
 
 

v 

Contents 
  Page 
   
Abstract i 
Acknowledgements iii 
Contents v 
List of Figures ix 
List of Tables xi 
List of Symbols xiii 
List of Abbreviations xiv 
   
   
Chapter 1: Introduction  

1.1 Brief Results, Scope and Future Prospects of the Work 1 
   

Chapter 2: Review of Literature  
2.1 Third generation biofuels 5 

 2.1.1 Biodiesel 6 
 2.1.2 Biomethane  6 
 2.1.3 Biochar 6 
 2.1.4 Bioethanol 6 
 2.1.5 Other value added products  

2.2 Oleaginous algae 7 
2.3 Modes of algae cultivation 7 

 2.3.1 Open cultivation systems 7 
 2.3.2 Closed cultivation systems 8 

2.4 Bottlenecks associated with existing algae cultivation systems 9 
2.5 Integrating algae cultivation with bio-electrochemical systems 9 
2.6 MFC principle and its components 10 

 2.6.1 Anode 11 
 2.6.2 Cathode 11 
 2.6.3 Membrane/ Separator 11 

2.7 Electrochemically Active Microorganism 12 
2.8 Different Types of Losses in MFC 13 
2.9 Electrochemical Techniques and Parameters to Study MFC Performance 14 

 2.9.1 Voltage and Power Density Measurement 14 
 2.9.2 Columbic Efficiency 14 
 2.9.3 Cyclic Voltammetry 14 
 2.9.4 Chronoamperometry 15 
 2.9.5 Electrochemical Impedance Spectroscopy 15 

2.10 MFC Configuration 15 
2.11 Scaled-up studies 15 
2.12 Application of MFC 16 

 2.12.1 Wastewater Treatment 17 
 2.12.2 Electricity Generation 17 
 2.12.3 Algae Cultivation and CO2 Sequestration 17 
 2.12.4 Bioremediation 17 
 2.12.5 Industrial applications 17 
 2.12.6 Electronics and sensor based applications 18 

2.13 Photosynthetic or algae assisted MFCs 18 
2.14 Different configurations of algae-based MFC 19 
2.15 Algae biomass as anodic substrate 20 
2.16 Employment of algae in cathode 20 

 2.16.1 Algae at cathode 20 
 2.16.2 COD removal and wastewater treatment 20 

2.17 Different algal strains used in algae assisted MFC 20 
2.18 Power output from algae assisted MFC 21 
2.19 Factors affecting  power output in algae assisted MFC 21 



 
 

vi 
 

 2.19.1 Light 21 
 2.19.2 CO2 concentration 22 
 2.19.3 Dissolved oxygen 22 

2.20 Algal biomass generation through algae assisted MFC  
 

         22 

Chapter 3: Microbial fuel cell powered by lipid extracted algae: A promising system for algal lipids 
and power generation 

 

3.1 MFC Construction & Operation 26 
3.2 Results & Discussions 27 

 3.2.1  FTIR analysis of algae biomass, LEA biomass and algae-derived lipid 27 
 3.2.2 Profile of voltage v/s time as obtained for different experimental MFCs 28 
 3.2.3 COD degradation rate obtained for different experimental set ups 29 
 3.2.4 Polarization studies and power output as obtained for different experimental set 

ups 
30 

 3.2.5 Cyclic voltammetry (CV) analysis 31 
 3.2.6 Algal growth at cathode chamber 33 
 3.2.7 Energy output 34 
 3.2.8 Energy analysis 34 

3.3 Conclusions 35 
   

Chapter4: Performance evaluation of algae assisted microbial fuel cell under outdoor conditions    
4.1 MFC construction, inoculation, and operation 37 
4.2 Results and Discussion 38 

 4.2.1 Physical characterization 38 
 4.2.2 MFC performance 40 
 4.2.3 Algal growth 41 
 4.2.4 Microbial community analysis 42 
 4.2.5 Energy analysis 44 
 4.2.6 Cost assessment of single MFC assembly 46 

4.3 Conclusions 47 
   

Chapter 5: Superiority of activated graphite/CuO composite electrode over Platinum based         
electrodes as cathode in algae assisted microbial fuel cell 

 

5.1 MFC  Inoculation and Operation 50 
5.2 Results and Discussions 51 

 5.2.1  Physical characterization 51 
 5.2.2 Voltage and polarization behaviour 52 
 5.2.3 Algal growth  53 
 5.2.4 Electrochemical analysis 54 
 5.2.5 Fatty acid profile of cathodic algae 55 

5.3 Conclusions 56 
   

Chapter 6: Conclusions and Future Prospective 57 
   

Annexure A: Materials and Methods  
A.1 Materials 59 
A.2 Methods 59 

 A.2.1 Construction of MFC reactors 59 
 A.2.2 Lipid extraction & pre-treatment of LEA biomass 61 
 A.2.3 Characterization of clayware and rock phosphate amended clayware 62 
 A.2.3.1 Proton conductivity 62 
 A.2.3.2 Oxygen diffusion 62 
 A.2.3.3 Acetate diffusion coefficient 62 
 A.2.3.4 Water holding capacity (WHC) 63 
 A.2.4 Synthesis of nano-particles 63 
 A.2.4.1 CuO nanoparticle synthesis 63 
          A.2.4.2 MnO2 Nano-particle synthesis 63 
 A.2.4.3 Fe3O4 Nanoparticle synthesis 63 
 A.2.5 Analytical Techniques 63 



 
 

vii 

            A.2.5.1 pH Measurement 63 
            A.2.5.2 Chemical Oxygen Demand Measurement          63 
            A.2.5.3 Algal growth estimation 63 
            A.2.5.4 GC Analysis 64 
 A.2.6 Statistical Analysis 64 
 A.2.7 Electrochemical Analysis 64 
            A.2.7.1 Measurement of Power Density and Voltage 64 
            A.2.7.2 Columbic Efficiency 64 
            A.2.7.3 Cyclic Voltammetry 64 
 A.2.8 Microbial Community Analysis by Next Generation Sequencing 65 
 A.2.9 SEM and EDX analysis 65 
 A.2.10 X-Ray Diffraction (XRD) Analysis 65 
 A.2.11 Fourier Transformation-Infrared Spectroscopy (FTIR) 65 

   
  References 67-82 
List of publications 83 

 
  



 
 

viii 
 

 


