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 About ICTQual AB 
ICTQual AB UK Ltd. is a distinguished awarding body based in the United Kingdom, dedicated to fostering 

excellence in education, training, and skills development. Committed to global standards, ICTQual AB provides 

internationally recognized qualifications that empower individuals and organizations to thrive in an increasingly 

competitive world. Their offerings span diverse industries, including technical fields, health and safety, 

management, and more, ensuring relevance and adaptability to modern workforce needs. 

The organization prides itself on delivering high-quality educational solutions through a network of Approved 

Training Centres worldwide. Their robust curriculum and innovative teaching methodologies are designed to 

equip learners with practical knowledge and skills for personal and professional growth. With a mission to inspire 

lifelong learning and drive positive change, ICTQual AB continuously evolves its programs to stay ahead of 

industry trends and technological advancements. 

ICTQual AB's vision is to set benchmarks for educational excellence while promoting inclusivity and integrity. Their 

unwavering focus on quality and accessibility makes them a trusted partner in shaping future-ready professionals 

and advancing societal progress globally. 

Course Overview  

The ICTQual Level 6 Diploma in Biotechnology Engineering is an advanced academic program designed to 

provide students with a comprehensive understanding of biotechnology's principles, practices, and innovations. 

Spanning three years, this rigorous 360-credit diploma equips learners with the theoretical knowledge, technical 

expertise, and practical skills necessary to excel in the biotechnology industry and related fields. 

Biotechnology is a rapidly growing interdisciplinary field that merges biology, chemistry, engineering, and 

information technology to develop solutions for challenges in healthcare, agriculture, environmental 

sustainability, and industrial processes. The Level 6 Diploma reflects the evolving demands of the industry and 

prepares students to meet these challenges through innovative approaches and cutting-edge technologies. 

The program emphasizes core areas such as genetic engineering, bioprocess technology, bioinformatics, and bio 

manufacturing while fostering critical thinking, research capabilities, and ethical considerations in biotechnology 

applications. This diploma serves as a stepping stone for students aspiring to advance their careers in 

biotechnology or pursue further studies at the postgraduate level. With its blend of academic rigor and practical 

relevance, the ICTQual Level 6 Diploma in Biotechnology Engineering is an ideal choice for individuals passionate 

about contributing to the transformative potential of biotechnology in shaping the future. 
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Certification Framework 

Qualification title ICTQual Level 6 Diploma in Biotechnology Engineering 360 Credits – Three Years 

Course ID BE0001 

Qualification Credits  360 Credits 

Course Duration Three Years 

Grading Type Pass / Fail 

Competency Evaluation Coursework / Assignments / Verifiable Experience   

Assessment The assessment and verification process for ICTQual qualifications involves two key 

stages: 

 

Internal Assessment and Verification: 

 Conducted by the staff at the Approved Training Centre (ATC). Ensures 
learners meet the required standards through continuous assessments. 

 Internal quality assurance (IQA) is carried out by the centre's IQA staff to 
validate the assessment processes. 

External Quality Assurance: 

 Managed by ICTQual AB verifiers, who periodically review the centre's 
assessment and IQA processes. 

 Verifies that assessments are conducted to the required standards and 
ensures consistency across centres 

 

Entry Requirements 

To enroll in the ICTQual Level 6 Diploma in Biotechnology Engineering 360 Credits – Three Years, candidates must 

meet the following entry requirements: 

 Applicants must be at least 16 years old. 

 A Level 5 qualification (or equivalent) in a related field such as science, biotechnology, engineering, or a 

technical discipline. This may include a Level 5 Diploma, HND, or equivalent qualifications. 

 A strong background in subjects like molecular biology, chemistry, biochemistry, or physics is 

recommended to ensure a solid understanding of advanced biotechnology concepts. 

 While prior experience in biotechnology engineering is not mandatory, applicants should demonstrate a 

strong grasp of analytical and problem-solving skills within scientific contexts. 

 For non-native English speakers, proof of English language proficiency is required to engage fully with the 

course material. 

Qualification Structure 

This qualification comprises 36 mandatory units, totaling 360 credits. Candidates must successfully complete all 

mandatory units to achieve the qualification. 
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Mandatory Units 
Unit Ref# Unit Title Credits 

Year 1: Foundations of Biotechnology Engineering 

BE0001-1 Introduction to Biotechnology 10 

BE0001-2 Principles of Molecular Biology 10 

BE0001-3 Basics of Biochemistry 10 

BE0001-4 Fundamentals of Microbiology 10 

BE0001-5 Introduction to Genetics and Genomics 10 

BE0001-6 Principles of Cell Biology 10 

BE0001-7 Mathematics for Biotechnology 10 

BE0001-8 Fundamentals of Biostatistics 10 

BE0001-9 Introduction to Engineering in Biotechnology 10 

BE0001-10 Analytical Techniques in Biotechnology 10 

BE0001-11 Basics of Bioinformatics 10 

BE0001-12 Environmental Science and Sustainability 10 

Year 2: Intermediate Biotechnology Concepts 

BE0001-13 Bioprocess Engineering and Design 10 

BE0001-14 Applied Microbiology and Industrial Applications 10 

BE0001-15 Recombinant DNA Technology 10 

BE0001-16 Biomaterials and Nanotechnology 10 

BE0001-17 Immunology and Vaccine Development 10 

BE0001-18 Protein Engineering and Enzyme Technology 10 

BE0001-19 Bioinformatics Tools and Applications 10 

BE0001-20 Environmental Biotechnology and Waste Management 10 

BE0001-21 Bioreactors and Fermentation Technology 10 

BE0001-22 Biomedical Engineering Basics 10 

BE0001-23 Advanced Biostatistics and Data Analysis 10 

BE0001-24 Ethical and Regulatory Aspects of Biotechnology 10 

Year 3: Advanced Topics and Specialization 

BE0001-25 Genetic Engineering and Genomic Editing 10 

BE0001-26 Advanced Bioprocess Engineering 10 

BE0001-27 Biotechnology Research Methods 10 

BE0001-28 Pharmaceutical Biotechnology and Drug Development 10 

BE0001-29 Systems Biology and Computational Modeling 10 

BE0001-30 Agricultural Biotechnology and GMOs 10 

BE0001-31 Industrial Biotechnology and Bio economy 10 

BE0001-32 Synthetic Biology Applications 10 

BE0001-33 Advanced Environmental Biotechnology 10 

BE0001-34 Innovation and Entrepreneurship in Biotechnology 10 

BE0001-35 Biotechnology Project Management 10 

BE0001-36 Final Year Research Project 10 
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Centre Requirements 

Even if a centre is already registered with ICTQual AB, it must meet specific requirements to deliver the ICTQual 

Level 6 Diploma in Biotechnology Engineering 360 Credits – Three Years. These standards ensure the quality and 

consistency of training, assessment, and learner support. 

1. Approval to Deliver the Qualification 

 Centres must obtain formal approval from ICTQual AB to deliver this specific qualification, even if they are 

already registered. 

 The approval process includes a review of resources, staff qualifications, and policies relevant to the 

program. 

2. Qualified Staff 

 Tutors: Must have relevant qualifications in Biotechnology Engineering at Level 7 or higher, alongside 

teaching/training experience. 

 Assessors: Must hold a recognized assessor qualification and demonstrate expertise in Biotechnology 

Engineering. 

 Internal Quality Assurers (IQAs): Must be appropriately qualified and experienced to monitor the quality 

of assessments. 

3. Learning Facilities 

Centres must have access to appropriate learning facilities, which include: 

 Classrooms: Modern classrooms equipped with multimedia tools to deliver engaging theoretical 

instruction on genetic engineering, molecular biology, and bioprocess technology. 

 Practical Areas: State-of-the-art laboratories featuring advanced equipment for DNA sequencing, PCR, cell 

culture, fermentation, and bioinformatics, providing hands-on experience in cutting-edge biotech 

techniques. 

 Technology Access: High-performance computers with specialized software (e.g., BLAST, PyMOL, and 

molecular modeling tools) and internet connectivity to support research, simulations, and bioinformatics 

projects. 

4. Health and Safety Compliance 

 Centres must ensure that practical training environments comply with relevant health and safety 

regulations. 

 Risk assessments must be conducted regularly to maintain a safe learning environment. 

5. Resource Requirements 

 Learning Materials: Approved course manuals, textbooks, and study guides aligned with the curriculum. 

 Assessment Tools: Templates, guidelines, and resources for conducting and recording assessments. 

 E-Learning Systems: If offering online or hybrid learning, centres must provide a robust Learning 

Management System (LMS) to facilitate remote delivery. 
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6. Assessment and Quality Assurance 

 Centres must adhere to ICTQual’s assessment standards, ensuring that all assessments are fair, valid, and 

reliable. 

 Internal quality assurance (IQA) processes must be in place to monitor assessments and provide feedback 

to assessors. 

 External verification visits from ICTQual will ensure compliance with awarding body standards. 

7. Learner Support 

 Centres must provide learners with access to guidance and support throughout the program, including: 

 Academic support for coursework. 

 Career guidance for future progression. 

 Additional support for learners with specific needs (e.g., disabilities or language barriers). 

8. Policies and Procedures 

Centres must maintain and implement the following policies, as required by ICTQual: 

 Equal Opportunities Policy. 

 Health and Safety Policy. 

 Safeguarding Policies and Procedures.  

 Complaints and Appeals Procedure. 

 Data Protection and Confidentiality Policy. 

9. Regular Reporting to ICTQual 

 Centres must provide regular updates to ICTQual AB on learner enrollment, progress, and completion 

rates. 

 Centres are required to maintain records of assessments and learner achievements for external auditing 

purposes. 

Support for Candidates 

Centres should ensure that materials developed to support candidates: 

 Facilitate tracking of achievements as candidate’s progress through the learning outcomes and 

assessment criteria. 

 Include information on how and where ICTQual's policies and procedures can be accessed. 

 Provide mechanisms for Internal and External Quality Assurance staff to verify and authenticate evidence 

effectively. 

This approach ensures transparency, supports candidates' learning journeys, and upholds quality assurance 

standards. 
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Assessment 

This qualification is competence-based, requiring candidates to demonstrate proficiency as defined in the 
qualification units. The assessment evaluates the candidate's skills, knowledge, and understanding against the set 
standards. Key details include: 

1. Assessment Process: 

 Must be conducted by an experienced and qualified assessor. 
 Candidates compile a portfolio of evidence that satisfies all learning outcomes and assessment 

criteria for each unit. 

2. Types of Evidence: 

 Observation reports by the assessor. 
 Assignments, projects, or reports. 
 Professional discussions. 
 Witness testimonies. 
 Candidate-produced work. 
 Worksheets. 
 Records of oral and written questioning. 
 Recognition of Prior Learning (RPL). 

3. Learning Outcomes and Assessment Criteria: 

 Learning Outcomes: Define what candidates should know, understand, or accomplish upon 
completing the unit. 

 Assessment Criteria: Detail the standards candidates must meet to demonstrate that the learning 
outcomes have been achieved. 

This framework ensures rigorous and consistent evaluation of candidates' competence in line with the 
qualification's objectives. 
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Unit Descriptors 

BE0001-1: Introduction to Biotechnology 

The aim of this study unit is to provide students with a foundational understanding of biotechnology, including its 

scope, applications, and impact across various industries. The unit focuses on introducing key concepts, 

terminologies, and fundamental principles in biotechnology, preparing students to explore its diverse applications 

in healthcare, agriculture, environmental management, and industrial sectors. 

