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1. Introduction: Waste valorisation, especially the development of biorefineries out of waste resources are 

the prime steps towards attaining a circular economy. Integration of wastewater bioremediation using 

microalgae and a green processing technique like hydrothermal liquefaction (HTL) to valorise this 

microalgal biomass shows potential of developing a sustainable waste biorefinery. Lately, the focus of 

researchers working on HTL has been on the biocrude fraction, and not on its major co-product; solids. In 

view of this, we performed HTL of microalgae grown in municipal wastewater and analysed the solids to 

explore its potential applications. 

 

2. Results and Discussions: An algal consortium of Phormidium, Chlorella pyrenoidosa and diatoms 

(native to wastewater) was cultivated in municipal wastewater under outdoor natural conditions in a pilot 

scale (100 L) attached biofilm reactor. After 6 days HRT, the consortium showed 53-87% reduction in the 

nutrients’ concentrations. The harvested biomass was rich in lipids (35.20±0.63% of total solids) with a 

biomass productivity of 3.48±0.44 gm-2d-1. Catalytic (biomass: catalyst ratio of 10:1) HTL of the 

biomass (water:biomass ratio of 4:1) at 27 bars (using N2 as the reaction gas), 230° C for 20 minutes of 

reaction time produced a biocrude yield of 43±2% (dried biomass basis) which was rich in specialty 

chemicals  (2-hydroxycyclopentadecanone (6-8%), pyrazine, 2, 5- dimethyl (5-6%), 2-piperidinone (3-

5%), octadecane (3-5%), methyl-2-hydroxytetracosanoate (2-4%), pyrazine, 2-ethyl-3-methyl (2-4%), 1-

hexadecene (1-3%), phenol (1-2%),1-tetradecene (1-2%) etc.) with an HHV of 24.8 MJKg-1. 

In addition to biocrude, the other major HTL product i.e. solid fraction was produced with a 

yield of 41±3% (dried biomass basis). It had a carbon content of 31.22±0.05 (%TS) which is optimum for 

it to be used as biochar. The calcium content in solids was 10.62 mg/g. Its XRD analysis revealed that this 

high calcium content was due to the formation of calcite structures which were mostly triclinic crystals 

with a 40.87%.  degree of crystallinity. This calcite formation in the HTL solids was confirmed by the 

FTIR analysis. Interestingly, the SEM images of the solids showed the complete breakdown of the 

Phormidium and Chlorella pyrenoidosa structures, with almost intact diatoms frustules even at such 

severe reaction conditions. The diatoms have a well-defined hierarchical micro/nanoarchitecture of silica 

(frustules), which is formed of two halves jointed together with a girdle; and protoplasts are enclosed in 

these frustules where pore arrays are present [1]. Together these two; calcite crystals and silicious 

diatoms, can be recovered for the development of biomaterials (hydroxyapatite-a bone replacement 

material/nanodrug delivery agent) [2]. 

 

3. Conclusions: Algal cultivation in wastewater and outdoor natural conditions (simultaneously treating the 

wastewater) followed by HTL of the harvested biomass to recover in parallel high value biocrude and 

solids prove to be a potential biorefinery targeting multiple sectors; biomedicine, environmental science, 

and even civil engineering.  

This work targets 6 sustainable development goals, critical to the survival of this planet. 
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