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COURSE SYLLABUS: 

CHEE 380, BIOCHEMICAL ENGINEERING (F 3-0-.5   3.5 ) 

COURSE DESCRIPTION 

Biochemical Engineering involves the application of Chemical Engineering principles and approaches to 

biologically-based systems and processes. Biochemical Engineering is central to the area of environmental 

engineering, and to biotechnology processes which produce pharmaceuticals, fine chemicals and 

genetically-engineered products. The course involves a systematic and quantitative description of medium 

formulation and sterilization, microbial kinetics and bioreactor design, product isolation and purification, 

and examples of current industrial practices and processes (0/0/0/30/12). 

OBJECTIVES AND OUTCOMES 

The objective of this course is to develop a systematic and quantitative description of medium 

formulation, medium and equipment sterilization, cell growth kinetics, bioreactor and bioprocess design, 

and product isolation and purification. Students will be introduced to several current biochemical 

engineering based processes.  

The specific course learning outcomes (CLOs) include for the student to: 

1. Design culture medium based on nutritional requirements of microbial cells.  

2. Specify design criteria for medium sterilization and solve problems involving both batch and 

continuous sterilization.  

3. Apply the principles of microbial growth kinetics in bioreactors.  

4. Simulate and evaluate bioreactor performance.  

5. Apply mass and heat transfer correlations to bioreactor design.  

6. Design a complete bioreactor based on targets, constraints and physical properties.  

7. Identify suitable process instrumentation for monitoring and control of bioreactors.  

8. Know and select process unit operations for product recovery and purification. 

This course assesses the following attributes: 

Knowledge base for engineering (CLO 1-4):  

• Applies knowledge of cellular processes to engineering problems (KB-BIO-1);  

• Applies foundations of mathematics, science, and engineering in the biological setting (KB-BIO-2);  

• Solves problems involving convective mass transfer using appropriate correlations (KB-MT-3);  

• Solves problems involving convective heat transfer using appropriate correlations (KB-HT-3).  

Design (CLO 5-8):   

• Develops detailed specifications incorporating performance requirements, constraints and 

assumptions (DE-3).  
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RELEVANCE TO THE PROGRAM 

CHEE 380 is a core course for Chemical Engineering students. It is an introductory course in Biochemical 

Engineering and builds upon principles of fluid mechanics, thermodynamics, heat and mass transfer (CHEE 

223, 210, 330), and cell biology introduced in CHEE 229. The concepts learned in this course are utilized in 

subsequent courses dealing with environmental and biochemical processes. 

COURSE STRUCTURE AND ACTIVITIES 

3 lecture hours + 1 tutorial hour per week.  Refer to Queen’s online tools for schedule and location. 

EXPECTATIONS FOR LECTURES/TUTORIALS  

Lecture slides and relevant handouts are posted in advance on Queen’s Learning Management System 

(LMS, online). Lectures include examples and problem solutions not contained in the posted slides. 

Students are expected to bring lecture slides to class. Problem sets will be posted to help students apply 

course concepts. Tutorials are geared toward solving problems relevant to the problem sets. Students are 

expected to bring a copy of the relevant problem sets in addition to other helpful handouts to the tutorials. 

Maximum benefits can be gained only if students come prepared for the tutorial sessions by studying the 

questions in advance. Please note that material posted online is incomplete and is intended to support 

note-taking during lecture. Full lecture notes and worked examples will not be posted online. 

RESOURCES 

There is no assigned textbook for this course. The material covered comes from several resources, which 

include:  

 

Bioprocess Engineering: Basic Concepts, 3rd Edition. ML Shuler, F Kargi and M. DeLisa, 2017 (available 

online through Queen’s Library).  

 

The following textbooks are available at Stauffer Library on reserve – 3-hour loan: 

Biochemical Engineering Fundamentals, JE Bailey, DF Ollis, 1986.  

Bioprocess Engineering: Basic Concepts, 2nd Edition. ML Shuler and F Kargi, 2002.  

Bioprocess Engineering Principles, PM Doran, 1995.  

Biochemical Engineering. HW Blanch, DS Clark, 1997.  

All course materials (e.g. class notes; tutorials; assignments; problem sets; handouts, etc.) are available 

on the LMS. If you are registered for the course, you can access this information at 

https://courses.engineering.queensu.ca/.  

TAs and instructor are available for consultation on an open-door policy (appointment by e-mail is 

recommended). If you have any questions, seek help from your study group and TAs first! 

https://courses.engineering.queensu.ca/
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GRADING SCHEME  

Deliverable Week or Date Weight  

2 Quizzes  Week 5 and Week 10 Combined 30% 

2 Assignments (in groups of up o 4 students) Week 6 and Week 11 Combined 20% 

Final Exam Exam period 50% 

 

Students are expected to complete their work in a timely fashion. The course instructor will provide 

notification (in lecture and on course website) of due dates and any revisions thereof. Submissions after 

the due date will be penalized at up to 20% per day unless suitable justification is provided.  