Learning Outcome: Assessment Criteria: 

1. Explain the scope, applications, and impact of 

biotechnology in various industries. 

1.1. Understand the broad scope of biotechnology, 

encompassing areas such as healthcare, 

agriculture, food production, environmental 

management, and industrial processes, and how it 

integrates biological sciences with technology to 

address complex challenges across these sectors. 

1.2. Examine the role of biotechnology in healthcare, 

including the development of vaccines, gene 

therapies, diagnostic tools, and biologic drugs, 

which have transformed treatments for a wide 

range of diseases and improved patient 

outcomes. 

1.3. Analyze the impact of biotechnology in 

agriculture, focusing on genetically modified 

crops, pest-resistant plants, and bio fertilizers, 

which enhance food security, improve crop yields, 

and reduce reliance on chemical pesticides. 

1.4. Explore the applications of biotechnology in food 

production, such as fermentation processes used 

in the production of beer, dairy products, and bio-

based food ingredients, and the use of enzymes 

and probiotics to enhance food safety and quality. 

1.5. Investigate biotechnology's contributions to 

environmental sustainability, including 

bioremediation for cleaning up oil spills and 

waste, biofuels for renewable energy production, 

and waste-to-energy technologies that promote 

resource recovery and reduce environmental 

pollution. 

1.6. Assess biotechnology's role in industrial 

applications, such as bio manufacturing, where 

enzymes, microorganisms, and genetically 

engineered organisms are used in the production 

of chemicals, materials, and pharmaceuticals, 
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offering more sustainable alternatives to 

traditional chemical processes. 

1.7. Explore the potential of biotechnology in the 

energy sector, particularly through the 

development of biofuels, biogas, and other 

renewable energy sources that contribute to 

reducing carbon emissions and dependence on 

fossil fuels. 

1.8. Discuss the impact of biotechnology on the 

development of personalized medicine, enabling 

targeted treatments based on genetic profiles, 

and how it is transforming the landscape of 

precision healthcare by tailoring interventions to 

individuals' genetic makeup 

2. Describe key concepts and terminologies in 

biotechnology. 

2.1. Demonstrates a clear understanding of 

biotechnology and its relevance across various 

industries. 

2.2. Identifies and explains key concepts such as 

genetic engineering, cloning, and bioprocessing. 

2.3. Defines important biotechnology terms, including 

recombinant DNA, CRISPR, and bioinformatics, 

with accuracy. 

2.4. Provides examples of biotechnology applications 

in fields like medicine, agriculture, and 

environmental management. 

2.5. Clarifies the differences between traditional 

biotechnology and modern biotechnology 

approaches. 

2.6. Explains the role of biotechnology in the 

development of pharmaceuticals, vaccines, and 

diagnostics. 

2.7. Discusses the ethical implications and regulatory 

aspects related to biotechnological 

advancements. 

2.8. Shows an ability to explain the connection 

between biotechnology and scientific principles in 

genetics, microbiology, and molecular biology. 

2.9. Illustrates the impact of biotechnology on 

sustainable development and global challenges. 
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BE0001-2 Principles of Molecular Biology 

The aim of this study unit is to provide students with a deep understanding of the structure, function, and 

replication of DNA and RNA. The unit emphasizes the molecular mechanisms underlying gene expression and 

regulation, equipping students with the knowledge to analyze and apply these concepts in biotechnological and 

genetic research. 

Learning Outcome: Assessment Criteria: 

1. Understand the structure, function, and 

replication of DNA and RNA. 

1.1. Accurately describes the molecular structure 

of DNA and RNA, highlighting key components 

such as nucleotides, sugar-phosphate 

backbones, and nitrogenous bases. 

1.2. Explains the differences between DNA and 

RNA in terms of structure, function, and roles 

within the cell. 

1.3. Demonstrates a clear understanding of base 

pairing rules (A-T, G-C for DNA; A-U, G-C for 

RNA) and their significance in molecular 

biology. 

1.4. Describes the processes of DNA replication, 

including the roles of enzymes such as DNA 

polymerase, helicase, and ligase. 

1.5. Explains the process of transcription, detailing 

the synthesis of RNA from a DNA template, 

and identifies key enzymes such as RNA 

polymerase. 

1.6. Discusses the process of translation, 

explaining how mRNA, tRNA, and ribosomes 

work together to synthesize proteins. 

1.7. Provides an overview of RNA types (mRNA, 

rRNA, and tRNA) and their specific functions 

in cellular processes. 

1.8. Understands the mechanisms of DNA repair 

and mutation, and their impact on genetic 

stability. 

1.9. Explains the regulatory factors that influence 

DNA replication and gene expression. 

2. Analyze molecular mechanisms of gene 

expression and regulation. 

2.1. Describes the central dogma of molecular 

biology (DNA → RNA → Protein) and its role in 

gene expression. 

2.2. Explains the process of transcription, 

including the roles of RNA polymerase, 

transcription factors, and enhancers in 

initiating gene expression. 
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2.3. Analyzes the process of RNA splicing, 

highlighting the removal of introns and the 

joining of exons to produce mature mRNA. 

2.4. Details the process of translation, 

emphasizing the role of ribosomes, mRNA, 

tRNA, and amino acids in protein synthesis. 

2.5. Describes the role of post-translational 

modifications (e.g., phosphorylation, 

glycosylation) in regulating protein function. 

2.6. Explains the concept of gene regulation, 

including the role of promoters, silencers, and 

transcription factors in controlling gene 

expression. 

2.7. Analyzes the mechanisms of epigenetic 

regulation, such as DNA methylation and 

histone modification, and their impact on 

gene expression. 

2.8. Discusses the role of small RNA molecules 

(e.g., miRNA, siRNA) in the regulation of gene 

expression at the post-transcriptional level. 

2.9. Identifies and explains regulatory pathways 

involved in cellular responses to 

environmental signals, including signal 

transduction and gene activation. 
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BE0001-3: Basics of Biochemistry 

The aim of this study unit is to provide students with a foundational understanding of the structure and function 

of key biomolecules, including proteins, lipids, carbohydrates, and nucleic acids. The unit also focuses on the 

principles of metabolic pathways and enzyme activity, equipping students with the knowledge to analyze 

biochemical processes essential to biotechnology and cellular function. 

Learning Outcome: Assessment Criteria: 

1. Identify the structure and function of 

biomolecules such as proteins, lipids, 

carbohydrates, and nucleic acids. 

1.1. Describes the basic structure of proteins, 

including the role of amino acids, peptide 

bonds, and the four levels of protein structure 

(primary, secondary, and tertiary, 

quaternary). 

1.2. Explains the function of proteins, emphasizing 

their roles as enzymes, structural 

components, antibodies, and in cellular 

signaling. 

1.3. Identifies the structure of lipids, including 

triglycerides, phospholipids, and sterols, and 

explains their role in energy storage, cell 

membrane structure, and signaling. 

1.4. Discusses the function of carbohydrates, 

focusing on their role as an energy source, 

structural components (e.g., cellulose), and 

their involvement in cell recognition. 

1.5. Defines the structure of nucleic acids (DNA 

and RNA), highlighting the composition of 

nucleotides, base pairing, and the significance 

of the double helix in DNA. 

1.6. Explains the function of nucleic acids, focusing 

on their roles in genetic information storage 

(DNA) and protein synthesis (RNA). 

1.7. Describes the importance of the 

phosphorylation of biomolecules in cellular 

processes. 

1.8. Identifies the relationship between the 

structure and function of biomolecules, 

illustrating how their unique structures 

determine their biological roles. 

1.9. Explains the role of biomolecules in 

maintaining cellular integrity, energy 

production, and metabolic regulation. 

2. Understand the principles of metabolic 

pathways and enzyme activity. 

2.1. Describes the basic principles of metabolic 

pathways, including the sequential nature of 
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reactions, intermediates, and the role of 

enzymes in catalyzing each step. 

2.2. Explains the difference between anabolic and 

catabolic pathways, highlighting their roles in 

biosynthesis and energy breakdown, 

respectively. 

2.3. Discusses the concept of activation energy 

and how enzymes lower it to speed up 

metabolic reactions. 

2.4. Explains the role of ATP in energy transfer 

within metabolic pathways and its 

involvement in processes such as 

phosphorylation and hydrolysis. 

2.5. Analyzes enzyme structure and function, 

including the importance of the active site, 

enzyme-substrate specificity, and the 

formation of enzyme-substrate complexes. 

2.6. Describes enzyme kinetics, including concepts 

such as reaction rate, Michaelis-Menten 

constant, and factors that influence enzyme 

activity (e.g., temperature, pH, enzyme 

concentration). 

2.7. Discusses enzyme inhibition, including 

competitive, non-competitive, and 

uncompetitive inhibition, and how they 

regulate metabolic processes. 

2.8. Explains the concept of feedback inhibition in 

metabolic pathways and how it maintains 

homeostasis within the cell. 

2.9. Describes the regulation of metabolic 

pathways through allosteric control, covalent 

modification, and gene expression, ensuring 

efficient metabolic function. 
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BE0001-4: Fundamentals of Microbiology 

The aim of this study unit is to provide students with a comprehensive understanding of microbial diversity, 

classification, and cellular structures. The unit also emphasizes the application of basic microbiological techniques 

to culture and identify microorganisms, equipping students with essential skills to work effectively in 

microbiology-based biotechnology applications. 

Learning Outcome: Assessment Criteria: 

1. Describe microbial diversity, classification, and 

cellular structures. 

1.1. Describes the broad diversity of 

microorganisms, including bacteria, archaea, 

fungi, protists, and viruses, and their 

ecological roles in various environments. 

1.2. Explains the classification of microorganisms 

based on criteria such as morphology, 

biochemical characteristics, genetic makeup, 

and ecological functions. 

1.3. Identifies the different shapes and 

arrangements of bacterial cells (e.g., cocci, 

bacilli, spirilla) and how these features aid in 

identification and classification. 

1.4. Discusses the structure and function of 

prokaryotic cells, highlighting the absence of a 

nucleus, presence of a single circular 

chromosome, and key organelles like 

ribosomes and plasmids. 

1.5. Describes the structure of eukaryotic cells, 

emphasizing the presence of membrane-

bound organelles such as the nucleus, 

mitochondria, endoplasmic reticulum, and 

Golgi apparatus. 

1.6. Identifies the key components of microbial 

cellular structures, including the cell wall, 

plasma membrane, flagella, pili, and capsule 

in prokaryotes, and the differences in 

eukaryotic cell walls (e.g., chitin in fungi, 

cellulose in algae). 

1.7. Explains the role of microbial structures in 

processes such as motility, attachment, 

nutrient uptake, and protection from 

environmental stresses. 

1.8. Discusses the importance of microbial 

classification systems, including Bergey’s 

Manual of Systematic Bacteriology, and 

molecular techniques like 16S rRNA 
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sequencing for accurate identification. 

1.9. Analyzes the functional diversity of microbes, 

including their roles in nutrient cycling, 

symbiosis, disease causation, and industrial 

applications. 

2. Apply basic microbiological techniques to culture 

and identify microorganisms. 

2.1. Demonstrates the proper use of aseptic 

techniques to prevent contamination during 

the collection, transfer, and handling of 

microbial samples. 

2.2. Applies standard microbiological techniques 

for inoculating culture media, such as streak 

plating, pour plating, and spread plating, to 

isolate microorganisms. 

2.3. Prepares and uses various types of culture 

media (e.g., nutrient agar, selective media, 

differential media) based on the growth 

requirements of microorganisms. 

