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4.0 Rationale and Admission Requirements for New Program/Concentration 

6.0 Total Credits or CEUs (if latter, indicate “CEUs” in box) 7.0 Consultation with 
      Related Units                      Yes  X      No 
       

      Financial Consult                 Yes  X        No 
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1.0 Degree Title 
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2.0 Administering Faculty or GPS 

  

1.1 Major (Subject/Discipline) (30-char. max.)       Offering Faculty & Department 

  

1.2 Concentration (Option) (30 char. max.) 3.0 Effective Term of Implementation 
      (Ex. Sept. 2019 or 201909) 
      Term 

   

1.3 Complete Program Title (info from boxes 1.0+1.1+1.2+5.2)   

5.0 Program Information 
      Indicate an “x” as appropriate  

  

5.1 Program Type 

      Bachelor’s Program 

  X  Master’s  

      M.Sc.(Applied) Program 

      Dual Degree/Concurrent Program 

      Certificate 

      Diploma 

      Graduate Certificate 

      Graduate Diploma 

      Professional Development Cert                 

      Ph.D. Program 

      Doctorate Program 

      (Other than Ph.D.) 

      Self-Funded/Private Program 

      Off-Campus Program 

      Distance Education Program 

      Other (Please specify) 
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       Faculty Program (FP) 

       Major 

       Joint Major 

       Major Concentration (CON) 

       Minor 

       Minor Concentration (CON) 

       Honours (HON) 
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       Internship/Co-op 

       Thesis (T) 

  X   Non-Thesis (N) 

       Other 

       Please specify 
 

5.3 Level 

     Undergraduate 

     Dentistry/Law/Medicine 

     Continuing Studies (Non-Credit) 

     Collegial 

X   Masters & Grad Dips & Certs 

     Doctorate 
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There is a strong demand from industrial and institutional partners in biomanufacturing for highly qualified personnel who possess thorough knowledge in 
advanced industrial technologies and process analytical technologies along with hands-on experience in processing of biologics. The Biomanufacturing 
Option aims to deepen the knowledge of bioengineers through additional specialized courses and expose students to process development, manufacturing, 
and project management regulatory compliance through projects pursued in an internship at an academic, industrial, or governmental laboratory. Applicants 
must hold a Bachelor's degree in engineering, science, or medicine with a strong background in mathematics and the physical sciences, and some 
exposure to the life sciences (physiology, cell biology, or molecular biology).   
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New Program/Concentration Proposal Form P1-2 

8.0 Program Description (Maximum 150 words) 

9.0 List of proposed new Program/Concentration 
 
      If new concentration (option) of existing program, a program 
      layout (list of all courses) of existing program must be attached. 
       
      Proposed program (list courses as follows: Subj Code/Crse Num, Title, Credit Weight 

       under the headings of: Required Courses, Complementary Courses, Elective Courses) 
 

The M.Eng in Biological and Biomedical Engineering (Non-Thesis) - Biomanufacturing focuses on the life sciences, the physical sciences, and 

engineering, industrial practices and processes, and data science for application in the field of biomanufacturing. Hands-on experience available 
through projects carried out during internships in academic, industrial, and governmental laboratories. 

M.Eng. Biological and Biomedical Engineering (Non-Thesis) - Biomanufacturing (45 credits) 
 
Required Courses (21 credits) 
 
BBME 681 Internship 1 (9 credits)* 
BBME 682 Internship 2 (9 credits)* 
*must take place in the Biomanufacturing sector 
 
 
BBME 600D1 Seminars in Biological and Biomedical Engineering (1.5 credits) 
BBME 600D2 Seminars in Biological and Biomedical Engineering (1.5 credits) 
or 
BBME 600N1 Seminars in Biological and Biomedical Engineering (1.5 credits) 
BBME 600N2 Seminars in Biological and Biomedical Engineering (1.5 credits) 
 
 
Complementary Courses (24 credits) 
 
Minimum of 18 credits from the following three lists of core courses. At least 12 credits must be chosen from 
biomanufacturing core courses. At least 12 credits must be chosen from BBME core courses, of which at least 6 credits 
must be chosen from quantitative courses.  
 
Biomanufacturing Core: 
BIEN 500 Special Topics in Bioengineering 1 (3 credits) 
BIEN 580 Synthetic Biology (3 credits)  
BIEN 585 Metabolic Engineering (3 credits) 
BIEN 590 Cell Culture Engineering (3 credits) 
BIEN 670 Downstream Processing (3 credits) 
BIEN 675 Process Analytical Technologies and Data Sciences (3 credits) 
BIEN 680 Bioprocessing of Vaccines (4 credits)  
BIEN 685 Gene and Cell Therapy Viral Vectors Biomanufacturing (3 credits) 
BMDE 505 Cell and Tissue Engineering (3 credits) 
CHEE 512 Stem Cell Bioprocess Engineering (3 credits) 
CHEE 651 Advanced Biochemical Engineering (4 credits)  
 
BBME Core (Quantitative): 
BIEN 510 Engineered Nanomaterials for Biomedical Applications (3 credits) 
BIEN 530 Imaging and Bioanalytical Instrumentation (3 credits) 
BIEN 550 Biomolecular Devices (3 credits) 
BIEN 560 Design of Biosensors (3 credits) 
 
[continued]  
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9.0 List of proposed new Program/Concentration 
 
      If new concentration (option) of existing program, a program 
      layout (list of all courses) of existing program must be attached. 
       
      Proposed program (list courses as follows: Subj Code/Crse Num, Title, Credit Weight 

       under the headings of: Required Courses, Complementary Courses, Elective Courses) 
 

M.Eng. Biological and Biomedical Engineering (Non-Thesis) - Biomanufacturing (45 credits) 
 
[continued] 
 
BIEN 570 Active Mechanics in Biology (3 credits) 
BIEN 590 Cell Culture Engineering (3 credits) 
BMDE 502 BME Modelling and Identification (3 credits) 
BMDE 503 Biomedical Instrumentation (3 credits) 
BMDE 512 Finite-Element Modelling in Biomedical Engineering (3 credits) 
BMDE 519 Biomedical Signals and Systems (3 credits) 
BMDE 520 Machine Learning for Biomedical Data (3 credits) 
BMDE 610 Functional Neuroimaging Fusion (3 credits) 
 
BBME Core (Non-Quantitative): 
BIEN 535 Electron Microscopy and 3D Imaging for Biological Materials (3 credits)  
BIEN 540 Information Storage and Processing in Biological Systems (3 credits)  
BIEN 580 Synthetic Biology (3 credits)  
BIEN 680 Bioprocessing of Vaccines (4 credits)  
BMDE 501 Selected Topic in Biomedical Engineering (3 credits)  
BMDE 504 Biomaterials and Bioperformance (3 credits)  
BMDE 505 Cell and Tissue Engineering (3 credits) 
BMDE 508 Introduction to Micro and Nano-Bioengineering (3 credits)  
BMDE 525D1 Design of Assistive Technologies: Principles and Praxis (3 credits) 
BMDE 525D2 Design of Assistive Technologies: Principles and Praxis (3 credits)  
BMDE 650 Advanced Medical Imaging (3 credits)  
BMDE 654 Biomedical Regulatory Affairs - Medical Devices (3 credits) 
 
Remaining complementary course credits must come from core or non-core complementary courses chosen from 
BBME courses or from other courses, at the 500 level or higher. The selection of courses must have the prior written 
approval of the Graduate Program Director. 
  

