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Introduction:  

Bioenergy and algal biofuels  

 The area required for algae cultivation is estimated to 

be significantly less than that for any other biomass 

source. 
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Introduction:  

Carbon foot-print from fossil fuel & Renewable energy  

3/21 

Figure. The carbon foot-print from fossil and renewable energy (A). The raw materials for the 

microalgal photosynthesis are solar energy, CO2 and H2O and the products are reduced 

carbon compounds and O2 (B).  

 The reduced carbon compounds serve as a source of microalgal biofuel 

Renewable energy  Microalgae 

Source: Salama et al. (2016), in preparation for Energy and Environmental Science 



Introduction:  
Approaches for improvement of microalgal growth for biofuel production  
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Source: Salama et al. (2016), in preparation Energy and Environmental Science 



Source: Salama et al. (2014), published in Bioresource Technology 
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1.9-fold 

2.5-fold 

IAA 

DAH 

 IAA and DAH enhanced S. obliquus growth at all         

concentrations during the cultivation time. 
 

 IAA and DAH enhanced the S. obliquus growth by          

1.9- and 2.5-fold, respectively at 10-5 M . 
 

 The maximum specific growth rates were estimated   

to be 2.03 and 2.35 1/day at 2 day with 10-5 M IAA and 

DAH, respectively. 

Figure. Photographic image of S. obiliquus cultivated in     

BBM, in absence (control) and presence of 10-5 M  

Indole-3-acetic acid (IAA) and Diethyl aminoethyl 

hexanoate (DAH).. 

Figure. Effect of different concentrations of 

phytohormones and on the growth of S. 

obliquus. 

Introduction:  

Application of phytohormones 



Nanotechnology:  

Application of nanomaterials in the microalgal biofuel production 

6/21 Source: Zhang et al. (2014), published in Renewable and Sustainable Energy Reviews 

 Silica 

 Metal oxide nanoparticles (iron oxide and 

Agl/TiO2) 

 Single-walled carbon nanotubes 

Nanomaterials used as carrier of chemicals 

which perform as organic solvents: 

 Nano-catalysis 

 Lipase immobilized onto carbon 

nanotubes (CNTs) 

 Nano clay 

 Nanotechnology application in biodiesel production from microalgae mainly includes nanomaterial 

utilization on lipid accumulation, extraction and on the transesterification process as catalyst 

support or catalyst (Zhang et al., 2013).  



Nanotechnology:  

Application of nanomaterials in the microalgal biofuel production 
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Table. Nanomaterial application in lipase immobilization (Zhang et al., 2013).  

aInitial rates of transesterification activity. 
bTransesterification conversion rate.  

Figure. Nano-particles harvesting oil from algae without harming the organism 

Source: Prabu et al. (2016), published in International Journal of Advanced Research in Biology Engineering Science and Technology (IJARBEST 



Fermentation:  

A new biomass-energy conversion pathway  

Source: Salama et al. (2016), in preparation for Energy and Environmental Science 

Figure. An extended schematic model for a new biomass-energy conversion pathway in which all 

biochemical content of microalgal biomass can be transformed to biofuel for improving the 

economic feasibility of microalgae biofuel industry. 

 All biochemical content of microalgal biomass can be 

transformed to biofuel. 
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 The nucleus materials in the nucleus membrane were clearly visible and well defined in both non-

pretreated cyclotella and filamentous algae (Fig. A and C). 

 

 The cytoplasm and nucleus materials of both cyclotella and filamentous algae after the SHE treatment 

(Fig. B and D). presumably spread outside the cell due to complete cell lysis, which coincides with a 

significant increase in the dissolved fraction of carbohydrates under the same conditions. 

Figure. TEM images showing the destruction of C. vulgaris and filamentous U. belkae. (A, C) Non-treated algal cell 

while (B, D) combined pretreated (sonication + enzyme + heat) algal cell. 

A B 

C D 

Non-treated After pretreatment (SHE) 

Fermentation:  

Pretreatment of microalgal biomass (SHE)  

Source: Hwang et al. (2016), published in Algal Research  



10/21 

Figure. Cumulative bioethanol production from Chlamydomonas mexicana through 7-cycles of repeated fermentation using  

immobilized yeast cells. RG: regenerated; NRG: non-regenerated beads 

 Immobilized yeast cells enabled repetitive production of ethanol for 7 cycles displaying a fermentation 

efficiency up to ~80% for five consecutive cycles. 
 

 The ethanol concentration was equal for both RG and NRG beads in the 1st cycle (8.73 g/L), while in the 2nd 

and 3rd cycles, RG beads showed higher bioethanol production (9.6 and 9.64 g/L, respectively) compared to 

NRG beads (8.23 and 8.1 g/L, respectively). 
  

Being supplied with the nutrients in this period, the yeast cells in RG beads regained their cell integrity and 

catalytic efficiency in terms of cell multiplication, production of enzymes, and metabolic activities. 

Note: The fermentation was performed using immobilized yeast cells. 

Fermentation:  

Ethanol production during 7-cycles (Immobilized cells)  

Source: El-Dalatony et al. (2016), published in Bioresource Technology 
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Figure. Effect of pH and pretreatment condition on continuous ethanol production. (A) Fermenting bacteria (B) Yeast 

(Phase I: Stabilization stage, II: Sonication, III: SE, IV: SHE).  