2.4. Describes the process of incubating cultures 

under optimal conditions (e.g., temperature, 

oxygen requirements) to promote microbial 

growth. 

2.5. Uses basic microscopic techniques, including 

Gram staining and simple staining, to observe 

and differentiate microbial cells based on 

morphology, size, and staining properties. 

2.6. Identifies microorganisms using biochemical 

tests, such as catalase, oxidase, and 

fermentation tests, to determine metabolic 

characteristics. 

2.7. Performs and interprets selective and 

differential tests (e.g., MacConkey agar, 

mannitol salt agar) to identify bacterial 

species based on their ability to metabolize 

specific substrates. 

2.8. Utilizes molecular techniques, such as PCR 

(Polymerase Chain Reaction), to amplify DNA 

for species identification when necessary. 

2.9. Records and analyzes data accurately, 

including microbial growth patterns, colony 

morphology, and test results, to identify and 

classify microorganisms effectively. 
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BE0001-5: Introduction to Genetics and Genomics 

The aim of this study unit is to provide students with a solid understanding of Mendelian inheritance, genetic 

variation, and the principles underlying heredity. The unit also focuses on genome organization and the role of 

genomics in modern biology, equipping students with the knowledge to explore genetic data and its applications 

in biotechnology, medicine, and research. 

Learning Outcome: Assessment Criteria: 

1. Understand Mendelian inheritance and genetic 

variation. 

1.1. Explains the basic principles of Mendelian 

inheritance, including Gregor Mendel’s laws 

of segregation and independent assortment. 

1.2. Describes the concept of alleles, genotypes, 

and phenotypes, and how they relate to traits 

inherited from parents. 

1.3. Identifies dominant and recessive alleles and 

explains how they influence the expression of 

traits in offspring. 

1.4. Explains the use of Punnett squares to predict 

the genetic outcomes of monohybrid and 

dihybrid crosses. 

1.5. Discusses the concept of homozygous and 

heterozygous genotypes and their impact on 

the inheritance of traits. 

1.6. Describes the process of gamete formation 

through meiosis and how it contributes to 

genetic diversity. 

1.7. Analyzes the role of genetic recombination 

and crossing over in increasing genetic 

variation during meiosis. 

1.8. Explains how mutations can lead to genetic 

variation and their potential impact on 

inheritance patterns. 

1.9. Discusses the exceptions to Mendelian 

inheritance, such as incomplete dominance, 

codominance, and genetic linkage, and how 

they contribute to genetic variation. 

2. Explain genome organization and the role of 

genomics in modern biology. 

2.1. Describes the organization of the genome, 

including the structure of chromosomes, 

genes, and non-coding regions in both 

prokaryotes and eukaryotes. 

2.2. Explains the relationship between DNA, 

genes, and proteins, highlighting the central 

role of the genome in encoding genetic 

information for cellular function. 
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2.3. Discusses the concept of the human genome, 

including the number of genes, regulatory 

elements, and the presence of repetitive DNA 

sequences. 

2.4. Identifies the role of plasmids in prokaryotic 

genomes and their contribution to genetic 

diversity and horizontal gene transfer. 

2.5. Explains the importance of genomic 

sequencing techniques, such as next-

generation sequencing (NGS), in decoding and 

mapping genomes. 

2.6. Describes the role of bioinformatics in 

genomics, including the use of computational 

tools to analyze, interpret, and compare 

genomic data. 

2.7. Explores the significance of genomics in 

understanding gene function, disease 

mechanisms, and personalized medicine. 

2.8. Discusses the applications of genomics in 

agriculture, biotechnology, and conservation, 

including crop improvement and biodiversity 

studies. 

2.9. 

challenges in genomics, such as genetic 

privacy, gene editing, and the use of genomic 

data in clinical settings. 
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BE0001-6: Principles of Cell Biology 

The aim of this study unit is to provide students with a thorough understanding of cell structure, function, and the 

mechanisms of cellular communication. The unit also emphasizes the analysis of cell cycle processes and how cells 

respond to environmental stimuli, equipping students with the knowledge to explore cellular behaviors in various 

biological contexts, including biotechnological applications. 

Learning Outcome: Assessment Criteria: 

1. Describe cell structure, function, and 

communication mechanisms. 

1.1. Describes the structure of a typical eukaryotic cell, 

including key organelles such as the nucleus, 

mitochondria, endoplasmic reticulum, Golgi 

apparatus, and lysosomes, and their specific 

functions within the cell. 

1.2. Identifies the structure of the plasma membrane, 

including the lipid bilayer, membrane proteins, 

and the role of membrane transport mechanisms 

(e.g., diffusion, osmosis, active transport). 

1.3. Explains the role of the cytoskeleton in 

maintaining cell shape, facilitating intracellular 

transport, and enabling cell movement, including 

components like microtubules, actin filaments, 

and intermediate filaments. 

1.4. Describes the function of ribosomes in protein 

synthesis, either free in the cytoplasm or attached 

to the rough endoplasmic reticulum. 

1.5. Discusses the function and structure of 

prokaryotic cells, emphasizing the lack of 

membrane-bound organelles and the presence of 

a single circular chromosome. 

1.6. Explains cellular communication mechanisms, 

including chemical signaling via hormones, 

neurotransmitters, and cytokines, and the role of 

receptors in signal transduction. 

1.7. Describes the process of signal transduction, 

focusing on how external signals are received by 

membrane receptors and converted into cellular 

responses through second messengers (e.g., 

cAMP, calcium ions). 

1.8. Discusses intercellular communication via gap 

junctions, plasmodesmata (in plants), and 

synaptic signaling in animal cells. 

1.9. Explains the importance of homeostasis and how 

cells communicate to regulate processes such as 

metabolism, growth, and response to stress. 
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2. Analyze cell cycle processes and cellular 

responses to environmental stimuli. 

2.1. Describes the phases of the cell cycle, including 

interphase (G1, S, G2) and mitosis (prophase, 

metaphase, anaphase, telophase), and the key 

events that occur in each phase. 

2.2. Explains the role of checkpoints in the cell cycle, 

including the G1, G2, and metaphase checkpoints, 

and how they regulate the progression of the 

cycle to ensure proper cell division. 

2.3. Analyzes the regulation of the cell cycle by cyclins 

and cyclin-dependent kinases (CDKs), and the role 

of tumor suppressors (e.g., p53) and proto-

oncogenes (e.g., Ras) in controlling cell cycle 

progression. 

2.4. Discusses the process of apoptosis (programmed 

cell death), its regulation, and its importance in 

maintaining cellular homeostasis and preventing 

cancer. 

2.5. Explains the cellular responses to environmental 

stimuli, such as DNA damage, nutrient availability, 

and oxidative stress, and how these factors 

influence cell cycle progression. 

2.6. Describes the role of signaling pathways (e.g., 

MAPK, PI3K/AKT) in mediating cellular responses 

to external stimuli like growth factors, stress 

signals, and environmental changes. 

2.7. Analyzes how cells adapt to environmental 

changes, such as hypoxia or low nutrient 

conditions, through mechanisms like autophagy 

and the activation of stress response pathways. 

2.8. Explains the concept of cellular senescence and its 

role in aging and tissue homeostasis, highlighting 

the factors that induce senescence in response to 

environmental stressors. 

2.9. Discusses the impact of environmental factors, 

such as radiation, chemicals, and temperature, on 

the integrity of the cell cycle and potential 

consequences like mutations or cancer. 
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BE0001-7: Mathematics for Biotechnology 

The aim of this study unit is to equip students with the mathematical skills necessary to solve problems and 

analyze data in the field of biotechnology. The unit focuses on applying mathematical principles and models to 

interpret biological data, enabling students to effectively understand and predict behaviors in biological systems 

and biotechnological processes. 

Learning Outcome: Assessment Criteria: 

1. Apply mathematical principles to solve problems 

in biotechnology. 

1.1. Demonstrates the ability to use algebraic 

equations to calculate concentrations, 

dilution factors, and volumes in laboratory 

protocols, such as preparing solutions or 

diluting microbial cultures. 

1.2. Applies principles of statistics to analyze 

experimental data, including calculating 

means, standard deviations, and performing 

hypothesis testing to interpret results 

accurately. 

1.3. Uses mathematical models to describe growth 

kinetics of microorganisms, such as 

exponential growth and lag phases, and 

applies these models to predict microbial 

population changes over time. 

1.4. Applies logarithmic functions in calculations 

related to enzyme kinetics, such as Michaelis-

Menten equations and the determination of 

reaction rates. 

1.5. Utilizes dimensional analysis to convert units 

and solve problems involving the calculation 

of molecular weights, reaction rates, and 

dilution schemes in biotechnology 

experiments. 

1.6. Uses probability and combinatorial 

mathematics to solve problems related to 

genetic variation, such as calculating the 

likelihood of certain genetic outcomes in 

Mendelian inheritance. 

1.7. Applies basic calculus concepts to model and 

understand changes in concentration or other 

variables over time in bioprocesses, such as 

fermentation or enzyme reactions. 

1.8. Uses bioinformatics tools and algorithms to 

analyze genomic or proteomic data, including 

sequence alignment and phylogenetic tree 
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construction. 

1.9. Applies the principles of thermodynamics and 

kinetics to solve problems related to 

metabolic pathways, such as calculating Gibbs 

free energy changes or reaction velocities in 

biochemical reactions. 

2. Use mathematical models for data 

interpretation in biological systems. 

2.1. Apply appropriate mathematical models to 

analyze and interpret data from biological 

systems. 

2.2. Identify relevant variables in biological 

systems and translate them into 

mathematical representations. 

2.3. Select suitable mathematical techniques (e.g., 

statistical, differential equations) for analyzing 

biological data. 

2.4. Solve mathematical models to predict trends 

or behavior within biological systems. 

2.5. Critically assess the limitations and 

assumptions of the chosen mathematical 

models in biological contexts. 

2.6. Interpret the results of mathematical models 

in relation to biological phenomena or 

research questions. 

2.7. Validate the accuracy and reliability of the 

mathematical model outcomes through 

comparison with experimental or real-world 

data. 

2.8. Communicate findings clearly, using 

appropriate visual representations (graphs, 

charts) to present interpreted data. 

2.9. Demonstrate proficiency in using 

computational tools or software to apply 

mathematical models in biological research. 
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BE0001-8: Fundamentals of Biostatistics 

The aim of this study unit is to provide students with the foundational skills to perform basic statistical analyses 

essential for biotechnology research. The unit focuses on using statistical tools and techniques to interpret 

experimental data, enabling students to make data-driven decisions and draw valid conclusions in 

biotechnological studies and experiments. 

Learning Outcome: Assessment Criteria: 

1. Perform basic statistical analyses relevant to 

biotechnology research. 

1.1. Apply fundamental statistical methods (e.g., 

mean, median, standard deviation) to analyze 

biotechnology data. 

1.2. Select appropriate statistical tests (e.g., t-

tests, ANOVA) based on the research design 

and data type. 

1.3. Interpret the results of statistical analyses in 

the context of biotechnology research 

questions. 

1.4. Ensure the correct handling of data, including 

dealing with outliers and missing values, to 

maintain data integrity. 

1.5. Use statistical software or tools effectively to 

perform calculations and analyses on 

biotechnology data. 

1.6. Assess the significance of results by 

calculating and interpreting p-values and 

confidence intervals. 

1.7. Report statistical findings in a clear and 

precise manner, suitable for academic or 

professional biotechnology contexts. 

1.8. Apply appropriate methods for visualizing 

data (e.g., histograms, box plots) to support 

statistical findings. 