Attach extra page(s) as needed 
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REMINDERS:   
*Box 5.4 – Must be completed; see section 6.5.4 within the New Program Guidelines at:  
https://www.mcgill.ca/sctp/guidelines.  
**All new program proposals must be accompanied by a 2-3 page support document. 
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Existing Program: M.Eng.; Biological and Biomedical Engineering Non-Thesis (45 credits) 

  
  Internship Courses (18 credits) 
BBME 681 Internship 1 (9 credits) 
BBME 682 Internship 2 (9 credits) 
 
Required Courses (3 credits) 
BBME 600D1 Seminars in Biological and Biomedical Engineering (1.5 credits) 
BBME 600D2 Seminars in Biological and Biomedical Engineering (1.5 credits) 
 
OR 
 
BBME 600N1 Seminars in Biological and Biomedical Engineering (1.5 credits) 
BBME 600N2 Seminars in Biological and Biomedical Engineering (1.5 credits) 
 
 
Complementary Courses (24 credits) 
Minimum of 12 credits must come from the core courses listed below. At least 6 credits must be chosen from the “quantitative” courses 
listed below:  
 
Quantitative Core Courses: 
BIEN 510 Engineered Nanomaterials for Biomedical Applications (3 credits) 
BIEN 530 Imaging and Bioanalytical Instrumentation (3 credits) 
BIEN 550 Biomolecular Devices (3 credits) 
BIEN 560 Design of Biosensors (3 credits) 
BIEN 570 Active Mechanics in Biology (3 credits) 
BIEN 590 Cell Culture Engineering (3 credits) 
BMDE 502 BME Modelling and Identification (3 credits) 
BMDE 503 Biomedical Instrumentation (3 credits) 
BMDE 512 Finite-Element Modelling in Biomedical Engineering (3 credits) 
BMDE 519 Biomedical Signals and Systems (3 credits) 
BMDE 520 Machine Learning for Biomedical Data (3 credits) 
BMDE 610 Functional Neuroimaging Fusion (3 credits) 
BMDE 660 Advanced MR Imaging and Spectroscopy of the Brain (3 credits)  
MDPH 607 Medical Imaging (3 credits) 
 

    Non-Quantitative Core Courses: 
BIEN 535 Electron Microscopy and 3D Imaging for Biological Materials (3 credits)  
BIEN 540 Information Storage and Processing in Biological Systems (3 credits)  
BIEN 580 Synthetic Biology (3 credits)  
BIEN 680 Bioprocessing of Vaccines (4 credits)  
BMDE 501 Selected Topic in Biomedical Engineeirng (3 credits)  
BMDE 504 Biomaterials and Bioperformance (3 credits)  
BMDE 505 Cell and Tissue Engineering (3 credits) 
BMDE 508 Introduction to Micro and Nano-Bioengineering (3 credits)  
BMDE 510 Topics in Astrobiology (3 credits)  
BMDE 525D1 Design of Assistive Technologies: Principles and Praxis (3 credits) 
BMDE 525D2 Design of Assistive Technologies: Principles and Praxis (3 credits)  
BMDE 650 Advanced Medical Imaging (3 credits)  
BMDE 651 Orthopaedic Engineering (3 credits)  
BMDE 654 Biomedical Regulatory Affairs - Medical Devices (3 credits) 

 
The remaining 12 credits of complementary courses must come from core or non-core complementary courses chosen from BBME courses or 
from other courses, at the 500 level or higher. At least 6 of the 12 credits must have both life sciences content and content from the physical 
sciences, engineering, or computer science. The selection of courses must have the prior written approval of the Graduate Program Director. 

 



M.Eng BBME (Non-Thesis): Biomanufacturing - Rationale

Background 

Biomanufacturing as a government priority 

The unprecedented health and economic impact of COVID-19 confirmed the need for a more robust and 
innovative biomanufacturing sector to rapidly translate Canadian biomedical discoveries to market and support 
the manufacturing of vaccines and biotherapeutics in emergency situations.  

Importantly, the Government of Canada recognizes that a robust domestic biomanufacturing sector is critical to 
ensuring future pandemic preparedness. As a result, the Government of Canada announced recently a renewed 
investment strategy to “protect Canadians from COVID-19 and ensure the country is well positioned to fight future 
pandemics.”1 The biomanufacturing strategy is based on five pillars: 

1. Strong and Coordinated Governance

2. Laying a Solid Foundation by Strengthening Research Systems and the Talent Pipeline

3. Growing Businesses by Doubling Down on Existing and Emerging Areas of Strength

4. Building Public Capacity

5. Enabling Innovation by Ensuring World Class Regulation

Accordingly, the government is allocating $2.2 billion over seven years to “continue growing a strong and 
competitive sector and to ensure Canada is prepared for future pandemics.” This follows a broad consultation 
involving key Canadian stakeholders, including McGill, which contributed through different channels to this 
consultation.2 As summarized in the McGill consultation document:  “Growth in Canada’s biomanufacturing relies 
on the creation of an ecosystem that includes excellence in discovery and design of biologics, synthetic biology, 
process development, optimization, scale up, validation, quality control, operational logistics and, as well as 
adequate supply chain expertise with strength in artificial intelligence that will support next generation process 
analytical technologies to advance bio-innovation and biomanufacturing.” 

This recent initiative adds to the $1.2 billion allocated to the industrial sector for accelerating the development of 
vaccines & biotherapeutics and increasing manufacturing capacity, including those at Sanofi-Pasteur, Toronto; 
Resilience biologics, Mississauga; Medicago, Quebec; Biodextris, Laval; NRC-Royalmount site, Montreal. This 
budget line invests $425 million in Quebec, for 10 projects.3 

Thus, given the current priority given to the biomanufacturing industry, we are proposing a Biomanufacturing 
option/concentration within the M.Eng (Non-Thesis) degree program. Our proposed program would further 
meet the needs of the market and for training. 

The need for training 

Critical to the successful operation of the biomanufacturing facilities is the careful training of personnel that need 
to be considered at the design stage of any current Good Manufacturing Practice (cGMP manufacturing) capacity. 
All the pillars listed before and all sustainable renewed industrial biomanufacturing operations stress the critical 
need for a highly skilled workforce to support the rapid growth of the biomanufacturing activities and to enable 
sustainable innovation in the sector. We elaborate on this significantly in Appendix 1.  

1 https://www.canada.ca/en/innovation-science-economic-development/news/2021/07/the-government-of-
canada-announces-biomanufacturing-and-life-sciences-strategy.html 
2 https://www.ic.gc.ca/eic/site/151.nsf/eng/00018.html 
3 https://www.ic.gc.ca/eic/site/151.nsf/eng/00006.html#Quebec 

https://www.canada.ca/en/innovation-science-economic-development/news/2021/07/the-government-of-canada-announces-biomanufacturing-and-life-sciences-strategy.html
https://www.canada.ca/en/innovation-science-economic-development/news/2021/07/the-government-of-canada-announces-biomanufacturing-and-life-sciences-strategy.html
https://www.ic.gc.ca/eic/site/151.nsf/eng/00018.html
https://www.ic.gc.ca/eic/site/151.nsf/eng/00006.html#Quebec


Employee training and retraining is central to developing highly qualified personnel with up-to-date expertise in 
synthetic biology, bioprocess engineering, process analytical technologies and data sciences to master the 
diversity and complexity of biological expression systems and biomanufacturing processes within a highly 
regulated environment. High level managers from the National Research Council of Canada, responsible of the 
two recently Government of Canada funded initiatives: the NRC-Royalmount Biomanufacturing facility (BMC, 
Montreal, QC) and the NRC Royalmount - Clinical Trial Material Facility (CMTF, Montréal, Quebec) underlined their 
strong desire to enter into long-term agreements with McGill to support the Canadian Biomanufacturing initiative 
with a short term action plan to support the training and retraining of highly qualified personnel in 
biomanufacturing. 

Preliminary analyses in consultation with experts in the field from industry and governmental partners reveal a 
talent gap among the graduates with advanced degrees equipped with knowledge, technical and soft skills to 
support the rapid growth of the biomanufacturing R&D and operations funded by the Government of Canada and 
Provincial Governments. A lack of infrastructure for dedicated to hands-on training and access to pilot-scale 
manufacturing facilities has been also identified.  

Our program aims to address this gap and respond to the need, by offering relevant and  biomanufacturing core 
courses required for Biomanufacturing students and providing them with a biomanufacturing internship that will 
equip them with the specific knowledge and skills required to succeed in the field (please review Appendix 1 for 
more details).  

Why we are well positioned to offer this program 

At McGill, in particular, there are very well-established groups and facilities dedicated to bioprocessing (in the 
bioengineering and chemical engineering departments) that cover a large scope of bioprocessing and 
biomanufacturing of viral vectors and vaccines and cellular therapies. These groups and facilities are well 
connected and operate in synergy with core facilities including the McGill genomics centre, Infectious diseases 
center, and regenerative medicine center. The groups also built solid alliances with experts from Ecole 
Polytechnique of Montreal, UdM and Laval University as well as other Canadian Universities (Waterloo, Guelph, 
Western Ontario) and key industrial partnership such as Sanofi-Pasteur, Biodextris, Resilience Biotech, Medicago, 
and GSK, which might be the impetus for the creation of a biomanufacturing Hub. 