Bacteria  Yeast (A) 

 

(B) 

 

Ethanol production by fermentative bacteria increased from 0.05 to 0.13 g g-1 with a decrease in pH 

from 7.5 to 5.4 for SE pretreated biomass.  

A decrease in ethanol production from 0.14 to 0.06 g g-1 was observed in both phases III and IV with 

increase in pH from 5.4 to 7.5.  

Higher amount of ethanol was observed in yeast fermentor compared to dark bacterial fermentor, which 

might be due to higher bioactivity of alcohol fermentation by Dekkera bruxellensis. 

Fermentation:  

Effect of pH and pretreatment condition on ethanol production 

Source: Hwang et al. (2016), published in Algal Research  



12/21 Source: Salama et al. (2016), in preparation for Energy and Environmental Science 

Table. Comparison of bioethanol production from microalgae and other feedstocks. 

* SHF = Separate hydrolysis and fermentation process  

**SSF = Simultaneous saccharification and fermentation 

Fermentation:  

Bioethanol production from microalgae  



Microalgae & wastewater: 

 Items required for algal cultivation with wastewater treatment 
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Figure. Schematic presentation of simulations on wastewater treatment with 

microalgal biomass cultivation for biofuel generation. 

Source: Salama et al. (2016), submitted to Renewable & Sustainable Energy Reviews 

 Appropriately selecting the wastewater, robust microalgal species, and pretreatment method is critical to using advanced 

wastewater treatment with microalgae cultivation to produce biomass for microalgae-based biofuel. 



       

Table. Comparison between the physical-chemical characteristics of various wastewaters and a commonly used synthetic 

medium (Barsanti & Gualtieri, 2014; Ji et al., 2014a; Salama et al., 2014; Tan et al., 2016). 

Microalgae & wastewater: 

Advantages of wastewater over synthetic medium   

 The presence of essential nutrients (including C, N, P, and trace elements) in wastewater enables the large-scale use of 

wastewater as a culture medium for growth of microalgae. 
Source: Salama et al. (2016), Renewable & Sustainable Energy Reviews 14/21 
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Table. Biomass production, nutrient removal and CO2 utilization during cultivation of microalgae in real open ponds 

supplemented with wastewater as a culturing medium in several countries during the past five years. 

aHydraulic residence time 
bConsumption of nutrient/kg algal biomass 

Microalgae & wastewater: 

Real open ponds supplemented with wastewater  

       

Source: Salama et al. (2016), submitted to Renewable & Sustainable Energy Reviews 
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Table. Biomass production, nutrient removal  and CO2 utilization during cultivation of microalgae in  photobioreactors (BPRs) 

supplemented with wastewater as a culturing medium in several countries during the past five years. 

bConsumption of nutrient/kg algal biomass 1 

Microalgae & wastewater: 

PBRs supplemented with wastewater  

Source: Salama et al. (2016), submitted to Renewable & Sustainable Energy Reviews 



Microalgae & wastewater: 

Emerging organic contaminants (EOCs)  

Figure. Proposed biodegradation pathway of CBZ by C. mexicana and 

UPLC-MS chromatographs of microalgal culture without 

CBZ (a), with microalgae and CBZ (b), and CBZ without 

microalgae (c). 

Biodegradation of Ciprofloxacin (CIP) Biodegradation of carbamazepine (CBZ)  

C. mexicana achieved a maximum of 35% biodegradation of CBZ. 

Two metabolites (10,11-dihydro-10,11-expoxycarbamazepine and n-hydroxy-CBZ) were identified by UPLC-

MS, as a result of CBZ biodegradation by C. mexicana.  

Addition of sodium acetate as an electron donor significantly increased the removal efficiency of CIP to 56% 

after 11 days of cultivation.  

Figure. Proposed the role of sodium acetate to promote CIP biodegradation in 

C. mexicana 

Source: Xiong et al. (2016), published in Bioresource Technology 
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Source: Xiong et al. (2016), published in Journal of Hazardous Materials 



Future direction:  

“Algal omics” research 

Figure. Conceptual illustration of integrative “omics” research with systems biology and genetic engineering 

approach for optimization of microalgae for bioenergy production. 

  Recent progress in microalgal genomics, in conjunction with other ‘‘omic’’ strategies, has speeded the 

capability to recognize genes and metabolic pathways which are potential objectives in the expansion of 

genetically engineered algal strains with optimum biochemical contents for biofuel production.  
18/21 



Conclusions 
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 Pretreatment algal biomass reduced substrate recalcitrance and enhanced accessibility 

of starch to  fermentative  microorganisms  for  bioethanol  production. 

 

 Immobilized yeast cells were found to be superior over free yeast cells, since immobilized 

cells are more tolerant to ethanol and exhibit a lower degree of substrate inhibition. 

 

 The conversion efficiency (22.26-27.56%) of C. mexicana biomass into biofuel revealed that 

approximately one third of the biomass has been converted into energy in the form of 

bioethanol. 

 

 Wastewater supported the microalgal growth in real open ponds and photobioreactors with 

removal of inorganic nutrients (such as TN, TP and TIC). 

 

 Phytohormones accelerated the microalgal growth and induced the quality and quantity of 

fatty acid content for biodiesel production. 

 

 Microalgae were capable to biodegrade the emerging organic contaminants (EOCs) including 

carbamazepine and ciprofloxacin. 
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