1.9. Demonstrate awareness of ethical 

considerations and limitations when 

interpreting statistical results in 

biotechnology research. 

2. Interpret experimental data using statistical 

tools and techniques. 

2.1. Select and apply appropriate statistical tools 

and techniques to analyze experimental data. 

2.2. Assess the normality and distribution of data 

to choose the correct statistical methods for 

interpretation. 

2.3. Perform hypothesis testing to determine the 

significance of experimental results. 

2.4. Calculate and interpret confidence intervals 
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and p-values to assess the reliability of 

experimental outcomes. 

2.5. Use statistical software to process, analyze, 

and visualize experimental data efficiently. 

2.6. Identify and address potential sources of bias, 

variability, and error in experimental data 

analysis. 

2.7. Interpret and communicate the implications 

of statistical results in the context of the 

experiment's objectives. 

2.8. Present experimental data findings with 

clarity, using tables, graphs, and charts to 

enhance understanding. 

2.9. Critically evaluate the limitations and 

assumptions of the chosen statistical methods 

when interpreting experimental data. 
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BE0001-9: Introduction to Engineering in Biotechnology 

The aim of this study unit is to introduce students to the engineering principles applied in biotechnology 

processes, providing a solid foundation for understanding how engineering concepts are integrated into 

biotechnological applications. The unit also explores the critical role of biotechnology in industrial applications, 

equipping students with the knowledge to understand and contribute to biotechnological innovations in 

manufacturing and production. 

Learning Outcome: Assessment Criteria: 

1. Understand engineering principles applied in 

biotechnology processes. 

1.1. Demonstrate a clear understanding of key 

engineering principles, such as mass and 

energy balance, applied to biotechnology 

processes. 

1.2. Identify and explain the role of physical, 

chemical, and biological processes in 

biotechnology applications. 

1.3. Apply principles of fluid dynamics, heat 

transfer, and material science to optimize 

biotechnology processes. 

1.4. Understand the importance of process design 

and optimization in improving the efficiency 

and scalability of biotechnology systems. 

1.5. Analyze the impact of equipment and 

instrumentation used in biotechnology 

processes on process performance. 

1.6. Evaluate the integration of engineering 

systems with biological systems to achieve 

desired outcomes in biotechnology 

applications. 

1.7. Apply principles of thermodynamics and 

kinetics to model and control biological 

reactions and processes. 

1.8. Recognize safety, regulatory, and 

environmental considerations in the design 

and operation of biotechnology processes. 

1.9. Demonstrate the ability to assess and 

improve biotechnology systems by applying 

engineering problem-solving techniques. 

2. Explain the role of biotechnology in industrial 

applications. 

2.1. Describe the key biotechnological processes 

used in industrial applications, such as 

fermentation, enzymatic reactions, and 

bioreactor design. 

2.2. Explain how biotechnology enhances the 

production of pharmaceuticals, biofuels, and 
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chemicals through microbial or cell-based 

systems. 

2.3. Discuss the role of biotechnology in the 

development of sustainable and eco-friendly 

manufacturing processes. 

2.4. Identify the applications of biotechnology in 

the food and beverage industry, including 

fermentation, food preservation, and flavor 

enhancement. 

2.5. Explain the contribution of biotechnology to 

the development of environmental solutions, 

such as waste treatment and bioremediation. 

2.6. Analyze the economic and social impact of 

biotechnology in industrial applications, 

including cost reduction and job creation. 

2.7. Evaluate the use of genetic engineering and 

synthetic biology in improving industrial 

processes and product yield. 

2.8. Discuss the regulatory and ethical 

considerations involved in the use of 

biotechnology in industrial applications. 

2.9. Illustrate the role of biotechnology in the 

development of innovative materials, such as 

biodegradable plastics and bio-based 

polymers. 
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BE0001-10: Analytical Techniques in Biotechnology 

The aim of this study unit is to provide students with a comprehensive understanding of various analytical 

techniques used in biotechnology, including spectroscopic, chromatographic, and imaging methods. The unit 

focuses on applying these techniques to analyze biological samples, equipping students with the skills necessary 

to conduct precise and reliable analyses in biotechnology research and industrial applications. 

Learning Outcome: Assessment Criteria: 

1. Demonstrate knowledge of spectroscopic, 

chromatographic, and imaging techniques. 

1.1. Explain the principles and applications of 

spectroscopic techniques, including UV-Vis, 

infrared (IR), nuclear magnetic resonance 

(NMR), and mass spectrometry (MS). 

1.2. Demonstrate understanding of 

chromatographic methods such as gas 

chromatography (GC), liquid chromatography 

(HPLC), and thin-layer chromatography (TLC) 

for separating and analyzing compounds. 

1.3. Describe the use of imaging techniques, such 

as fluorescence microscopy, confocal 

microscopy, and electron microscopy, in 

biological and chemical analysis. 

1.4. Apply spectroscopic techniques to identify 

and quantify molecular structures and 

concentrations in biological and chemical 

samples. 

1.5. Explain the advantages and limitations of 

each spectroscopic, chromatographic, and 

imaging technique in different research 

contexts. 

1.6. Select the appropriate analytical technique 

based on the nature of the sample and the 

type of data required. 

1.7. Interpret the data obtained from 

spectroscopic, chromatographic, and imaging 

techniques to draw meaningful conclusions in 

scientific studies. 

1.8. Demonstrate proficiency in operating and 

troubleshooting laboratory equipment related 

to these techniques. 

1.9. Understand the role of these analytical 

methods in quality control, process 

monitoring, and research applications in 

biotechnology. 

2. Apply these techniques to analyze biological 2.1. Select appropriate spectroscopic, 
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samples. chromatographic, or imaging techniques 

based on the specific characteristics of the 

biological sample. 

2.2. Use spectroscopic techniques (e.g., UV-Vis, 

NMR, MS) to analyze the chemical 

composition and concentration of compounds 

in biological samples. 

2.3. Apply chromatographic methods (e.g., HPLC, 

GC) to separate, identify, and quantify 

biomolecules such as proteins, lipids, or 

metabolites in biological samples. 

2.4. Utilize imaging techniques (e.g., fluorescence 

microscopy, confocal microscopy) to visualize 

cellular structures, molecular interactions, or 

the distribution of biological molecules within 

samples. 

2.5. Interpret the results from spectroscopic, 

chromatographic, and imaging analyses to 

gain insights into the biological processes or 

characteristics of the samples. 

2.6. Troubleshoot and optimize experimental 

conditions (e.g., sample preparation, 

equipment settings) to ensure accurate and 

reproducible results. 

2.7. Evaluate the sensitivity, specificity, and 

resolution of the applied techniques for 

analyzing biological samples in different 

contexts. 

2.8. Integrate data from multiple analytical 

techniques to provide a comprehensive 

understanding of the biological sample under 

investigation. 

2.9. Ensure proper handling and storage of 

biological samples to maintain sample 

integrity during analysis and avoid 

contamination. 
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BE0001-11: Basics of Bioinformatics 

The aim of this study unit is to equip students with the skills to use bioinformatics tools for the analysis of DNA, 

RNA, and protein sequences. The unit also provides a foundational understanding of data mining and 

computational approaches in biotechnology, enabling students to effectively interpret biological data and 

leverage computational resources for research and biotechnological applications. 

Learning Outcome: Assessment Criteria: 

1. Use bioinformatics tools for DNA, RNA, and 

protein sequence analysis. 

1.1. Demonstrate proficiency in using 

bioinformatics tools (e.g., BLAST, ClustalW, 

Geneious) for sequence alignment and 

comparison of DNA, RNA, and protein 

sequences. 

1.2. Apply sequence analysis tools to identify 

genes, regulatory regions, and functional 

elements within DNA and RNA sequences. 

1.3. Use bioinformatics software to predict the 

structure and function of proteins based on 

their amino acid sequences. 

1.4. Analyze sequence data for mutations, 

polymorphisms, or functional variants using 

bioinformatics platforms. 

1.5. Interpret sequence alignment results to 

determine homology and evolutionary 

relationships between different organisms or 

genes. 

1.6. Employ bioinformatics tools to annotate 

genomic data, including the identification of 

exons, introns, and untranslated regions in 

gene sequences. 

1.7. Utilize databases such as GenBank, UniProt, 

and Ensembl to retrieve and analyze 

sequence data for biological research. 

1.8. Perform phylogenetic analysis to understand 

the evolutionary relationships of genes or 

proteins using sequence data. 

1.9. Integrate bioinformatics tools with 

experimental data to validate findings and 

draw meaningful biological conclusions. 

2. Understand data mining and computational 

approaches in biotechnology. 

2.1. Explain the principles and techniques of data 

mining, including clustering, classification, 

regression, and association rule mining, in the 

context of biotechnology. 

2.2. Apply computational approaches to analyze 
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large biological datasets, such as genomic, 

proteomic, or metabolomic data, to uncover 

patterns and relationships. 

2.3. Use machine learning algorithms and artificial 

intelligence tools to predict biological 

outcomes, such as gene function, protein 

interactions, or disease pathways. 

2.4. Demonstrate the ability to preprocess and 

clean biotechnology-related data to ensure 

accuracy and consistency for analysis. 

2.5. Identify key computational tools and software 

(e.g., R, Python, MATLAB) used in data mining 

and analysis within biotechnology research. 

2.6. Interpret the results of data mining 

techniques to make informed decisions in 

biotechnology applications, such as drug 

discovery, diagnostics, and personalized 

medicine. 

2.7. Understand the ethical considerations and 

data privacy concerns when handling sensitive 

biological and clinical data. 

2.8. Apply computational models and simulations 

to predict the behavior of biological systems 

and optimize biotechnology processes. 

2.9. Evaluate the performance and reliability of 

computational models and algorithms used in 

biotechnology research. 
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BE0001–12:  Environmental Science and Sustainability 

The aim of this study unit is to provide students with an understanding of the role biotechnology plays in 

environmental conservation, including its applications in sustainable practices. The unit focuses on exploring 

innovative solutions for waste management, resource utilization, and environmental preservation, equipping 

students with the knowledge to contribute to sustainable biotechnological practices that address global 

environmental challenges. 

Learning Outcome: Assessment Criteria: 

1. Explain the role of biotechnology in 

environmental conservation. 

1.1. Describe how biotechnology contributes to 

environmental conservation through the 

development of sustainable practices and 

eco-friendly technologies. 

1.2. Explain the role of bioremediation in using 

microorganisms or plants to clean up polluted 

environments, including oil spills, heavy 

metals, and hazardous chemicals. 

1.3. Discuss the use of biotechnology in waste 

management, such as the degradation of 

organic waste through microbial processes or 

the production of biofuels from waste 

materials. 

1.4. Illustrate how biotechnology aids in the 

conservation of biodiversity through genetic 

conservation, cloning, and the restoration of 

endangered species. 

1.5. Explain the application of biotechnological 

methods in water treatment, including the 

use of algae, bacteria, or enzymes to purify 

water and remove contaminants. 

1.6. Discuss the development of biodegradable 

materials and bioplastics as alternatives to 

conventional plastics, reducing environmental 

pollution. 

1.7. Describe how biotechnology supports 

sustainable agriculture practices, such as the 

development of drought-resistant crops and 

the reduction of chemical pesticide use. 

1.8. Highlight the use of biotechnology in carbon 

capture and storage technologies, which help 

mitigate the effects of climate change. 

1.9. Analyze the role of biotechnology in the 

conservation of natural resources, including 

the efficient production of renewable energy 
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from biological sources. 