Taking advantage of McGill’s existing strengths, and embedded in medium and long-term planning at McGill to 
create capacity in order to support the biomanufacturing initiative, a short-term action plan consists of 
contributing to the talent creation pillar by enabling students with expertise in advanced biological expression 
systems, bioprocess engineering, process analytical technologies and data sciences, regulatory and quality control 
frameworks for vaccines and biotherapeutics manufacturing, and soft skills required to support industrial R&D and 
biomanufacturing operations. Our program Biomanufacturing option/concentration will be building on McGill 
existing assets to respond to the urgent need of highly qualified personnel. 

The program 

Th 45-credit M.Eng in Biological and Biomedical Engineering (Non-Thesis): Biomanufacturing option program 
builds on already existing courses in the BBME master degree curriculum, such as: 

• BIEN 590 Cell Culture Engineering (3 credits);

• BIEN 680 Bioprocessing of Vaccines (4 credits); 

• CHEE 651 Adv Biochemical Engineering (4 credits)

As well as basic biological engineering courses, such as: 

• BMDE 505 Cell and Tissue Engineering; 

• BIEN 580 Synthetic Biology (3 credits);  

https://www.mcgill.ca/study/2017-2018/courses/bien-590
https://www.mcgill.ca/study/2021-2022/courses/BIEN-680
https://www.mcgill.ca/study/2021-2022/courses/CHEE-651
https://www.mcgill.ca/study/2021-2022/courses/BMDE-505
https://www.mcgill.ca/study/2021-2022/courses/BIEN-580


• BIEN 585 Metabolic Engineering (3 credits).

Additionally, several new graduate courses have been created , including: 

• BIEN 670 Downstream Processing of Biologics (3 credits);

• BIEN 675 Process Analytical Technology and Data Sciences (3 credits);

• BIEN 685 Biomanufacturing of Viral Vectors for Gene and Cell Therapy (3 credits).

These core complementary courses are designed around content related to biomanufacturing and enabling 
technologies such as fundamental in biological expression systems, engineering principles, data sciences and 
modeling applied to biomanufacturing, process design, regulatory requirements for manufacturing biologics, GLP 
and cGMP principles and applications in the field of biomanufacturing. While the selection of biomanufacturing-
related courses are positioned as complementary courses given that we wanted to provide students with 
options, it is important to note that students are required to take 12 credits related to biomanufacturing. 

Also at the core of this Option, the M.Eng. (Non-thesis) Biomanufacturing option/concentration will include two full 
time sessions of an internship in the Biomanufacturing sector (BBME 681 & 682, 9 credits each). The content and 
assessment of the internships will be aimed at the development of soft skills and professional expertise in the 
biomanufacturing area. The internships will be designed to expose the student to industrial, pilot scale or laboratory, 
which may be completed in either the same or different governmental or industrial organizations.  

(Please review Appendix 2 for more details about each course and their relevancy to this program). 

Target audience/admissions 

We believe that given the current market noted above, there will be a strong demand for this program, 
for students aiming to enter the labor force and seeking to learn about process development, manufacturing, 
and project management regulatory compliance through projects pursued in an internship at an academic, 
industrial, or governmental laboratory. Applicants should hold a Bachelor's degree in engineering, science, or 
medicine with a strong background in mathematics and the physical sciences, and some exposure to the life 
sciences (physiology, cell biology, or molecular biology).  



Appendix 1: Need of HQPs in the bio-economy and the biomanufacturing gap 

*This is an elaboration to the previous discussion on the needs of the market and for skilled employees 

COVID-19 has led to a massive shift in Canada’s attitude toward domestic bio-economy as seen from the labour 
market intelligence (LMI) National Report 2021 released by BioTalent Canada.4 The demand for talent is predicted 
to exceed the supply of available HQPs as soon as 2024 in all bio-economy sub-sectors across Canada, with bio-
health making up more than half of it. Insights based on surveys, stakeholder roundtables and interviews, an 
environmental scan and extensive data analysis revealed a faster employment rate in bio-health than any other 
sub-sector in 2020 because of increased pharmaceutical and medicine manufacturing. Additional employment 
demand was generated by hospitals and other organizations conducting clinical trials and related research 
activities. In total, employment was up by 6.8% in 2020, reaching 124,000 jobs. Even with a slight contraction of 
1.1% in 2021, employment will remain above pre-pandemic levels throughout the forecast period (2022 to 2029), 
with modest 1.0% annual growth expected between 2022 and 2024. Stronger employment growth will be seen 
over the medium/longer term, approximately 1.5% annually from 2025 to 2029 due to continued increases in 
health spending as Canada’s population ages. The majority of hiring needs are predicted to replace people leaving 
the workforce. Still, 65,000 additional workers will be needed by 2029. The bio-health sub-sector is projected to 
employ some 126,000 workers by 2024 and more than 131,000 by 2029. Companies will be challenged to fill those 
positions due to a highly competitive labour market, relatively low awareness of bio-economy careers and, in 
many cases, an ongoing lack of HR capacity or capital to attract and retain candidates. Explicitly, nearly two-thirds 
of employers surveyed by BioTalent Canada said they have difficulty recruiting or retaining qualified staff due to 
a lack of skilled, experienced talent. Specifically, bio-economy employers need three types of skills: 

Soft skills: Almost one-third of employers surveyed (30%) said there is a lack of qualified candidates with 
practical/non-academic skills — the essential skills for success such as problem solving, collaboration and 
communication that can be harder to teach than technical skills. 

Technical skills: Employers reported two distinct kinds of technical skills gaps: those due to insufficient post-
secondary training of new graduates and those in existing employees who do not keep up to date with new 
technologies or knowledge related to their occupation. 

Business skills: Companies looking to grow and commercialize innovations said it is important for workers 
(especially those in R&D roles) to have strong business-related knowledge and skills, which help them see the 
bigger picture and understand what’s driving their work. 

For this reason, most jobs in the bio-economy require some form of post-secondary education or training, even 
in less scientific areas such as manufacturing or logistics. Overall, employers’ top pool of candidates is graduates 
from biological and biomedical sciences programs, followed by those with engineering qualifications. Greater 
outreach to students in relevant programs could help address both, as many graduates currently report working 
in jobs unrelated to their studies and might be willing to relocate for more suitable work that today they don’t 
even know exists. 

While labour shortages are expected for all job functions in Canada’s bio-economy, they are expected to be most 
severe in three areas: manufacturing and production, distribution and logistics, and management, finance and 
administration. By 2029, the hires for roles in manufacturing and production will reach 25%, in R&D 21%, and in 
management, finance and administration 17%. Approximately 36,000 new workers will be needed in the bio-
health sub-sector over the forecast period, nearly 80% of those to replace existing workers. The hiring requirement 
is projected at more than 4,000 workers in each year except 2025, when rising interest rates will limit the sub-
sector’s growth. One-quarter (25%) of bio-health job openings will be for R&D roles, with the next most-needed 
being management, finance and administration functions (16%) and manufacturing roles (14%). After a dip in 
2021, employment in Quebec’s bio-economy is projected to grow annually at 1.0% to 2024. That rate will fall to 
0.7% in the back half of the decade following a contraction in 2025, with total employment reaching 59,500 

 
4 https://www.biotalent.ca/reports/ 

https://www.biotalent.ca/reports/


workers by 2029. Thus, manufacturing capacity will be a particularly urgent area of need, both in the bio-health 
sub-sector and more broadly. 

 

The bio-manufacturing gap 

Canada has a long and impressive history of achievement in health and life sciences innovation, including discovery 
of insulin, development of polio, and Ebola vaccines or the first blood thinner. However, COVID-19 highlighted a 
significant gap in the Canadian bio-economy: bio-manufacturing and processing capacity. Canada was initially 
unable to produce sufficient personal protective equipment (PPE) to meet its needs and had no domestic capacity 
to develop and manufacture vaccines. Commitments have been made to build facilities to remedy this, but those 
facilities will require skilled people to operate them — a supply of talent does not currently exist. 