Students must pass the individual examination component (combined marks on quizzes+final) to pass the 

course, as stated by departmental policies (http://www.chemeng.queensu.ca/undergraduate-

studies/Departmental-Undergraduate-Polices.html ) 

HOW TO DO WELL IN THIS COURSE 

This course introduces important concepts in biochemical engineering that range from simple to complex. 

Students are expected to apply the concepts taught in class to solve the problems in assignments, quizzes 

and the exam. Solving of the problems in all the problem sets is necessary, and students are encouraged 

to ask any questions they may have to tackle them.  

To obtain full marks, the complete methodology must be clearly and logically presented; where 

appropriate, clearly labeled diagrams must show the appropriate values and quantities. For questions 

involving multiple parts, partial credit will be given for correct methodology, but the final answer must 

also be correct. If an answer does not reflect the expected outcome, provide comments, using critical 

analysis skills, to point out any outstanding issue. All relevant assumptions must be stated, and proper 

units must always be included. 

ACADEMIC INTEGRITY 

Engineers have a duty to: 

• Act at all times with devotion to the high ideals of personal honour and professional integrity 

• Give proper credit for engineering work 
-Professional Engineers Ontario Code of Ethics, Section 77 of the O. Reg. 941 
http://peo.on.ca/index.php?ci_id=1815&la_id=1 

The quote above describes the standard of behaviour expected of professional engineers. As engineering 

students, you have decided to join us in the profession of engineering, a long-respected profession with 

high standards of behaviour.  

http://www.chemeng.queensu.ca/undergraduate-studies/Departmental-Undergraduate-Polices.html
http://www.chemeng.queensu.ca/undergraduate-studies/Departmental-Undergraduate-Polices.html
http://peo.on.ca/index.php?ci_id=1815&la_id=1
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As future engineers, we expect you to behave with integrity at all times. Our policies do not prohibit you 

from collaborating, even closely, with fellow learners in any class. Indeed, we strongly encourage 

collaboration and teamwork, when conducted responsibly. We have however, set firm guidelines on the 

quality of submitted work and have taken a strong stand against plagiarism and other forms of academic 

dishonesty.  Briefly stated, we expect that submitted work bears the name of all those contributing to it, 

and that you do not allow others to copy your work.  

Should a student’s submitted work be suspected of containing evidence of academic dishonesty, action 

shall be taken, as required by the Faculty of Engineering and Applied Science policy on academic integrity: 

http://engineering.queensu.ca/policy/Honesty.html 

Additional information on the University’s policies concerning academic dishonesty can be found on the 

Queen’s website. All learners are expected to familiarize themselves with these policies and to conduct 

themselves accordingly. 

• Senate Academic Integrity Policy Statement  

• Procedures for dealing with departures from academic integrity in the Faculty of Engineering and 
Applied Science 

• Queen's University Code of Conduct 

INDIVIDUAL NEEDS AND SUPPORT 
Learners with diverse learning styles and needs are welcome at Queen’s. In particular, if you have a 

disability or health consideration that may require accommodations, please feel free to approach the 

instructor and/or Queen’s Student Accessibility Services (QSAS) as soon as possible.  The Accessibility 

Services staff is available by appointment to develop individualized accommodation plans, provide 

referrals and assist with advocacy. The sooner you let us know your needs, the better we can assist you in 

achieving your learning goals at Queen’s. For further information, visit the Student Wellness Services 

website.  The course LMS complies with common accessibility standards and every effort has been made 

to provide course materials that are accessible.  If you find any element of this course difficult to access, 

please discuss with your instructor how you can obtain an accommodation. 

ACADEMIC AND STUDENT SUPPORT 
Queen’s has a robust set of supports available to you including the Library, Student Academic Success 

Services (Learning Strategies and Writing Centre), and Career Services.  Learners are encouraged to visit 

the Faculty of Engineering and Applied Science Current Students web portal for information about various 

other policies such as academic advisors, registration, student exchanges, awards and scholarships, etc. 