2. Understand sustainable practices for waste 

management and resource utilization. 

2.1. Explain the principles of sustainable waste 

management, focusing on reducing, reusing, 

and recycling materials to minimize 

environmental impact. 

2.2. Discuss the role of biotechnology in waste 

treatment, including the use of 

microorganisms for the degradation of 

organic waste and the transformation of 

waste into valuable by-products. 

2.3. Identify sustainable practices for resource 

utilization, such as the use of renewable 

energy sources (e.g., biofuels, biomass) in 

industrial processes. 

2.4. Describe the concept of circular economy and 

its application in biotechnology to reduce 

waste generation and promote resource 

recovery. 

2.5. Understand the methods for converting waste 

into bioenergy, including anaerobic digestion, 

composting, and the production of biogas 

from organic materials. 

2.6. Evaluate the environmental and economic 

benefits of adopting sustainable practices in 

waste management, including reduced landfill 

use and lower greenhouse gas emissions. 

2.7. Apply biotechnological processes to recycle 

and reuse industrial by-products, such as the 

use of algae in wastewater treatment or the 

conversion of agricultural waste into bio-

based products. 

2.8. Discuss the importance of life cycle 

assessments in ensuring that resource 

utilization practices are environmentally 

sustainable. 

2.9. Recognize the role of government regulations, 

industry standards, and public awareness in 

promoting sustainable waste management 

and resource conservation practices 
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BE0001-13: Bioprocess Engineering and Design 

The aim of this study unit is to provide students with a solid understanding of the principles involved in bioprocess 

development and scale-up. The unit focuses on designing and optimizing biotechnological processes for industrial 

applications, equipping students with the skills to enhance process efficiency, scalability, and sustainability in the 

biotechnology industry. 

Learning Outcome: Assessment Criteria: 

1. Understand the principles of bioprocess 

development and scale-up. 

1.1. Explain the key principles of bioprocess 

development, including the design, 

optimization, and operation of biological 

systems for industrial-scale production. 

1.2. Describe the steps involved in the development 

of a bioprocess, from laboratory-scale 

experiments to pilot-scale trials and full-scale 

production. 

1.3. Understand the role of metabolic engineering, 

fermentation, and bioreactor design in 

optimizing the yield and efficiency of 

biotechnological processes. 

1.4. Discuss the importance of process parameters 

(e.g., temperature, pH, oxygen levels, and 

nutrient concentration) in scaling up 

bioprocesses. 

1.5. Analyze the challenges involved in scaling up 

from bench-scale to industrial-scale 

bioprocesses, such as maintaining product 

quality and consistency, ensuring 

reproducibility, and optimizing mass transfer. 

1.6. Explain the need for process control systems 

and automation in bioprocess development to 

maintain optimal conditions and ensure 

continuous production. 

1.7. Recognize the importance of regulatory 

compliance and quality control in the 

development and scale-up of biotechnological 

processes for commercial use. 

1.8. Evaluate the environmental and economic 

considerations in bioprocess scale-up, including 

energy consumption, waste management, and 

cost efficiency. 

1.9. Discuss the role of bioprocess modeling and 

simulation tools in predicting and optimizing 

large-scale bioprocess performance. 

2. Design and optimize biotechnological processes 2.1. Apply principles of bioprocess engineering to 
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for industrial applications. design efficient biotechnological processes 

tailored for specific industrial applications, such 

as pharmaceuticals, biofuels, or food 

production. 

2.2. Select appropriate microorganisms, enzymes, or 

cell cultures for the desired biotechnological 

process, considering factors like yield, stability, 

and scalability. 

2.3. Design bioreactors, fermentation systems, and 

downstream processing steps to ensure optimal 

conditions for biological reactions and product 

recovery. 

2.4. Optimize process parameters (e.g., 

temperature, pH, agitation, nutrient levels) to 

enhance product yield, purity, and process 

efficiency. 

2.5. Integrate process control strategies to monitor 

and adjust key variables in real-time, ensuring 

consistent and high-quality production. 

2.6. Employ techniques such as metabolic 

engineering, synthetic biology, and enzyme 

optimization to improve the efficiency of 

biotechnological processes. 

2.7. Evaluate the economic feasibility and 

sustainability of biotechnological process 

designs, considering cost, energy consumption, 

and environmental impact. 

2.8. Address regulatory requirements and safety 

considerations in the design of biotechnological 

processes for industrial applications. 

2.9. Perform scale-up trials to transition laboratory-

scale processes to pilot and commercial-scale 

production while maintaining process efficiency 

and quality. 
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BE0001-14: Applied Microbiology and Industrial Applications 

The aim of this study unit is to equip students with the knowledge to apply microbial biotechnology across various 

industries, including food, pharmaceuticals, and agriculture. The unit emphasizes analyzing the role of 

microorganisms in driving biotechnological innovations and optimizing industrial processes, preparing students to 

contribute to advancements in microbial applications for diverse biotechnological sectors. 

Learning Outcome: Assessment Criteria: 

1. Apply microbial biotechnology to industries such 

as food, pharmaceuticals, and agriculture. 

1.1. Apply microbial biotechnology to the food 

industry by utilizing fermentation processes 

for the production of products like yogurt, 

cheese, and probiotics, while ensuring safety 

and quality control. 

1.2. Use genetically engineered microorganisms in 

pharmaceutical industries for the production 

of antibiotics, vaccines, and recombinant 

proteins, optimizing yield and efficiency. 

1.3. Employ microbial processes in agriculture for 

the development of bio fertilizers, bio 

pesticides, and soil health enhancers, 

promoting sustainable farming practices. 

1.4. Implement bioremediation techniques, using 

microbes to clean up environmental 

pollutants in industrial waste or contaminated 

agricultural land. 

1.5. Develop and optimize fermentation processes 

to produce biofuels, such as ethanol and 

biogas, through microbial action, reducing 

reliance on fossil fuels. 

1.6. Utilize microbial enzymes in industrial 

applications such as food processing, textile 

manufacturing, and detergents to improve 

efficiency and sustainability. 

1.7. Apply microbiological techniques in 

biotechnology to enhance the nutritional 

quality of food products, including the 

fortification of vitamins or the removal of ant 

nutrients. 

1.8. Assess the safety, scalability, and regulatory 

considerations of applying microbial 

biotechnology in industrial settings to ensure 

compliance with health and environmental 

standards. 

1.9. Leverage genetic modification of microbes to 
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improve their performance in industrial 

applications, including enhanced resistance to 

environmental stresses and higher product 

yields. 

2. Analyze the role of microorganisms in 

biotechnological innovations. 

2.1. Demonstrate a clear understanding of the 

types of microorganisms used in 

biotechnological innovations, including 

bacteria, fungi, and viruses. 

2.2. Evaluate the specific contributions of 

microorganisms to various biotechnological 

processes such as fermentation, genetic 

modification, and enzyme production. 

2.3. Analyze how microorganisms are genetically 

engineered for applications in medicine, 

agriculture, and environmental management. 

2.4. Assess the role of microorganisms in the 

development of biopharmaceuticals, including 

vaccines, antibiotics, and hormone therapies. 

2.5. Examine the impact of microbial processes on 

the production of biofuels and renewable 

energy sources. 

2.6. Investigate the role of microorganisms in 

waste management and bioremediation 

techniques for environmental sustainability. 

2.7. Critically assess the ethical considerations and 

safety protocols related to the use of 

genetically modified microorganisms in 

biotechnological innovations. 

2.8. Provide real-world examples of how 

microorganisms have contributed to 

advancements in biotechnological industries. 

2.9. Discuss the future potential of 

microorganisms in solving global challenges 

such as food security, health crises, and 

climate change 
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BE0001-15: Recombinant DNA Technology 

The aim of this study unit is to provide students with practical skills in basic techniques for DNA cloning, 

transformation, and expression. The unit also explores the diverse applications of recombinant DNA technology in 

research and industry, equipping students with the knowledge to apply these techniques in genetic engineering, 

biotechnology research, and industrial applications. 

Learning Outcome: Assessment Criteria: 

1. Perform basic techniques for DNA cloning, 

transformation, and expression. 

1.1. Demonstrate proficiency in preparing and 

handling DNA for cloning, including 

extraction, quantification, and purification. 

1.2. Apply standard molecular biology techniques 

such as PCR, restriction enzyme digestion, and 

gel electrophoresis for DNA analysis and 

manipulation. 

1.3. Perform the ligation of DNA fragments into 

suitable vectors for cloning purposes, 

ensuring correct orientation and minimal 

error. 

1.4. Execute bacterial transformation techniques, 

including heat shock or electroporation, for 

introducing recombinant DNA into competent 

cells. 

1.5. Identify and select transformed colonies using 

appropriate screening methods such as 

antibiotic resistance or blue/white screening. 

1.6. Demonstrate competence in expression of 

recombinant proteins by selecting suitable 

expression systems and inducing protein 

production. 

1.7. Assess the quality and quantity of expressed 

proteins through techniques like SDS-PAGE 

and Western blotting. 

1.8. Troubleshoot common issues in DNA cloning, 

transformation, and expression, including 

vector choice, efficiency of transformation, 

and protein yield. 

1.9. Maintain proper laboratory practices and 

adhere to safety protocols throughout the 

DNA cloning and expression process. 

2. Understand the applications of recombinant 

DNA in research and industry. 

2.1. Identify the key applications of recombinant 

DNA technology in various fields of research; 

including gene function studies, genetic 

mapping, and gene therapy. 
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2.2. Explain the role of recombinant DNA in the 

production of therapeutic proteins, such as 

insulin, growth factors, and monoclonal 

antibodies. 

2.3. Analyze the use of recombinant DNA 

techniques in agricultural biotechnology, 

including the development of genetically 

modified crops for pest resistance, enhanced 

nutrition, and drought tolerance. 

2.4. Discuss the role of recombinant DNA in 

environmental biotechnology, such as 

bioremediation and the production of biofuels 

from genetically engineered microorganisms. 

2.5. Examine the significance of recombinant DNA 

in the development of vaccines and 

diagnostics for infectious diseases, including 

the production of recombinant antigens. 

2.6. Evaluate the impact of recombinant DNA 

technology on industrial processes, including 

the production of enzymes for food, 

detergent, and textile industries. 

2.7. Assess the ethical, regulatory, and safety 

considerations related to the application of 

recombinant DNA in both research and 

industry. 

2.8. Investigate the use of recombinant DNA in 

personalized medicine, such as gene therapy, 

genetic screening, and precision medicine. 

2.9. Discuss the future potential and emerging 

applications of recombinant DNA technology 

in areas such as synthetic biology, gene 

editing, and regenerative medicine. 
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BE0001-16: Biomaterials and Nanotechnology 

The aim of this study unit is to provide students with an understanding of the properties and applications of 

biomaterials in biotechnology, focusing on their role in medical and industrial applications. The unit also explores 

the emerging field of nanotechnology, particularly its role in drug delivery and diagnostics, equipping students 

with the knowledge to innovate and apply these technologies in biotechnology and healthcare. 

Learning Outcome: Assessment Criteria: 

1. Describe the properties and applications of 

biomaterials in biotechnology. 

1.1. Identify the key properties of biomaterials, 

including biocompatibility, biodegradability, 

mechanical strength, and bioactivity, that make 

them suitable for use in biotechnology 

applications. 

1.2. Describe the types of biomaterials commonly 

used in biotechnology, such as natural polymers 

(e.g., collagen, chitosan), synthetic polymers 

(e.g., polylactic acid, polyethylene glycol), and 

ceramic materials. 