Estimates suggest Canada will need an additional 16,140 bio-manufacturing workers by 2029 (5,160 in bio-health 
manufacturing alone), even without taking into account expansion growth due to recently announced 
investments. Only 25% of those positions will be fillable by predicted supply during this time period. The hiring 
requirements projected at the national level also apply to each region across Canada, with most new hires needed 
to replace people leaving the workforce, especially for manufacturing and production roles. Roughly 15,500 
additional workers will be needed in Quebec by 2029, with 85% of the hiring requirement driven by replacement 
demand. The largest proportion of new hires will be for positions in manufacturing and production (25%) and R&D 
(20%).  

To address the labour needs of the bio-economy to 2029, based on the findings of the recent labour market 
intelligence (LMI) study, BioTalent Canada recommends the following: 

1. Boost work-integrated learning by incorporating it into more programs 

2. Diversify recruitment and human resources practices to reach a broader and more diverse talent pool 

3. Create a wage subsidy program for immigrants to reduce the perceived risk of hiring immigrants 

4. Forge pathways for international students and IEPs to integrate international talent into the labour 
market 

5. Support reskilling initiatives to expand the talent pool 

6. Foster bio-economy mobility to expand the talent pools for companies not located near educational 
hubs 

7. Raise awareness of bio-economy career opportunities through greater outreach to students and 
graduates 

 

 
 
 
 
 
 
 
 
 
 
 
 
 



Appendix 2: Core Biomanufacturing courses – rationale and description 

 

BIEN 500 Special Topics in Bioengineering 1 (3 credits) 

Rationale: The Bioengineering Program does not yet have a special topics course and we believe that the students 
will greatly benefit from having specialized or updated content that is not covered by the existing curriculum. 

Course content: will cover advanced cGMP biomanufacturing, regulatory requirements and ethics for 
biomanufacturing through seminars by experts in their fields. 

 

BIEN 580 Synthetic Biology (3 credits) 
Rationale: This course is an expected continuation to our existing 300- and 400-level course in bioengineering in 
which students learn about foundational engineering design in different fields of biology, such as biochemical, 
biomolecular or biomedical engineering. We have not previously offered a good follow up course in this subject, 
which resulted in lack of clear overview of the full potential of bioengineering and synthetic biology in the student 
knowledge and way of thinking. 

Course description: Spanning the boundary of biology, engineering, and physics, Synthetic Biology is broadly 
defined as the construction and reconstruction of biological systems for practical applications in research and 
industry. Covering major topics in this rapidly evolving field, the planned activities aims to equip students with 
foundational skills and critical mindsets required for Synthetic Biology research. Emphasis is placed on 
fundamental knowledge and central technologies: engineering principles in biology, BioBricks and standardization 
of biological components, parts registries, advanced molecular biology tools for DNA assembly, genome editing, 
high-throughput genetic manipulation methods, construction of biological pathways, strategies for transcriptional 
control, examples of engineered systems. 

 

BIEN 585 Metabolic Engineering (3 credits)   

Rationale: This course will complement well our existing 400- and 500- Bioengineering courses related to 
biomolecular, cell culture, and tissue engineering, in particular our existing advanced course on Cell Culture 
Engineering (BIEN 590) and on Synthetic Biology (BIEN 580). We have not previously offered a course in this 
subject, which created a gap in student preparation.  

Course description: Metabolic engineering role in transition from fossil resources to a bio-based society. Design-
build-test-learn cycle of metabolic engineering. Design, genetic engineering and optimization of microbial 
biocatalysts. Metabolic network analysis, constraint-based modelling of metabolism, microbial production of 
valuable chemicals. General biochemical engineering practices. Recombinant DNA technology, enzyme function, 
kinetics and regulation. Cell chemistry, structure and function. Growth models, fermentation, strain development. 
Case studies. 

 

BIEN 500 Cell Culture Engineering (3 credits) 

Rationale: In the past decades there has been a significant shift from traditional bacterial fermentations to 
mammalian cell productions of biologics, including monoclonal antibodies and vaccines. This trend is currently 
well established with a global market over 150 billion US-$. and well documented among cell culture engineering 



experts. However, with some exceptions, this topic is not covered in any of the usual biochemical engineering 
courses in academia and the accumulated knowledge and expertise remain confined to a highly specialized cell 
culture engineering community. Therefore, this course has been designed to address this knowledge gap and 
better prepare graduate students in Bioengineering to their future professional environment. This would also be 
available as a complementary course in the B.Eng. Bioengineering and will replace BIOC 311 Metabolic Chemistry. 

Course description: Basic principles of cell culture engineering, cell line development and cell culture products; 
genomics, proteomics and post-translational modifications; elements of cell physiology for medium design and 
bioprocessing; bioreactor design, scale-up for animal cell culture and single use equipment; challenges in 
downstream processing of cell-culture derived products; process intensification: fed-batch, feeding strategies and 
continuous manufacturing; scale-down and process modeling; Process Analytical technologies and Quality by 
Design (QbD) concept. 

 

BIEN 670 Downstream Processing of Biologics (3 credits) 

Rationale: This course complements effectively existing 500- Bioengineering courses series related to 
biomolecular, cell culture, and tissue engineering. Existing advanced course on Synthetic Biology (BIEN 580), 
Metabolic Engineering (BIEN 585) and Cell Culture Engineering (BIEN 590) are all related to upstream processing. 
Currently no advanced course on downstream processing of biologics is offered. This course is important for the 
preparation of students to operate in the biomanufacturing sector and as such it will be listed as a mandatory 
course for the Biomanufacturing graduate program. 

Course description: Introduction to downstream processing (DSP) – principles, characteristics, purpose. 
Bioprocesses, biomolecules, drug substances, drug products, monoclonal antibodies and Fc fusion proteins, viral 
vectors, and vaccines. Unit operations - standard practices. Steps and techniques in downstream processing. 
Harvest and Filtration, Primary capture, Buffer exchange and up-concentration, Purification, Bioconjugation, 
Formulation. Optimization of downstream processing. Process Analytical Technology (PAT) to support Quality by 
Design (QbD) in DSP. Regulatory guidelines. Innovative Techniques for Downstream Bioprocessing. 

 

BIEN 675 Process Analytical Technology and Data Sciences (3 credits) 

Rationale: This course complements effectively existing 500- and 600- Bioengineering courses series related to 
biomolecular, cell culture, and tissue engineering. Existing advanced course on Cell Culture Engineering (BIEN 590) 
and Bioprocessing of Vaccines (BIEN 680) are all related to upstream processing. Currently no advanced course on 
Process Analytical Technologies for Biomanufacturing Biologics is offered. This course is important for the 
preparation of students to operate in the biomanufacturing sector and as such it will be listed as a core course for 
the Biomanufacturing graduate program. 

Course description: Introduction to Process Analytical Technologies (PAT) and Quality by Design (QbD)- Concept 
of Critical Quality Attributes (CQA)/Critical Process Parameters (CPP)-Concept of Design Space-Risk Analysis-
Design of Experiments (DoE). Analytical Technologies for Biologics and Biologic Medicines. Process Analytical 
Technologies for Biomanufacturing: At-line, On-line, Off-line monitoring, and data acquisition. Advanced process 
control. Scale down systems for process validation. Process data management and secured storage. Mechanistic 
modeling and Data processing. Basic on Hybrid models and Digital Twin concept. 

 

BIEN 680 Bioprocessing of Vaccines (4 credits) 



Rationale: Vaccination is one of the most valuable medical interventions for reducing the morbidity and mortality 
associated with infectious diseases. Important scientific and technological advancements in vaccinology led to the 
design of new strategies for antigen presentation. These new vaccination strategies have broadened the vaccine 
market requiring buildup of strategic capacities and development of advanced and sustainable manufacturing 
technologies. Canada has a well-established history in vaccines discovery and count a number of key players with 
manufacturing footprint within Canada in needs of highly qualified personnel. The course has been designed to 
expose the bioengineering graduate students to advanced bioprocessing and manufacturing technologies 
enabling cost-effective production of more vaccines in shorter timelines. The course is also designed to provide 
the bioengineers with a holistic perspective of the vaccine research and development field and the role of vaccines 
in public health priorities to respond to existing and emerging infectious threats. 