 

http://engineering.queensu.ca/policy/Honesty.html
http://www.queensu.ca/secretariat/policies/senate/academic-integrity-policy-statement
http://engineering.queensu.ca/policy/Honesty.html
http://engineering.queensu.ca/policy/Honesty.html
http://www.queensu.ca/registrar/resources/policies/university-code-conduct
http://queensu.ca/studentwellness/
http://www.desire2learn.com/products/accessibility/standards/
http://library.queensu.ca/
http://sass.queensu.ca/
http://sass.queensu.ca/
https://careers.sso.queensu.ca/home.htm
http://engineering.queensu.ca/Current-Students/
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COURSE SCHEDULE 

CHEE 330       ||     Module overview 

Course learning outcomes (CLO): Students will be able to: 

1. Design culture medium based on nutritional requirements of microbial cells.  
2. Specify design criterion for medium sterilization and solve problems involving both batch and continuous sterilization.  
3. Apply the principles of microbial growth kinetics in bioreactors.  
4. Simulate and evaluate bioreactor performance.  
5. Apply mass and heat transfer correlations to bioreactor design.  
6. Design a complete bioreactor based on targets, constraints and physical properties.  
7. Identify suitable process instrumentation for monitoring and control of bioreactors.  
8. Knowledge and selection of process unit operations for product recovery and purification.  

Students are expected to augment lecture material through applied work in tutorials,  
and to practice execution of course principles by completing posted problem sets 

Time Lecture approach* and content Practice** Assessment*** 

Weeks 1-4 MODULE 1: Medium Formulation, Batch and Continuous Sterilization.  

• Nutritional requirements and sources.  

• Cellular elemental composition and cell yields.  

• Microbial death kinetics. Design criterion for sterilization.  

• Batch and continuous sterilization of medium. Air sterilization.  
 
Lectures: 

1. Outline 
2. Introduction 
3. Products and Background Review 

3.1 Products of Biochemical Engineering 
3.2 Cell Structure and Function 
3.3 Cell Metabolism 

4. Medium Formulation 
4.1 Nutrient Requirement 
4.2 Growth Media 
4.3 Elemental Balances 

5. Sterilization 
5.1 Thermal Death 
5.2 Batch Sterilization 
5.3 Continuous Sterilization 

Tutorials  
1,2,3 

 
 

Problem Sets 
0,1,2 

Material is included in Quiz 1 and on final 
exam (CLO 1,2) 
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Time Lecture approach* and content Practice** Assessment*** 

Quiz 1 
(Week 5) 

 
Covers weeks 1-4  

Review  Quiz 1 Questions may include multiple 

choice, true or false, and problems which 
target CLO 1-2, worth 15% 

Weeks 5-7 MODULE 2: Growth Kinetics.  

• Phases of batch growth.  

• Monod kinetics.  

• Volumetric rates, specific rates and yields.  

• Continuous bioreactors and bioreactor performance.  
 
Lectures: 

6. Growth Kinetics 
6.1 Microbial Growth 
6.2 Growth Models 
6.3 Growth in Bioreactors 

Tutorials 
4,5 

 
Problem Set 

3 
 

Material is included in Quiz 2 and on final 
exam (CLO 3,4) 

 

 

Assignment #1 (Wk 6; worth 10%) 

Weeks 8-9 MODULE 3: Transport Phenomena in Bioreactors.  
Design of Bioreactors.  

• Oxygen transport.  

• Agitation and power requirements for mixing.  

• Bioreactor design based on oxygen demand and supply.  

• Heat transfer.  

• Solving bioreactor design problems  
 
Lectures: 

7. Transport in Bioreactors 
7.1 Oxygen Requirements 
7.2 Mixing 
7.3 Design Sequence 
7.4 Heat Transfer 

Tutorials 
6,7 

 
Problem Set 

4 

Material is included in Quiz 2 and on final 
exam (CLO 5,6) 

 

Quiz 2 
(Week 10) 

 
Covers weeks 5-9  

Review  Quiz 2 Questions may include multiple 

choice, true or false, and problems which 
target CLO 3-5, worth 15% 
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Time Lecture approach* and content Practice** Assessment*** 

Weeks 10-12 MODULE 4: Bioreactor Monitoring and Control.  
Product Recovery.  

• Physical and chemical sensors for monitoring and control.  

• Cell separation.  

• Product isolation and purification.  

• Examples of Industrial processes.  
 
Lectures: 

8. Monitoring, Control and Design Considerations 
9. Recovery 

9.1 Separation 
9.2 Centrifugation and Cell Disruption 
9.3 Isolation 
9.4 Purification 

10. Industrial Processes (examples) 
11. Process Validation and Good Manufacturing Practices 

Tutorials 
8,9 

 
Problem Sets 

5,6 
 

Material is included on final exam  
(CLO 7,8) 

 

 

Assignment #2 (Wk 11; worth 10%) 

 

FINAL EXAM  
Covers the entire semester 

 
Review 

Final EXAM Questions may include 

multiple choice, true or false, and 
problems which target all CLOs, worth 50% 

 

* Lecture content delivery through lecture materials available in power-point, in-class examples and solutions, true or false trivia. 
** Review lectures are sometimes presented during the tutorial time slots. Quizzes will be held during Tutorial periods.  
*** Course Learning Objective addressed, and % of grade for each assessment. 

 