1.3. Explain the role of biomaterials in tissue 

engineering, including their use in scaffolds for 

cell growth and tissue regeneration. 

1.4. Discuss the application of biomaterials in drug 

delivery systems, focusing on controlled release 

mechanisms and targeted delivery to specific 

tissues or organs. 

1.5. Analyze the use of biomaterials in wound 

healing, such as dressings and bioactive 

materials that promote tissue regeneration and 

prevent infection. 

1.6. Examine the integration of biomaterials in 

medical devices, including implants, prosthetics, 

and diagnostic tools, highlighting their 

importance in improving patient outcomes. 

1.7. Evaluate the role of biomaterials in biosensors, 

where they are used to detect specific biological 

molecules or pathogens for diagnostic and 

monitoring purposes. 

1.8. Investigate the environmental applications of 

biomaterials in biotechnology, such as bioplastics 

and biodegradable materials that contribute to 

sustainable practices. 

1.9. Assess the challenges and limitations of 

biomaterials, including issues related to long-

term stability, immune response, and scalability 
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for industrial applications. 

2. Understand the role of nanotechnology in drug 

delivery and diagnostics. 

2.1. Explain the fundamental principles of 

nanotechnology, including the manipulation of 

materials at the nanoscale, and how these 

principles are applied in drug delivery and 

diagnostics. 

2.2. Describe the types of nanomaterials commonly 

used in drug delivery, such as nanoparticles, 

liposomes, dendrimers, and micelles, and their 

advantages in targeted delivery systems. 

2.3. Analyze the role of nanotechnology in improving 

the bioavailability of poorly soluble drugs, 

allowing for enhanced therapeutic efficacy and 

reduced side effects. 

2.4. Discuss how nanotechnology enables the 

controlled and sustained release of drugs, 

optimizing treatment regimens and improving 

patient compliance. 

2.5. Explain the concept of passive and active 

targeting in nanomedicine, including how 

nanoparticles can be designed to target specific 

tissues, cells, or receptors for precision drug 

delivery. 

2.6. Investigate the use of nanotechnology in 

diagnostics, focusing on the development of 

highly sensitive nanomaterial-based sensors for 

detecting biomarkers and pathogens. 

2.7. Evaluate the potential of nanotechnology in 

imaging techniques, such as using nanoparticles 

as contrast agents for enhanced medical imaging 

(e.g., MRI, CT scans). 

2.8. Assess the safety and regulatory considerations 

surrounding the use of nanomaterials in drug 

delivery and diagnostics, including toxicity, 

biocompatibility, and environmental impact. 

2.9. Explore the future applications of 

nanotechnology in personalized medicine, where 

nano-enabled drug delivery systems and 

diagnostic tools can be tailored to individual 

patient needs. 
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BE0001-17: Immunology and Vaccine Development 

The aim of this study unit is to provide students with a comprehensive understanding of the components and 

functions of the immune system. The unit also focuses on the principles of vaccine production and the 

development of immunotherapeutic, equipping students with the knowledge to contribute to advancements in 

immunology, vaccine development, and immune-based therapies in biotechnology and medicine. 

Learning Outcome: Assessment Criteria: 

1. Explain the components and functions of the 

immune system. 

1.1. Identify the key components of the immune 

system, including primary lymphoid organs 

(bone marrow and thymus) and secondary 

lymphoid organs (lymph nodes, spleen, and 

mucosal-associated lymphoid tissues). 

1.2. Describe the two main types of immunity: 

innate immunity, which provides the first line 

of defense against pathogens, and adaptive 

immunity, which offers targeted protection 

and memory. 

1.3. Explain the role of white blood cells 

(leukocytes) in immune responses, focusing 

on macrophages, neutrophils, dendritic cells, 

B cells, and T cells. 

1.4. Analyze the function of antibodies 

(immunoglobulins) in adaptive immunity, 

including their role in recognizing and 

neutralizing foreign pathogens. 

1.5. Discuss the role of T cells in cellular immunity, 

differentiating between helper T cells (which 

coordinate immune responses) and cytotoxic 

T cells (which kill infected cells). 

1.6. Explain the function of antigen-presenting 

cells (APCs), such as dendritic cells and 

macrophages, in activating T cells and 

initiating adaptive immune responses. 

1.7. Describe the process of immune memory, 

whereby B and T cells recognize and respond 

more effectively to pathogens encountered 

previously. 

1.8. Investigate the complement system, its 

components, and its role in amplifying 

immune responses through pathogen 

elimination and inflammation. 

1.9. Assess the importance of cytokines in immune 

regulation, coordinating the actions of 
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different immune cells and promoting 

inflammation. 

2. Develop an understanding of vaccine production 

and immunotherapeutic. 

2.1. Explain the basic principles of vaccine 

development, including the goal of 

stimulating the immune system to produce a 

protective immune response without causing 

disease. 

2.2. Describe the different types of vaccines, 

including inactivated, live-attenuated, 

subunit, recombinant, and mRNA vaccines, 

highlighting their methods of action and 

advantages. 

2.3. Discuss the process of vaccine production, 

from antigen identification and formulation to 

preclinical testing, clinical trials, and 

regulatory approval. 

2.4. Analyze the role of adjuvants in enhancing 

vaccine efficacy, focusing on their ability to 

boost immune responses and prolong antigen 

exposure. 

2.5. Investigate the development and use of 

mRNA vaccines, explaining how they work by 

encoding viral proteins to stimulate an 

immune response, with specific examples like 

COVID-19 vaccines. 

2.6. Explain the concept of herd immunity and its 

role in protecting populations from infectious 

diseases through widespread vaccination. 

2.7. Explore the concept of immunotherapy, 

including its use in treating cancers, 

autoimmune diseases, and chronic infections, 

through approaches like monoclonal 

antibodies, immune checkpoint inhibitors, 

and CAR-T cell therapy. 

2.8. Evaluate the challenges in vaccine 

development, including issues of safety, 

efficacy, production scale, and public 

acceptance. 

2.9. Assess the ethical, regulatory, and safety 

considerations in vaccine production and 

immunotherapeutic interventions, ensuring 

public health and individual safety. 
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BE0001—18: Protein Engineering and Enzyme Technology 

The aim of this study unit is to provide students with an in-depth understanding of protein structure-function 

relationships and their applications in biotechnology. The unit emphasizes techniques for engineering proteins 

and enzymes, focusing on their optimization for industrial applications such as biofuels, pharmaceuticals, and 

biocatalysts, preparing students to innovate and contribute to the development of enzyme-based solutions in 

various biotechnological fields. 

Learning Outcome: Assessment Criteria: 

1. Analyze protein structure-function relationships. 1.1. Describe the four levels of protein structure: 

primary, secondary, tertiary, and quaternary, 

and how each level contributes to the overall 

function of the protein. 

1.2. Explain the role of amino acid sequences in 

determining protein folding and function, 

emphasizing how changes in the sequence 

(mutations) can affect protein structure and 

activity. 

1.3. Analyze the significance of protein domains and 

motifs in determining specific functional 

properties, such as enzyme activity, ligand 

binding, or cellular localization. 

1.4. Investigate the relationship between protein 

structure and its biochemical properties, such as 

stability, solubility, and responsiveness to 

environmental factors like temperature, pH, and 

ionic strength. 

1.5. Discuss the role of post-translational 

modifications, such as phosphorylation, 

glycosylation, and ubiquitination, in regulating 

protein activity and interaction with other 

molecules. 

1.6. Explore the concept of allosteric regulation and 

how conformational changes in protein structure 

can affect enzyme activity or the binding of 

substrates or cofactors. 

1.7. Analyze the role of protein-protein interactions 

in cellular processes, including signal 

transduction, immune response, and cellular 

transport, and how these interactions are 

influenced by protein structure. 

1.8. Evaluate the impact of misfolded proteins and 

protein aggregation on diseases, such as 

Alzheimer's, Parkinson's, and cystic fibrosis, and 
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how these can be linked to disrupted structure-

function relationships. 

1.9. Apply the principles of protein structure-function 

relationships in drug design, including the 

development of small molecules or biologics that 

target specific protein structures to modulate 

function in disease therapy. 

2. Apply techniques to engineer enzymes for 

industrial applications. 

2.1. Demonstrate an understanding of enzyme 

engineering principles, including site-directed 

mutagenesis, directed evolution, and rational 

design, to enhance enzyme performance for 

specific industrial applications. 

2.2. Apply site-directed mutagenesis techniques to 

introduce specific mutations into enzyme genes, 

optimizing properties such as substrate 

specificity, stability, or catalytic efficiency. 

2.3. Utilize directed evolution strategies to create 

enzyme variants with improved performance, 

involving iterative rounds of random 

mutagenesis and screening for desired traits. 

2.4. Explain the process of enzyme immobilization, 

including methods like covalent bonding, 

entrapment, or adsorption, to enhance enzyme 

stability and facilitate their reuse in industrial 

processes. 

2.5. Analyze the use of genetic engineering to 

overexpress enzymes in host organisms, such as 

bacteria, yeast, or fungi, to achieve high-yield 

production for industrial applications. 

2.6. Apply computational modeling tools to predict 

enzyme structure and function, guiding the 

design of enzymes with improved efficiency and 

specificity for industrial processes. 

2.7. Evaluate the optimization of reaction conditions 

(e.g., temperature, pH, solvent composition) to 

improve enzyme activity and stability in 

industrial environments. 

2.8. Assess the integration of engineered enzymes 

into industrial bioprocesses, such as the 

production of biofuels, pharmaceuticals, food 

and beverages, and detergents. 
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BE0001-19 Bioinformatics Tools and Applications 

The aim of this study unit is to equip students with advanced skills in using bioinformatics tools for genome 

annotation and functional analysis. The unit also focuses on applying computational biology techniques to solve 

complex biotechnological problems, enabling students to interpret large-scale biological data and contribute to 

the advancement of biotechnology through data-driven solutions. 

Learning Outcome: Assessment Criteria: 

1. Use advanced bioinformatics tools for genome 

annotation and functional analysis. 

1.1. Demonstrate proficiency in using 

bioinformatics tools, such as BLAST, GenBank, 

and Ensembl, for genome sequence retrieval, 

alignment, and annotation. 

1.2. Apply genome annotation pipelines to predict 

gene locations, coding regions, and regulatory 

elements within genomic sequences. 

1.3. Utilize tools like GeneMark, Augustus, or 

MAKER to annotate genes and identify 

functional elements in prokaryotic and 

eukaryotic genomes. 

1.4. Perform functional annotation of genes using 

databases such as UniProt, KEGG, and GO 

(Gene Ontology) to assign biological 

functions, pathways, and cellular processes. 

1.5. Use sequence alignment tools like ClustalW, 

MAFFT, or MUSCLE for multiple sequence 

alignments to identify conserved regions and 

infer evolutionary relationships. 

1.6. Analyze genomic data for non-coding RNAs, 

including microRNAs, long non-coding RNAs, 

and ribosomal RNA genes, using tools such as 

miRBase and Rfam. 

1.7. Apply tools like InterProScan or Pfam to 

identify protein domains and motifs, helping 

to infer protein function from sequence data. 

1.8. Utilize RNA-Seq and ChIP-Seq data analysis 

tools, such as STAR and Bowtie, to study gene 

expression and chromatin modifications. 

1.9. Interpret genomic variations (e.g., SNPs, 

indels) and assess their potential impact on 

gene function, protein structure, and 

associated phenotypes. 

2. Apply computational biology to solve 

biotechnological problems. 