Course description: Building on recent developments and expansion in the mammalian cell culture for production 
of complex biologics such as viral vaccines and viral vectors, the following topics will be covered: Principles of 
immunology and industrial virology; Cell physiology for vaccine production; Cell lines for vaccine production; 
Upstream process development and process intensification strategies; Purification and downstream processing of 
viral vaccines; Analytical and potency assays; Formulations and delivery of vaccines; Basics of clinical trials and 
regulatory principles; Immunization policies. Case studies on bioprocessing/manufacturing licensed vaccines. 

 

BIEN 685 Biomanufacturing of Viral Vectors for Gene and Cell Therapy (3 credits) 

Rationale: This course complements effectively existing 500- and 600- Bioengineering courses series related to 
biomolecular, cell culture, and tissue engineering. There is an increasing need of HQP in the area of 
Biomanufacturing Viral Vectors to enable Gene and Cell Therapies. Existing advanced course on Cell Culture 
Engineering (BIEN 590) and Bioprocessing of Vaccines (BIEN 680) are all related to upstream processing of 
"traditional" biologics and do not cover the applications in the gene and cell therapy. This course is important for 
the preparation of students to operate in the biomanufacturing sector and as such it will be listed as a mandatory 
course for the Biomanufacturing graduate program. 

Course description: This course offers the basic knowledge in the design and biomanufacturing of viral vectors for 
gene and cell therapy interventions. It will combine lecture components with practical examples and case studies 
to familiarize graduate students with challenges and solutions associated with design and manufacturing of viral 
vectors such as Adeno-Associated Vectors (AAV), lentivirus vectors and Adenovirus vectors. Featured topics 
include fundamental principles of gene and cell therapies through in-vivo and ex-vivo interventions. Design of 
AAV, Lentivirus and Adenovirus vectors: example of targeted diseases, including CAR-T cell therapy. Technologies 
and modes of vector productions. Downstream processing and process analytical technologies for vectors 
manufacturing. 

 

BMDE 505 Cell and Tissue Engineering (3 Credits) 

Course Description: Application of the principles of engineering, physical, and biological sciences to modify and 
create cells and tissues for therapeutic applications will be discussed, as well as the industrial perspective and 
related ethical issues. 

 

CHEE 512: Stem Cell Bioprocess Engineering (3 credits) 



Rationale: The number of approved cellular therapy products is rapidly increasing. There is an urgent need to train 
engineers that can address the manufacturing challenges associated with the clinical scale production of these 
life-saving products. Compared to conventional pharmaceuticals, assuring the safety and efficacy of a live cell 
product is significantly more complex. Most cellular therapy products are currently produced at relatively small 
scale in surface culture with minimal manipulation. To exploit the full potential of stem cells, methods to produce 
cells at larger scale in a highly reproducible manner must be developed. Since cultures are often heterogeneous, 
new cell separation methods that can be scaled up must be developed. New approaches to cell distribution, 
including cryopreservation, must be put in place. Finally, reliable quality assurance methods must be developed 
to assure the safety and efficacy of the cells obtained in each batch. This course will describe these manufacturing 
challenges, suggest quantitative strategies to predict cell culture performance, provide an overview of state-of-
the art stem cell culture techniques and identify avenues for further process optimization. As of now, there is no 
similar course in the Faculty of Engineering at McGill. The Department of Biomedical Engineering offers a technical 
elective BMDE 505 Cell and Tissue Engineering. This course focuses on fundamental aspects of tissue engineering. 
The Department of Bioengineering offers a technical elective BIEN 590 Cell Culture Engineering that discusses 
principles of bioprocess operation related to animal cells. Finally, the Department of Chemical Engineering offers 
an undergraduate core course CHEE 474 Biochemical Engineering and a graduate core course CHEE 651 Advanced 
Biochemical Engineering that present fundamental bioprocess engineering principles. In each case, there is 
minimal overlap (between 10% and 20%) with the proposed new course, which will focus on manufacturing 
challenges specific to stem cell based products. 

Course description: Introduction to stem cell biology. Cell growth models applicable to stem cells and their 
progeny. Upstream processing (cell culture systems, bioreactors), downstream processing (cell separation, 
purification) and quality management (current good manufacturing practice, regulations) applied to therapeutic 
cells. 

 

CHEE 651 Advanced Biochemical Engineering (4 credits) 

Rationale: Biochemical engineering is a major branch of chemical engineering, and its principles are fundamental 
to much of the research conducted in chemical engineering. Over 60% of the research laboratories in the 
Department of Chemical Engineering conduct some form of biochemical engineering research. Therefore, there 
is a need to ensure that Chemical Engineering graduate students are formally taught and understand the 
fundamentals of biochemical engineering. Although the Department currently offers a series of bio-based 
graduate courses on specific topics, no fundamental graduate-level course is available to teach advanced concepts 
in biochemical engineering. This course will add to the core graduate courses available to our M.Eng. and Ph.D. 
students (it will be added to the list of complementary courses in both the M.Eng.(Thesis) Chemical Engineering 
and Ph.D. in Chemical Engineering. 

 

Course description: The use of chemical engineering and biological principles in the study, design, use and creation 
of biologically-based processes and products. Topics: biochemical thermodynamics, protein engineering, 
manipulation of gene expression, transport phenomena and bioreactor design. 
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CONSULTATION REPORT FORM 

RE PROGRAM PROPOSALS 

DATE:  12 January 2022 

TO: Prof. Reza Salavati, Director 
Institute of Parasitology 

FROM: Prof. Yu (Brandon) Xia, Director 
Graduate Program in Biological and Biomedical Engineering 

The attached proposal has been submitted to the Curriculum Committee, and it has been decided that 
your department should be consulted.  

Program Title:  M.Eng. in Biological and Biomedical Engineering; Non-Thesis (Biomanufacturing) 

Would you be good enough to review this proposal and let me know as soon as possible, on this form, 
whether or not your department has any objections to, or comments regarding, the proposal.   

X NO OBJECTIONS SOME OBJECTIONS 

COMMENTS:�,�DP�YHU\�HQWKXVLDVWLF�DQG�H[FLWHG�WR�OHDUQ�RI�WKH�QHZ�ELRPDQXIDFWXULQJ�FRQFHQWUDWLRQ�WKDW�KDV�EHHQ�
GHYHORSHG�IRU�WKH�0�(QJ��QRQ�WKHVLV�SURJUDP�LQ�%LRORJLFDO�	�%LRPHGLFDO�(QJLQHHULQJ�

)URP�UHDGLQJ�\RXU�SURSRVDO��,�DP�GHOLJKWHG�WR�VHH�WKDW�WKH�GLVFLSOLQH�EDVHG�UHVHDUFK�VNLOOV�RI�\RXU�JUDGXDWHV�ZRXOG�
DGGUHVV�WKH�VWURQJ�GHPDQG�IURP�LQGXVWULDO�DQG�LQVWLWXWLRQDO�SDUWQHUV�LQ�ELRPDQXIDFWXULQJ�IRU�KLJKO\�TXDOLILHG�SHUVRQQHO��
7KLV�SURJUDP�ZRXOG�DOVR�SURYLGH�DGGLWLRQDO�FRXUVHV�WKDW�RXU�06F�QRQ�WKHVLV�EDVHG�JUDGXDWH�VWXGHQWV�LQ�ELRWHFKQRORJ\�
SURJUDP�FDQ�EHQHILW�IURP�

*RRG�OXFN�DQG�EHVW�ZLVKHV
 

Signature: 

Date:  1-13-2022
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CONSULTATION REPORT FORM 
RE PROGRAM PROPOSALS 

 
 
DATE:  12 January 2022 
 
TO:  Prof. Dan Nicolau, Chair 
   Department of Bioengineering 
 
 
 
FROM: Prof. Yu (Brandon) Xia, Director 
   Graduate Program in Biological and Biomedical Engineering 
 
 
 
The attached proposal has been submitted to the Curriculum Committee, and it has been decided that 
your department should be consulted.  
 
 

Program Title:  M.Eng. in Biological and Biomedical Engineering; Non-Thesis (Biomanufacturing) 
 
 

Would you be good enough to review this proposal and let me know as soon as possible, on this form, 
whether or not your department has any objections to, or comments regarding, the proposal.  
Specifically, several courses taught by your department that have been included in the SURJUDP¶V�Oist of 
courses. 
 
