transition toward a circular economy model. Lately, dry AD (D-AD) has 
been expanded since it presents several advantages compared to conventional or wet 
AD (W-AD). However, the effluent of the D-AD is a nutrient-rich stream that is usually 
neglected when it comes to resource recovery. Since D-AD is conventionally performed 
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at total solids higher than 20 %, the effluent includes higher ammonium and higher 
solid fraction content than those typically attained in W-AD effluent (total solids ≤ 10 
%). 

Nevertheless, microalgae culture can be used as sustainable technology to recover 
nutrients in the form of biomass. The main drawback lies in the intrinsic characteristics 
of this effluent, which can ultimately be detrimental to microalgae growth due to the 
high concentration of particular compounds such as total ammonia and turbidity. 
Although a vast number of works are related to microalgae culture in W-AD effluents, 
the literature about microalgae growth in the effluent of D-AD is still limited. This 
investigation aimed at elucidating the conditions that maximize nitrogen recovery as 
microalgae biomass, evaluating the inhibitory potential of non-conventional media 
such as D-AD effluent. An experimental factorial design was used to elucidate the 
individual and combined effect of these parameters for Chlorella production to identify 
the inhibition threshold of ammonium and turbidity content. Once the optimal 
ammonium-turbidity ratio was determined, long-term microalgae production was 
performed in continuous mode by operating a photobioreactor (PBR) to confirm batch 
results. 

Results 

Different experiments were performed according to a factorial design to elucidate the 
effect of both factors (turbidity and NH +-N) and their optimal combination to 
maximize process efficiency. This study showed that microalgae growth could be 
maximized (Figure 1) at an initial ammonium concentration of 350 mg NH +-N L-1 and 
175 NTU turbidity. These values exceeded the inhibition threshold commonly found 
for Chlorella growth in W-AD effluents. The high values reached herein suggested a 
positive effect of combining high organic turbidity and NH +-N. Considering that the 
turbidity present in W-AD is normally composed of inorganic compounds, these 
results indicated that the organic turbidity characteristics found in D-AD effluents 
could be advantageous since it effectively boosted the nitrogen uptake and, therefore, 
the microalgae biomass production. Moreover, the statistical analysis of the 
standardized effect of ammonium and turbidity on microalgae growth determined that 
ammonium exhibited higher inhibitory potential than turbidity. At the same time, it 
was confirmed that the turbidity exerted a positive effect due to the organic feature. 

 
Once the critical factor was identified and the optimal NH4+-N: turbidity combination 
was established, microalgae production was investigated in a PBR operated in 
continuous mode (350 mg NH4+-N L-1 and 175 NTU). A hydraulic retention time of 10 
days mediated microalgae acclimation to the high NH4+-N content, resulting in 100 % 
NH4+-N removal and high microalgal biomass production. After 70 days of 
experimental time, the proliferation of resistant cells might be the reason for the 
successful microalgae culture in a stream that exceeded the inhibition threshold found 
in previous studies. 
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Figure 1. Surface response graph of (a) chlorophyll content and (b) nitrogen removal variations 
according to turbidity and ammonium concentrations. 

 

 
Conclusions 

This study demonstrated that microalgae technology could be successfully applied to 
recover nitrogen as biomass from high-strength D-AD effluent. Out of the two most 
detrimental parameters, turbidity, and NH4+-N concentration, the experimental 
factorial design determined NH4+-N as the critical factor for microalgae production. 
Moreover, the organic nature of turbidity has been revealed as an advantage for 
microalgae growth since it provides a natural organic carbon supply. NH4+-N and 
turbidity displayed a positive effect that boosted microalgae activity by coping with 
higher NH4+-N and turbidity contents than those reported in the literature related to 
microalgae culture in W-AD effluents. This study elucidated not only the most 
influencing factor and the optimal NH4+-N and turbidity values (350 mg NH4+-N L-1 
and 175 NTU, respectively) but also showed promising results of microalgae 
adaptability to extreme environmental conditions. 


	LIBRO de ABSTRACT
	3º REUNIÓN ANUAL 2022 de la RED CYTED 320RT0005  RENUWAL
	RED IBEROAMERICANA PARA EL TRATAMIENTO DE EFLUENTES CON MICROALGA
	Dear Colleagues,
	Antofagasta Bioinnovation Center, University of Antofagasta, Chile Country: Chile
	Research Topics:
	Article:
	Introduction
	Results
	Conclusions
	Biotechnology Research Team Country: Colombia
	Research Lines:
	Article
	Introduction
	Results
	Conclusions
	Research topics:
	Articles:
	Introduction
	Results
	Conclusions
	Department of Chemical Engineering, University of Almería and CIESOL Solar Energy Research Center, Joint Center, University of Almería-CIEMAT.
	Article:
	Introduction
	Results
	Conclusions
	Ficotecnología Ambiental - Environmental Phycotechnology Country: Spain
	Research topics:
	Article:
	Introduction
	Results
	Conclusions
	Research topics:
	Article:
	Graphical Abstract:
	Results
	Conclusions
	Research topics:
	Article:
	Introduction
	Results
	Conclusions
	Ingeniería Metabólica - Universidad Complutense de Madrid (Metabolic Engineering, UCM)
	Research topics:
	Article:
	Introduction
	Results
	Conclusions
	Institute of Sustainable Processes Country: Spain
	Research topics:
	Article:
	Introduction
	Results
	Conclusions
	Instituto Tecnológico de Costa Rica Country: Costa Rica
	Research topics:
	Article:
	Introduction
	Results
	Conclusions
	The microalga Chlorella vulgaris was successfully adapted and grown using as nutritional sources eﬄuents of four biodigesters fed with agro-industrial residues of Costa Rica, providing useful biomasses while remediating their growing media.
	LAB-BIOTEM S.A.
	Research topics:
	Article:
	Introduction
	Results
	- Growth parameters
	- Biochemical composition of biomass
	- Cellular morphological changes
	Conclusions
	Laboratorio de Estudios Básicos y Biotecnológicos en Algas (LEBBA). Centro de Recursos Naturales Renovables de la Zona Semiárida (CERZOS). Universidad Nacional del Sur (UNS) - CONICET.
	Research topics:
	Teaching:
	Article:
	Introduction
	Results
	Conclusions
	Laboratory for Research on Advanced Processes for Water Treatment, Academic Unit Juriquilla, Institute of Engineering, Universidad Nacional Autónoma de México
	Research topics:
	Article:
	Introduction
	Results
	Conclusions
	Rey Juan Carlos University Country: Spain
	Research topics:
	Article:
	Introduction
	Results
	Conclusions
	TECHI-Microalgas Country: Brazil
	Research topics:
	Article:
	Introduction
	Results
	Conclusion
	TyRA- Tratamiento y Reutilización de Aguas Country: Spain
	Research topics:
	Article:
	Introduction
	Results
	Conclusions
	UFSC – Universidade Federal de Santa Catarina Country: Brasil
	Research topics:
	Article:
	Introduction
	Results
	Conclusions
	Unidad de Procesos Biotecnológicos, IMDEA Energía Country: Spain
	Research topics:
	Article:
	Introduction
	Results
	Conclusions