2.1. Utilize computational modeling techniques, 

such as molecular dynamics simulations and 

docking studies, to predict the behavior of 
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biomolecules and optimize their interaction in 

biotechnological applications. 

2.2. Apply machine learning algorithms to analyze 

large-scale biological data sets, such as 

genomic, transcriptomic, or proteomic data, 

to identify patterns and make predictions 

relevant to biotechnology. 

2.3. Use computational tools to model metabolic 

pathways and predict the effects of genetic 

modifications on cellular processes, 

optimizing metabolic engineering for 

industrial applications like biofuel production. 

2.4. Apply systems biology approaches to 

integrate multi-omics data and build 

predictive models of biological systems, 

facilitating the design of synthetic biology 

systems or the improvement of bioprocesses. 

2.5. Utilize bioinformatics software, such as 

PyMOL or Chimera, to analyze and visualize 

protein structures, aiding in the design of 

enzymes and other biomolecules for industrial 

or therapeutic purposes. 

2.6. Implement computational algorithms for 

genome-wide association studies (GWAS) to 

identify genetic factors that contribute to 

disease or desirable traits, aiding in the 

development of targeted therapies or 

genetically modified organisms. 

2.7. Use computational tools to design and 

optimize DNA sequences for synthetic biology 

applications, including gene synthesis, 

plasmid construction, and CRISPR-based 

genome editing. 

2.8. Apply computational drug discovery methods, 

such as virtual screening and quantitative 

structure-activity relationship (QSAR) 

modeling, to identify novel drug candidates 

for biotechnological applications. 

2.9. Employ data mining techniques to extract 

valuable insights from large biological 

databases, enhancing the efficiency of 

research and development in biotechnology 

fields.. 
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BE0001-20: Environmental Biotechnology and Waste Management 

The aim of this study unit is to provide students with a comprehensive understanding of biotechnological 

approaches to environmental restoration, including methods for waste recycling and pollution control. The unit 

focuses on analyzing bio-based strategies for waste management and environmental sustainability, equipping 

students with the knowledge to address global environmental challenges using biotechnological solutions. 

Learning Outcome: Assessment Criteria: 

1. Understand biotechnological approaches to 

environmental restoration. 

1.1. Explain the role of biotechnology in 

environmental restoration, including its use in 

cleaning up pollutants, restoring ecosystems, and 

improving environmental sustainability. 

1.2. Describe bioremediation techniques that use 

microorganisms, plants, or enzymes to degrade, 

transform, or remove contaminants from soil, 

water, and air, highlighting examples like oil spill 

cleanup or heavy metal removal. 

1.3. Analyze the application of phytoremediation, 

where plants are used to absorb, degrade, or 

immobilize pollutants, and discuss the 

advantages and limitations of this approach. 

1.4. Investigate the use of bio augmentation, where 

beneficial microbes are introduced to enhance 

the natural degradation processes of 

environmental contaminants, such as in 

wastewater treatment. 

1.5. Explore the role of genetic engineering in 

improving microorganisms or plants for 

enhanced environmental restoration, such as the 

creation of genetically modified organisms 

(GMOs) with specific traits for pollutant 

degradation or tolerance. 

1.6. Discuss the potential of mycoremediation, where 

fungi are utilized to break down organic 

pollutants and restore ecosystems, including 

their use in the treatment of contaminated soils 

and water. 

1.7. Examine the role of biosensors in environmental 

monitoring, using genetically engineered 

organisms to detect and measure pollutants in 

real time, enabling more efficient restoration 

efforts. 

1.8. Assess the use of microbial fuel cells and other 

bio electrochemical systems to treat waste while 
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generating energy, contributing to both 

environmental restoration and sustainable 

energy production. 

2. Analyze strategies for bio-based waste recycling 

and pollution control. 

2.1. Investigate the principles and techniques of bio-

based waste recycling, focusing on using 

biological processes such as composting, 

anaerobic digestion, and microbial degradation 

to recycle organic waste into valuable products 

like biogas, compost, or bio fertilizers. 

2.2. Analyze the role of bioconversion in waste 

recycling, where microorganisms or enzymes are 

used to break down waste materials, such as 

converting agricultural waste into biofuels or 

biodegradable plastics. 

2.3. Discuss the application of microbial fuel cells 

(MFCs) in waste recycling and pollution control, 

where microbes break down organic waste to 

generate electricity while simultaneously 

treating wastewater or removing contaminants. 

2.4. Evaluate the potential of genetically engineered 

microorganisms for improving the efficiency and 

specificity of waste degradation, such as the use 

of engineered bacteria to degrade plastics, oil 

spills, or industrial pollutants. 

2.5. Examine the concept of zero-waste 

biotechnology, where biological systems are 

designed to minimize waste and maximize the 

reuse of by-products, including the conversion of 

waste into food, energy, or raw materials 

through biotechnological innovations. 

2.6. Investigate the role of algae in bio-based waste 

recycling, focusing on their ability to absorb 

excess nutrients and pollutants from 

wastewater, while also producing biofuels, 

animal feed, or bioplastics. 

2.7. Explore the use of bioremediation in pollution 

control, where bacteria, fungi, or plants are used 

to clean up environmental pollutants through 

natural or enhanced microbial processes. 

2.8. Analyze the benefits and limitations of using 

biotechnology for air pollution control, including 

the use of bio filters, phytoremediation, and bio 

augmentation to remove pollutants like nitrogen 

oxides, VOCs, and particulate matter. 
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BE0001-21: Bioreactors and Fermentation Technology 

The aim of this study unit is to provide students with an understanding of the operation and design of bioreactors, 

focusing on optimizing fermentation processes for large-scale production. The unit equips students with the 

knowledge and skills to enhance the efficiency, scalability, and sustainability of fermentation-based 

biotechnological processes in industrial applications. 

Learning Outcome: Assessment Criteria: 

1. Explain the operation and design of bioreactors. 1.1. Describe the basic components of a bioreactor, 

including the vessel, agitator, gas and liquid 

inlet/outlet systems, temperature and pH control 

mechanisms, and sensors for monitoring key 

parameters such as oxygen, pressure, and 

nutrients. 

1.2. Explain the types of bioreactors, including batch, 

continuous, fed-batch, and perfusion systems, 

and how each type is suited for specific 

applications in biotechnology, such as 

fermentation or cell culture. 

1.3. Discuss the principles of mass transfer in 

bioreactors, focusing on the movement of gases 

(e.g., oxygen) and nutrients into the culture 

medium and the removal of waste products (e.g., 

CO₂), and how these processes impact cell growth 

and productivity. 

1.4. Analyze the role of agitation and mixing in 

bioreactor operation, emphasizing the 

importance of uniform distribution of nutrients, 

oxygen, and temperature within the bioreactor to 

ensure optimal growth conditions for cells or 

microorganisms. 

1.5. Explain the design considerations for scaling up 

bioreactors from laboratory to industrial scale, 

including challenges related to mixing, heat 

transfer, and maintaining uniformity in large 

volumes. 

1.6. Explore the different types of bioreactor 

configurations, such as stirred-tank reactors, airlift 

reactors, membrane bioreactors, and photo 

bioreactors, and the specific advantages and 

limitations of each for various biotechnological 

processes. 

1.7. Discuss the use of control systems and 

automation in bioreactor operation, including the 
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integration of sensors, feedback loops, and 

computerized monitoring systems to maintain 

optimal conditions and ensure reproducibility and 

consistency in large-scale production. 

1.8. Examine the role of bioreactors in various 

applications, such as microbial fermentation for 

the production of biofuels, pharmaceuticals, and 

enzymes, as well as in mammalian cell culture for 

the production of vaccines, monoclonal 

antibodies, and other biologics. 

1.9. Evaluate the impact of bioreactor design on 

product yield, quality, and cost-effectiveness, 

considering factors such as nutrient utilization, 

waste accumulation, and the need for specialized 

conditions for different types of cultures (e.g., 

aerobic vs. anaerobic). 

2. Optimize fermentation processes for large-scale 

production. 

2.1. Explain the key parameters that influence 

fermentation processes, such as temperature, pH, 

oxygen levels, nutrient supply, and agitation, and 

how optimizing these factors enhances microbial 

growth and product yield in large-scale 

fermentation. 

2.2. Discuss the design and selection of appropriate 

fermentation media, including the choice of 

carbon, nitrogen, and trace elements, to support 

optimal microbial growth and maximize product 

formation during fermentation. 

2.3. Analyze the importance of oxygen transfer in 

aerobic fermentation processes and apply 

strategies to optimize oxygen availability, such as 

controlling agitation speed, aeration rates, and 

reactor design to maintain an ideal oxygen 

transfer coefficient (Kla). 

2.4. Describe the techniques used for monitoring and 

controlling fermentation variables, including real-

time measurement of dissolved oxygen, pH, 

temperature, and substrate concentration, using 

sensors and feedback loops to maintain optimal 

conditions. 

2.5. Apply strategies to optimize inoculum preparation 

and seed culture conditions, ensuring that the 

fermentation starts with a high-quality inoculum 

that supports efficient growth and product 

formation during scaling up. 
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2.6. Discuss the role of feeding strategies in optimizing 

fermentation, including batch, fed-batch, and 

continuous feeding methods, and how they are 

used to control nutrient levels and prevent 

substrate inhibition or depletion during 

fermentation. 

2.7. Explore the concept of metabolic engineering to 

enhance the efficiency of fermentation processes, 

such as modifying microbial strains to improve 

substrate utilization, increase tolerance to 

product toxicity, or boost product yields. 

2.8. Evaluate the impact of fermentation kinetics on 

large-scale processes, focusing on growth rates, 

product formation rates, and substrate utilization, 

and how mathematical models can be used to 

predict and optimize these parameters in 

industrial-scale fermentations. 

2.9. Investigate strategies to manage waste products 

and by-products, such as CO₂, ethanol, or organic 

acids, during fermentation, ensuring their removal 

or conversion to minimize negative impacts on 

the process and maximize yield. 
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BE0001—22: Biomedical Engineering Basics 

The aim of this study unit is to provide students with a foundational understanding of the integration of 

biotechnology and engineering in the development of medical applications. By exploring the critical role of 

biomedical devices and technologies, the unit will equip students with the analytical skills required to assess their 

impact on healthcare solutions. Students will gain insight into how engineering principles are applied to solve 

medical challenges, with a focus on the design, functionality, and innovation of biomedical technologies in 

improving patient care and medical outcomes. 

Learning Outcome: Assessment Criteria: 

1. Understand the integration of biotechnology 

and engineering in medical applications. 

1.1. Explain the key principles behind the integration 

of biotechnology and engineering, focusing on 

how they combine to create medical applications 

such as diagnostics, therapeutics, and medical 

devices. 

1.2. Analyze the role of biomedical engineering in 

developing biotechnological innovations, such as 

the design of prosthetics, implants, and 

biosensors that utilize biological materials and 

principles for medical use. 

1.3. Discuss the use of biocompatible materials in 

medical devices and implants, examining how 

biotechnology is used to modify or enhance 

materials to interact safely and effectively with 

biological tissues. 

1.4. Explore the application of tissue engineering, 

including the creation of scaffolds, cell cultures, 

and organ regeneration techniques, and how 

biotechnology and engineering work together to 

develop functional tissues and organs for 

transplantation. 

1.5. Describe the role of biotechnology in drug 

delivery systems, emphasizing the use of 

engineered nanoparticles, liposomes, and 

biomaterials to target drugs more effectively to 

specific sites within the body, improving 

therapeutic outcomes. 