 
 X  NO OBJECTIONS     SOME OBJECTIONS 
 
 
COMMENTS: 
 
 
 
 
 
 
 
 
 
 
 
 
 
Signature:        
 
Date:    28.1.2022     
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CONSULTATION REPORT FORM 
RE PROGRAM PROPOSALS 

 
 
DATE:  12 January 2022 
 
TO:  Prof. Viviane Yargeau, Chair 
   Department of Chemical Engineering 
 
FROM: Prof. Yu (Brandon) Xia, Director 
   Graduate Program in Biological and Biomedical Engineering 
 
The attached proposal has been submitted to the Curriculum Committee, and it has been decided that 
your department should be consulted.  
 
 

Program Title:  M.Eng. in Biological and Biomedical Engineering; Non-Thesis (Biomanufacturing) 
 
 

Would you be good enough to review this proposal and let me know as soon as possible, on this form, 
whether or not your department has any objections to, or comments regarding, the proposal.  
Specifically, two courses taught by your department that have been included in the program’s list of 
courses: CHEE 512, and CHEE 651. 
 
 x  NO OBJECTIONS     SOME OBJECTIONS 
 
COMMENTS: 
 

§ Our core graduate courses, and technical electives, are not offered every year and are offered only when 
the teaching workload allows it. We want to indicate that it is not possible for us to increase or predict 
the frequency of offering of these two courses: CHEE 521 and CHEE 651. It should also be noted that 
CHEE students will have priority registering for the two CHEE courses, and given the cap in each 
course, students registered in the M.Eng. program being proposed are not guaranteed registration the 
two CHEE courses. 

§ The relevance of retaining the seminar course as a "core" course should be justified - is the content of 
this seminar course essential to the new biomanufacturing concentration? 

§ The terms quantitative and qualitative can be problematic and open for interpretation. We recommend 
removing these terms or using a different terminology. 

§ It will be important to secure industry internships - there would be limited benefit to internships in 
academic or other research laboratories. A definition of the type of internship anticipated would be 
beneficial. 

§ We understand that it may not be possible to create the new program in a timely manner if new courses 
must be incorporated as "core". However, we recommend the eventual replacement of the course on 
medical device regulatory affairs by a more targeted course on regulatory framework of biologics into 
the future curriculum. The course on medical device regulatory affairs could be considered non-core 
currently. 

 
 
 
 
Signature:        
 
Date:    January 14, 2022     
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FRQFHQWUDWLRQ�DUH�SRVVLEOH�DW�D�ODWHU�VWDJH��ZKLFK�ZLOO�KDYH�WR�EH�GRQH�WKURXJK�MRLQW�UHYLVLRQV�RI�WKH
ELRPDQXIDFWXULQJ�FRQFHQWUDWLRQ�DQG�WKH�SDUHQW�%%0(�0DVWHU
V�QRQ�WKHVLV�SURJUDP��

!�,W�ZLOO�EH�LPSRUWDQW�WR�VHFXUH�LQGXVWU\�LQWHUQVKLSV���WKHUH�ZRXOG�EH�OLPLWHG�EHQHILW�WR�LQWHUQVKLSV�LQ
DFDGHPLF�RU�RWKHU�UHVHDUFK�ODERUDWRULHV��
!�$�GHILQLWLRQ�RI�WKH�W\SH�RI�LQWHUQVKLS�DQWLFLSDWHG�ZRXOG�EH�EHQHILFLDO��

7KDQN�\RX�YHU\�PXFK�IRU�WKLV�LPSRUWDQW�FRPPHQW��7KH�GHILQLWLRQ�RI�WKH�W\SH�RI�LQWHUQVKLS�DQWLFLSDWHG�LV
SURYLGHG�LQ�WKH�FRXUVH�GHVFULSWLRQ�RI�WKH�DOUHDG\�DSSURYHG�%%0(�����DQG�%%0(�����,QWHUQVKLS�FRXUVHV�
�����VXSHUYLVHG�E\�D�SURIHVVLRQDO�����ZLWKLQ�DQ�LQGXVWULDO�RU�LQVWLWXWLRQDO�UHVHDUFK�FHQWUH�HQYLURQPHQW���:H
FRPSOHWHO\�DJUHH�WKDW�LW�LV�LPSRUWDQW�WR�VHFXUH�LQGXVWU\�LQWHUQVKLSV��,Q�DGGLWLRQ�WR�VXSSRUW�DOUHDG\�VHFXUHG
IURP�15&�ODERUDWRULHV��GLVFXVVLRQV�DUH�XQGHUZD\�ZLWK�LQGXVWULDO�SDUWQHUV�ZLWK�RSHUDWLRQDO�ELRPDQXIDFWXULQJ
IDFLOLW\�LQFOXGLQJ��6DQRIL�3DVWHXU��7RURQWR��0HGLFDJR��4XHEHF��5HOLDQFH�%LRWHFK��0LVVLVVDXJD��%LRGH[WULV�
/DYDO��DQG�60(V�WKURXJK�,Q�YLYR�0RQWUHDO��$�PRUH�GHWDLOHG�JXLGHOLQH�UHJDUGLQJ�WKH�LQWHUQVKLS�ZLOO�EH
SURYLGHG�WR�WKH�VWXGHQW�DW�WKH�VWDUW�RI�WKH�LQWHUQVKLS��

!�:H�XQGHUVWDQG�WKDW�LW�PD\�QRW�EH�SRVVLEOH�WR�FUHDWH�WKH�QHZ�SURJUDP�LQ�D�WLPHO\�PDQQHU�LI�QHZ�FRXUVHV
PXVW�EH�LQFRUSRUDWHG�DV��FRUH���
!�+RZHYHU��ZH�UHFRPPHQG�WKH�HYHQWXDO�UHSODFHPHQW�RI�WKH�FRXUVH�RQ�PHGLFDO�GHYLFH�UHJXODWRU\�DIIDLUV�E\
D�PRUH�WDUJHWHG�FRXUVH
!�RQ�UHJXODWRU\�IUDPHZRUN�RI�ELRORJLFV�LQWR�WKH�IXWXUH�FXUULFXOXP��7KH�FRXUVH�RQ�PHGLFDO�GHYLFH�UHJXODWRU\
DIIDLUV�FRXOG�EH�FRQVLGHUHG�
!�QRQ�FRUH�FXUUHQWO\�

:H�ZLVK�WR�FODULI\�WKDW�WKH�FRXUVH�RQ�PHGLFDO�GHYLFH�UHJXODWRU\�DIIDLUV�LV�QRW�OLVWHG�DV�D�ELRPDQXIDFWXULQJ
FRUH�FRXUVH��5DWKHU��LW�LV�OLVWHG�DV�D�%%0(�FRUH�FRXUVH��ZKLFK�LV�LQKHULWHG�IURP�WKH�H[LVWLQJ�%%0(�WKHVLV
DQG�QRQ�WKHVLV�SURJUDPV��:H�FRPSOHWHO\�DJUHH�WKDW�LW�LV�EHQHILFLDO�WR�HYHQWXDOO\�UHSODFH�WKH�FRXUVH�RQ
PHGLFDO�GHYLFH�UHJXODWRU\�DIIDLUV�E\�D�PRUH�WDUJHWHG�FRXUVH�RQ�UHJXODWRU\�IUDPHZRUN�RI�ELRORJLFV��,Q�WKH
PHDQWLPH��WKLV�NQRZOHGJH�JDS�LV�DGGUHVVHG�WKURXJK�VHYHUDO�OHFWXUHV�LQ�WKH�%,(1�����6SHFLDO�7RSLFV�LQ
%LRHQJLQHHULQJ���FRXUVH��ZKLFK�LV�OLVWHG�DV�D�ELRPDQXIDFWXULQJ�FRUH�FRXUVH��
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CONSULTATION REPORT FORM 
RE PROGRAM PROPOSALS 

 
 
DATE:  12 January 2022 
 
TO:  Prof. David Juncker, Chair 
   Department of Biomedical Engineering 
 
 
 
FROM: Prof. Yu (Brandon) Xia, Director 
   Graduate Program in Biological and Biomedical Engineering 
 
 
 
The attached proposal has been submitted to the Curriculum Committee, and it has been decided that 
your department should be consulted.  
 
