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Biochemical Engineering Fundamentals (2 Credits) 

 
1. Homogenous reactions: Reaction thermodynamics; Reaction yield; Reaction rate; 

Reaction kinetics; Calculation of reaction rates from experimental data; General 

reaction kinetics for biological systems; Zero-order kinetics; Michaelis-Menten 

kinetics; Determining enzyme kinetic constants from batch data. 

2. Microbial growth: Kinetics of microbial growth; substrate utilization and product 

formation; Structured and unstructured model for growth; Equations for substrate 

utilization and product formation and related numericals. 

3. Reactor design: bioreactor configurations; Stirred tank; Airlift reactor; Packed bed; 

Monitoring and control of bioreactors; Ideal reactor operation; Batch operation of a 

mixed reactor; Total time for batch reaction cycle; Fed-batch operation of a mixed 

reactor; Continuous operation of a mixed reactor; Chemostat cascade; Continuous 

operation of a plug flow reactor; Detailed studies on the batch, continuous and fed-

batch bioreactors.  

4. Agitation: Need of agitation in aerobic fermentation; Effect of agitation; How 

agitation helps aeration; different types of agitational methods; impeller design and 

relationship with the characteristics of the fluid; flow behaviour etc. 

5. Aeration: Need of aeration in aerobic fermentation; Effect of aeration; How aeration 

helps agitation; different types of aeration methods; aeration in high density 

fermentation; aeration in qualescence and non-qualescence medium; flow behaviour 

etc. 

6. Sterilization of air and medium: Different methods of sterilization; Kinetics of 

sterilization; batch and continuous sterilization; advantages and disadvantages thereof; 

Calculation of del factor and solving of numerical. 

7. Mass transfer: Mass and energy balance in microbial processes; Resistance 

encountered in fermentation medium by the oxygen molecule; Role of dissolved 

oxygen concentration in mass transfer; Determination of mass transfer co-efficient 

(KLa), Factors affecting KLa and their relationship. 

8. Heat transfer in bioreactors: Mechanisms of heat transfer; heat transfer between 

fluids; Calculation of heat transfer co-efficients; Heat transfer equipment; Steady state 

conductance; LMTD calculation; Relationship between heat transfers; Cell 

concentration and stirring conditions. 

9. Dimensional analysis: Various types of dimensionless analysis in terms of mass 

transfer; Heat transfer and momentum transfer; Importance of dimensionless number 

in designing the bioreactors; heat exchangers etc. 

10. Scale-up: Principles and criteria; Different methods of scale up and the detailed 

analysis with case studies; Instrumentation and control of bioprocesses. 

READING MATERIAL 

 

1. Bioprocess engineering: Basic concept by Michael L. Shuler, Fikret Karg 

2. Bioprocess engineering Principles by Pauline M. Doran 

3. Biochemical Engineering Fundamentals by James Edwin Bailey, David F. Ollis 

4. Principles of Fermentation Technology by Peter F. Stanbury, Allan Whitaker, Stephen 

J. Hall 

5. Biotol series (This series has many books pertaining to all fields of Biotechnology, 

students have to select the books as per the topic of interest) 