 

Program Title:  M.Eng. in Biological and Biomedical Engineering; Non-Thesis (Biomanufacturing) 
 
 

Would you be good enough to review this proposal and let me know as soon as possible, on this form, 
whether or not your department has any objections to, or comments regarding, the proposal.  
Specifically, several courses taught by your department that have been included in the pURJUDP¶V�Oist of 
courses. 
 
 
 X  NO OBJECTIONS     SOME OBJECTIONS 
 
 
COMMENTS: 
 
There are 3 new 3-credit courses underlined in the program proposal, for which we have received consultation 
requests and proposed course outlines (BIEN 670, BIEN 675, and BIEN 685). It will be helpful to clarify who 
will be the instructors for the set of courses where they have not yet been determined.  
 
There are 2 additional new 9-credit courses specified in the proposal for which we have not yet received 
consultation requests or course outlines (BBME 681 Internship 1, and BBME 682 Internship 2). We support 
these two internships, but considering that they will account for 40% of the credit requirements for this new 
program, we wish to receive more information on these courses in due time, and be consulted with regards to 
their development.  
 
BMDE 654 Biomedical Regulatory Affairs - Medical Devices is listed as a BBME Core Course (Non-
Quantitative), and we believe it could be helpful to students in this concentration. However, it is a core course 
for the Graduate Certificate in Translational Biomedical Engineering, as well for a new proposed Master¶s in 
Translational Biomedical Engineering, so students in these programs will take priority in registration.  
 
We understand that as this is an adaptation of the current BBME program it must follow the same requirements 
(e.g. emphasis on quantitative courses). It will be helpful to revisit these requirements in the future to better 
tailor the content to the intent of the Biomanufacturing option.  
 
Overall, this is a timely and important new development for the BBME program. 
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Signature:        
 
Date:   11. Feb. 2022       
 



<X�;LD��EUDQGRQ�[LD#JPDLO�FRP!

5HTXHVW�IRU�FRQVXOWDWLRQ��1HZ�ELRPDQXIDFWXULQJ�FRQFHQWUDWLRQ�IRU�WKH�0�(QJ��QRQ�
WKHVLV�SURJUDP�LQ�%LRORJLFDO�	�%LRPHGLFDO�(QJLQHHULQJ�

<X��%UDQGRQ��;LD��EUDQGRQ�[LD#JPDLO�FRP! 0RQ��)HE����������DW�������30
7R���'DYLG�-XQFNHU��3URI����GDYLG�MXQFNHU#PFJLOO�FD!
&F���<X�%UDQGRQ�;LD��3URI����EUDQGRQ�[LD#PFJLOO�FD!���:��5REHUW�-��)XQQHOO��3URI����UREHUW�IXQQHOO#PFJLOO�FD!���3LQD�6RUULQL�
0V����SLQD�VRUULQL#PFJLOO�FD!
%FF���-RVHSKLQH�1DOEDQWRJOX��'U����MRVHSKLQH�QDOEDQWRJOX#PFJLOO�FD!���$PLQH�$��.DPHQ��3URI���DPLQH�NDPHQ#PFJLOO�FD!

+L�'DYLG��

7KDQN�\RX�VR�PXFK�IRU�\RXU�VXSSRUW�RI�WKH�QHZ�ELRPDQXIDFWXULQJ�FRQFHQWUDWLRQ���%HORZ�SOHDVH�ILQG�RXU�UHVSRQVH�WR�\RXU
FRPPHQWV�LQ�WKH�FRQVXOWDWLRQ�UHSRUW���3OHDVH�OHW�PH�NQRZ�LI�\RX�KDYH�DQ\�TXHVWLRQV��

7KDQNV��
�%UDQGRQ�

  

!�7KHUH�DUH���QHZ���FUHGLW�FRXUVHV�XQGHUOLQHG�LQ�WKH�SURJUDP�SURSRVDO��IRU�ZKLFK�ZH�KDYH�
!�UHFHLYHG�FRQVXOWDWLRQ�UHTXHVWV�DQG�SURSRVHG�FRXUVH�RXWOLQHV��%,(1������%,(1������DQG��
!�%,(1�������,W�ZLOO�EH�KHOSIXO�WR�FODULI\�ZKR�ZLOO�EH�WKH�LQVWUXFWRUV�IRU�WKH�VHW�RI�FRXUVHV��
!�ZKHUH�WKH\�KDYH�QRW�\HW�EHHQ�GHWHUPLQHG��

7KH�LQVWUXFWRU�IRU�%,(1�����ZLOO�EH�3URI��&RGUXWD�,JQHD��7KH�LQVWUXFWRU�IRU�%,(1�����ZLOO�EH�3URI��$PLQH�.DPHQ��7KH
LQVWUXFWRU�IRU�%,(1�����ZLOO�EH�'U��5HQDOG�*LOEHUW�IURP�15&��ZKR�LV�DOVR�DQ�$GMXQFW�3URIHVVRU�DW�0F*LOO��$GGLWLRQDO
UHVRXUFHV�ZLOO�EH�UHTXHVWHG�WR�KLUH�FRXUVH�OHFWXUHUV�WR�DVVLVW�WKH�GHOLYHU\�RI�WKHVH�DQG�RWKHU�NH\�ELRPDQXIDFWXULQJ�FRUH
FRXUVHV��

!�7KHUH�DUH���DGGLWLRQDO�QHZ���FUHGLW�FRXUVHV�VSHFLILHG�LQ�WKH�SURSRVDO�IRU�ZKLFK�ZH�KDYH��
!�QRW�\HW�UHFHLYHG�FRQVXOWDWLRQ�UHTXHVWV�RU�FRXUVH�RXWOLQHV��%%0(�����,QWHUQVKLS����DQG��
!�%%0(�����,QWHUQVKLS�����:H�VXSSRUW�WKHVH�WZR�LQWHUQVKLSV��EXW�FRQVLGHULQJ�WKDW�WKH\�ZLOO�
!�DFFRXQW�IRU�����RI�WKH�FUHGLW�UHTXLUHPHQWV�IRU�WKLV�QHZ�SURJUDP��ZH�ZLVK�WR�UHFHLYH�PRUH�
!�LQIRUPDWLRQ�RQ�WKHVH�FRXUVHV�LQ�GXH�WLPH��DQG�EH�FRQVXOWHG�ZLWK�UHJDUGV�WR�WKHLU�GHYHORSPHQW�

:H�ZLVK�WR�FODULI\�WKDW�WKH�WZR���FUHGLW�LQWHUQVKLS�FRXUVHV��%%0(�����DQG�%%0(������KDYH�DOUHDG\�EHHQ�DSSURYHG�E\�WKH
8QLYHUVLW\�ODVW�\HDU���7KH\�ZHUH�UHYLHZHG�DQG�XQDQLPRXVO\�DSSURYHG�RQ�6HSWHPEHU����������E\�WKH�%%0(�3URJUDP
([HFXWLYH�&RPPLWWHH��ZKLFK�FRQVLVWV�RI�'HSDUWPHQW�&KDLUV�DQG�DGGLWLRQDO�IDFXOW\�UHSUHVHQWDWLYHV�IURP�ERWK�%LRPHGLFDO
(QJLQHHULQJ�DQG�%LRHQJLQHHULQJ�'HSDUWPHQWV��DV�ZHOO�DV�D�VWXGHQW�UHSUHVHQWDWLYH�IURP�WKH�%%0(�SURJUDP��7KH\�ZHUH
IXUWKHU�GLVFXVVHG�LQ�GHWDLO�LQ�D�PHHWLQJ�RQ�1RYHPEHU���������LQYROYLQJ�3URI��$PLQH�.DPHQ��&KDLU�RI�WKH�%LRPDQXIDFWXULQJ
:RUNLQJ�*URXS��3URI��%UDQGRQ�;LD��*3'�RI�%%0(��DQG�DOO�IDFXOW\�PHPEHUV�RI�WKH�%LRPHGLFDO�(QJLQHHULQJ�'HSDUWPHQW��$OO
FRQFHUQV�UDLVHG�KDYH�EHHQ�DGGUHVVHG��7KH�WZR�FRXUVHV�ZHUH�IXUWKHU�UHYLHZHG�DQG�DSSURYHG�E\�WKH�)DFXOW\�RI
(QJLQHHULQJ��)DFXOW\�RI�0HGLFLQH�DQG�+HDOWK�6FLHQFHV��*UDGXDWH�DQG�3RVWGRFWRUDO�6WXGLHV��DQG�0F*LOO�8QLYHUVLW\
FRPPLWWHHV��

+HUH��ZH�SURSRVH�WR�LQFOXGH�WKHVH�WZR�H[LVWLQJ�LQWHUQVKLS�FRXUVHV�LQ�WKH�QHZ�ELRPDQXIDFWXULQJ�FRQFHQWUDWLRQ��ZLWKRXW�DQ\
FKDQJHV�WR�WKHLU�FRXUVH�FRQWHQWV��+HQFH��WKH�FXUUHQW�FRQVXOWDWLRQ�LV�OLPLWHG�WR�WKH�QHZ�ELRPDQXIDFWXULQJ�FRQFHQWUDWLRQ
RQO\��DQG�ZH�GLG�QRW�VHHN�DGGLWLRQDO�IRUPDO�FRQVXOWDWLRQ�UHJDUGLQJ�WKH�WZR�DOUHDG\�DSSURYHG�LQWHUQVKLS�FRXUVHV��

:H�UHFRJQL]H�WKH�LPSRUWDQFH�RI�WKH�LQWHUQVKLS�FRXUVHV�IRU�WKH�VXFFHVV�RI�WKH�QHZ�ELRPDQXIDFWXULQJ�FRQFHQWUDWLRQ��DQG
ZH�DUH�WDNLQJ�VHYHUDO�PHDVXUHV�WR�HQVXUH�WKDW�NH\�XQLWV�DUH�SURSHUO\�FRQVXOWHG�ZLWK�UHJDUG�WR�WKH�GHYHORSPHQW�DQG
GHOLYHU\�RI�WKHVH�FRXUVHV��)LUVW��WKH�GHVLJQ�DQG�GHOLYHU\�RI�WKH�ELRPDQXIDFWXULQJ�FRQFHQWUDWLRQ��LQFOXGLQJ�WKH�WZR
LQWHUQVKLS�FRXUVHV��KDYH�EHHQ�FDUULHG�RXW�E\�D�VPDOO�%LRPDQXIDFWXULQJ�:RUNLQJ�*URXS�ZKLFK�LQFOXGHV�IDFXOW\
UHSUHVHQWDWLYHV�IURP�%LRPHGLFDO�(QJLQHHULQJ��%LRHQJLQHHULQJ��DQG�&KHPLFDO�(QJLQHHULQJ�'HSDUWPHQWV��6HFRQG��ZH�DUH
PDNLQJ�HYHU\�HIIRUW�WR�VHFXUH�LQGXVWU\�LQWHUQVKLSV�IRU�VWXGHQWV��,Q�DGGLWLRQ�WR�VXSSRUW�DOUHDG\�VHFXUHG�IURP�15&
ODERUDWRULHV�DQG�6DQRIL�3DVWHXU��GLVFXVVLRQV�DUH�XQGHUZD\�ZLWK�LQGXVWULDO�SDUWQHUV�ZLWK�RSHUDWLRQDO�ELRPDQXIDFWXULQJ
IDFLOLW\�LQFOXGLQJ��0HGLFDJR��4XHEHF��5HOLDQFH�%LRWHFK��0LVVLVVDXJD��%LRGH[WULV�/DYDO��DQG�60(V�WKURXJK�,Q�YLYR
0RQWUHDO��$�PRUH�GHWDLOHG�JXLGHOLQH�UHJDUGLQJ�WKH�LQWHUQVKLS�ZLOO�EH�SURYLGHG�WR�WKH�VWXGHQW�DW�WKH�VWDUW�RI�WKH�LQWHUQVKLS�



)LQDOO\��WKH�GHVLJQ�DQG�GHOLYHU\�RI�WKH�ELRPDQXIDFWXULQJ�FRQFHQWUDWLRQ��LQFOXGLQJ�WKH�WZR�LQWHUQVKLS�FRXUVHV��ZLOO�EH
UHJXODUO\�UHYLHZHG�E\�WKH�%%0(�3URJUDP�([HFXWLYH�&RPPLWWHH��ZKLFK�FRQVLVWV�RI�'HSDUWPHQW�&KDLUV�DQG�DGGLWLRQDO
IDFXOW\�UHSUHVHQWDWLYHV�IURP�ERWK�%LRPHGLFDO�(QJLQHHULQJ�DQG�%LRHQJLQHHULQJ�'HSDUWPHQWV��DV�ZHOO�DV�D�VWXGHQW
UHSUHVHQWDWLYH�IURP�WKH�%%0(�SURJUDP��:H�ZHOFRPH�IHHGEDFN�ZLWK�UHJDUG�WR�WKH�WZR�LQWHUQVKLS�FRXUVHV��VHH�DWWDFKHG
IRU�WKH�ODWHVW�V\OODEL���)XUWKHU�FRQFHUQV�UHJDUGLQJ�WKHVH�FRXUVHV�ZLOO�EH�DGGUHVVHG�WKURXJK�IXWXUH�PLQRU�UHYLVLRQV��LI
QHHGHG��

!�%0'(�����%LRPHGLFDO�5HJXODWRU\�$IIDLUV���0HGLFDO�'HYLFHV�LV�OLVWHG�DV�D�%%0(�&RUH�&RXUVH�
!��1RQ��4XDQWLWDWLYH���DQG�ZH�EHOLHYH�LW�FRXOG�EH�KHOSIXO�WR�VWXGHQWV�LQ�WKLV�FRQFHQWUDWLRQ��
!�+RZHYHU��LW�LV�D�FRUH�FRXUVH�IRU�WKH�*UDGXDWH�&HUWLILFDWH�LQ�7UDQVODWLRQDO�%LRPHGLFDO�
!�(QJLQHHULQJ��DV�ZHOO�IRU�D�QHZ�SURSRVHG�0DVWHU¶V�LQ�7UDQVODWLRQDO�%LRPHGLFDO�(QJLQHHULQJ���
!�VR�VWXGHQWV�LQ�WKHVH�SURJUDPV�ZLOO�WDNH�SULRULW\�LQ�UHJLVWUDWLRQ��

:H�XQGHUVWDQG�WKDW�VWXGHQWV�LQ�WKH�WUDQVODWLRQDO�ELRPHGLFDO�HQJLQHHULQJ�SURJUDPV�WDNH�SULRULW\�LQ�UHJLVWHULQJ�IRU�%0'(
�����7KH�SURSRVHG�ELRPDQXIDFWXULQJ�FRQFHQWUDWLRQ�FDQ�VXFFHVVIXOO\�RSHUDWH�XQGHU�WKLV�FRQVWUDLQW��DV�WKHUH�DUH�PRUH�WKDQ
HQRXJK�%%0(�FRUH�FRXUVHV�OLVWHG�IRU�VWXGHQWV�WR�FKRRVH�IURP�LQ�RUGHU�WR�PHHW�WKH����FUHGLW�%%0(�FRUH�FRXUVH
UHTXLUHPHQW��,Q�DGGLWLRQ��WKH�UHJXODWRU\�IUDPHZRUN�RI�ELRORJLFV�ZLOO�EH�FRYHUHG�WKURXJK�VHYHUDO�OHFWXUHV�LQ�WKH�%,(1����
6SHFLDO�7RSLFV�LQ�%LRHQJLQHHULQJ���FRXUVH��ZKLFK�LV�OLVWHG�DV�D�ELRPDQXIDFWXULQJ�FRUH�FRXUVH��

!�:H�XQGHUVWDQG�WKDW�DV�WKLV�LV�DQ�DGDSWDWLRQ�RI�WKH�FXUUHQW�%%0(�SURJUDP�LW�PXVW�IROORZ�WKH�
!�VDPH�UHTXLUHPHQWV��H�J��HPSKDVLV�RQ�TXDQWLWDWLYH�FRXUVHV���,W�ZLOO�EH�KHOSIXO�WR�UHYLVLW�WKHVH�
!�UHTXLUHPHQWV�LQ�WKH�IXWXUH�WR�EHWWHU�WDLORU�WKH�FRQWHQW�WR�WKH�LQWHQW�RI�WKH�%LRPDQXIDFWXULQJ�
!�RSWLRQ��
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