1.6. Examine the development of biotechnological 

diagnostic tools, such as biosensors, microarrays, 

and point-of-care devices, and how engineering 

innovations help improve their sensitivity, 

specificity, and applicability in clinical settings. 

1.7. Analyze the application of synthetic biology and 

genetic engineering in the development of novel 
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therapeutic agents, such as gene therapies and 

personalized medicine, and how engineering 

principles are used to scale these solutions for 

real-world medical applications. 

1.8. Discuss the use of bioreactors and bioprocess 

engineering in the production of therapeutic 

proteins, vaccines, and monoclonal antibodies, 

highlighting the importance of optimizing these 

processes for efficient and scalable production. 

1.9. Investigate the role of nanotechnology in 

medicine, particularly in drug delivery, imaging, 

and diagnostics, and how the convergence of 

biotechnology and engineering enables the design 

of nanoscale materials for precise medical 

applications. 

2. Analyze the role of biomedical devices and 

technologies. 

2.1. Evaluate the importance of biomedical devices 

and technologies in modern healthcare, focusing 

on how they improve patient diagnosis, 

treatment, and monitoring, and contribute to 

overall healthcare efficiency and outcomes. 

2.2. Analyze the various types of biomedical devices, 

including diagnostic devices (e.g., imaging 

systems, biosensors), therapeutic devices (e.g., 

pacemakers, insulin pumps), and assistive devices 

(e.g., prosthetics, hearing aids), and their specific 

roles in enhancing medical care. 

2.3. Explore the design and development process of 

biomedical devices, emphasizing the integration 

of engineering, biotechnology, and materials 

science to create devices that are safe, effective, 

and reliable for clinical use. 

2.4. Discuss the role of implantable medical devices 

(IMDs), such as stents, heart valves, and neural 

implants, and how advancements in materials and 

biotechnology have improved their functionality, 

biocompatibility, and long-term performance. 

2.5. Examine the application of wearable medical 

technologies, including fitness trackers, glucose 

monitors, and ECG devices, and how they provide 

continuous health monitoring and enable 

personalized healthcare management. 

2.6. Investigate the role of biotechnology in the 

development of bioelectronics devices, such as 

brain-computer interfaces and neuroprosthetics, 
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which use electrical signals to interact with 

biological systems and offer new treatment 

options for neurological conditions. 

2.7. Assess the impact of point-of-care (POC) 

diagnostic devices, which provide rapid and 

accurate diagnostic results outside of traditional 

healthcare settings, and how they improve access 

to healthcare and reduce diagnostic delays. 

2.8. Analyze the contribution of medical imaging 

technologies, such as MRI, CT scans, and 

ultrasound, to accurate diagnosis and treatment 

planning, focusing on how biotechnology 

innovations have enhanced imaging resolution, 

contrast, and functionality. 

2.9. Explore the role of robotics and automated 

systems in surgical procedures, rehabilitation, and 

prosthetics, and how these technologies enhance 

precision, reduce recovery times, and improve 

patient outcomes. 
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BE0001-23: Advanced Biostatistics and Data Analysis 

The aim of this study unit is to equip students with the advanced statistical techniques and analytical skills 

required to interpret and evaluate complex datasets in the field of biostatistics. Emphasizing the application of 

these methods to real-world research, the unit will enable students to proficiently utilize bio statistical software 

for data analysis. Students will gain a deeper understanding of how to apply these advanced tools to draw 

meaningful conclusions from biomedical research, supporting evidence-based decision-making and the 

advancement of scientific knowledge in healthcare and life sciences. 

Learning Outcome: Assessment Criteria: 

1. Apply advanced statistical methods to analyze 

complex datasets. 

1.1. Apply multivariate statistical techniques, such 

as principal component analysis (PCA), cluster 

analysis, and factor analysis, to explore 

patterns, relationships, and structure within 

complex datasets, enhancing data 

interpretation and decision-making. 

1.2. Utilize regression models, including linear, 

logistic, and non-linear regression, to quantify 

relationships between variables, predict 

outcomes, and assess the impact of different 

predictors on the dependent variable. 

1.3. Implement time series analysis and 

forecasting methods to analyze datasets with 

temporal components, including techniques 

like autoregressive integrated moving average 

(ARIMA) models, to predict trends and 

seasonal variations. 

1.4. Apply Bayesian statistics to incorporate prior 

knowledge into the analysis and update 

model parameters as new data becomes 

available, offering a probabilistic approach for 

complex decision-making. 

1.5. Use machine learning algorithms, such as 

support vector machines (SVM), random 

forests, and neural networks, for predictive 

modeling and classification of complex, high-

dimensional datasets. 

1.6. Employ advanced hypothesis testing 

methods, including ANOVA (Analysis of 

Variance), chi-square tests, and t-tests, to 

determine statistical significance and draw 

valid conclusions from experimental and 

observational data. 

1.7. Apply resampling techniques, such as 
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bootstrapping and cross-validation, to assess 

model stability, estimate confidence intervals, 

and optimize model performance while 

minimizing overfitting. 

1.8. Integrate data visualization techniques, such 

as heat maps, scatter plots, and 3D plots, to 

effectively communicate insights from 

complex datasets and identify trends, outliers, 

and correlations. 

1.9. Use dimensionality reduction methods, such 

as t-Distributed Stochastic Neighbor 

Embedding (t-SNE) or auto encoders, to 

manage large datasets and extract meaningful 

patterns while preserving essential 

information. 

2. Interpret research findings using bio statistical 

software. 

2.1. Demonstrate proficiency in using bio 

statistical software, such as SPSS, R, SAS, or 

STATA, to import, clean, and manipulate 

datasets, ensuring accurate and efficient data 

preparation for analysis. 

2.2. Apply software tools to perform descriptive 

statistical analysis, including the calculation of 

means, medians, standard deviations, and 

frequency distributions, to summarize and 

understand dataset characteristics. 

2.3. Use inferential statistical methods in bio 

statistical software to conduct hypothesis 

testing (e.g., t-tests, chi-square tests, ANOVA) 

and assess the significance of research 

findings, ensuring proper application of tests 

based on data type and study design. 

2.4. Implement regression analysis (linear, logistic, 

multiple) using bio statistical software to 

model relationships between variables, 

predict outcomes, and assess the strength of 

associations in research data. 

2.5. Perform survival analysis using tools like 

Kaplan-Meier estimators and Cox 

proportional hazards models to interpret 

time-to-event data and evaluate factors 

influencing survival or failure rates in clinical 

studies. 

2.6. Utilize software to conduct multivariate 

analysis (e.g., MANOVA, factor analysis) for 
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handling complex datasets with multiple 

dependent variables, providing deeper 

insights into research findings. 

2.7. Generate and interpret graphical 

representations of data, such as histograms, 

box plots, scatter plots, and survival curves, 

using bio statistical software to visualize 

trends, patterns, and outliers in research 

findings. 

2.8. Conduct power analysis using bio statistical 

software to determine sample sizes needed 

for hypothesis testing, ensuring the study 

design is statistically valid and able to detect 

significant effects. 

2.9. Interpret the output of statistical models, 

including p-values, confidence intervals, effect 

sizes, and model fit indices, to draw valid 

conclusions and communicate findings in a 

clear and precise manner. 
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BE0001-24: Ethical and Regulatory Aspects of Biotechnology 

The aim of this study unit is to provide students with a comprehensive understanding of the ethical considerations 

and regulatory frameworks that govern biotechnology research and applications. Students will explore the moral, 

legal, and social implications of biotechnological advancements, with a focus on responsible innovation. 

Additionally, the unit will enable students to analyze global regulatory standards and policies that shape 

biotechnology practices, ensuring that students are equipped to navigate the complexities of ethical dilemmas 

and regulatory compliance in both research and commercial biotechnology settings. 

Learning Outcome: Assessment Criteria: 

1. Understand ethical considerations in 

biotechnology research and applications. 

1.1. Identify key ethical principles in 

biotechnology, including respect for human 

dignity, autonomy, and justice, and explain 

how these principles guide decisions in 

research and biotechnology applications. 

1.2. Analyze the ethical implications of genetic 

engineering, gene editing technologies (e.g., 

CRISPR), and their potential effects on 

individuals, populations, and ecosystems, 

ensuring informed consent and minimizing 

harm. 

1.3. Evaluate the ethical considerations in human 

and animal research, emphasizing the 

importance of ethical review boards, consent 

processes, and adherence to guidelines like 

the Declaration of Helsinki and the Animal 

Welfare Act. 

1.4. Discuss the balance between scientific 

progress and public safety, particularly in 

biotechnological innovations like genetically 

modified organisms (GMOs), synthetic 

biology, and biopharmaceuticals, addressing 

concerns related to environmental and 

human health risks. 

1.5. Examine the ethical challenges in bio banking, 

including the collection, storage, and use of 

biological samples, ensuring proper consent, 

privacy, and data protection of individuals 

contributing to biotechnological research. 

1.6. Analyze the ethical issues related to 

intellectual property rights, patents, and 

access to biotechnological innovations, 

focusing on the equitable distribution of 

benefits from biotechnological advancements. 
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1.7. Investigate the societal implications of 

biotechnological applications, including 

concerns about social inequality, 

discrimination, and the potential misuse of 

biotechnology in areas like cloning, eugenics, 

and bioweapons. 

1.8. Discuss ethical decision-making frameworks 

for biotechnology research, emphasizing 

transparency, accountability, and the 

involvement of diverse stakeholders in 

addressing moral dilemmas. 

1.9. Assess the role of regulatory agencies in 

ensuring ethical biotechnology practices, 

including the role of international 

organizations like the World Health 

Organization (WHO) and national bodies in 

regulating safety and ethical standards. 

2. Analyze global regulatory frameworks governing 

biotechnology practices. 

2.1. Evaluate the role of international regulatory 

frameworks, such as the World Health 

Organization (WHO), the Organization for 

Economic Co-operation and Development 

(OECD), and the Codex Alimentarius, in 

setting global standards for biotechnology 

practices, ensuring safety, efficacy, and 

ethical compliance across borders. 

2.2. Analyze the regulatory processes for 

genetically modified organisms (GMOs) in 

different regions, comparing the policies of 

major governing bodies such as the European 

Union, the United States, and the United 

Nations Convention on Biological Diversity, 

and their approach to safety assessments and 

public acceptance. 

2.3. Discuss the regulation of biotechnology 

products, including biopharmaceuticals, 

medical devices, and diagnostics, and the role 

of organizations like the U.S. Food and Drug 

Administration (FDA), the European 

Medicines Agency (EMA), and the World 

Trade Organization (WTO) in ensuring product 

safety, efficacy, and market approval. 

2.4. Examine the frameworks governing the 

ethical approval of biotechnological research, 

including institutional review boards (IRBs) 
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and ethics committees, and their role in 

ensuring research adheres to principles of 

human rights, informed consent, and 

participant safety. 

2.5. Assess the role of patenting and intellectual 

property (IP) laws in biotechnology, including 

the regulations surrounding biotech patents, 

gene patents, and biotechnological 

innovations, and their impact on research, 

commercialization, and global access to 

technology. 

2.6. Explore the regulation of environmental 

impacts from biotechnology, such as the 

release of GMOs into the environment, and 

how national and international frameworks 

like the Cartagena Protocol on Biosafety 

govern the containment, monitoring, and risk 

assessment processes for biotechnological 

products. 

2.7. Investigate the regulatory challenges posed 

by emerging biotechnologies, such as gene 

editing tools like CRISPR, and the global 

efforts to create guidelines for their ethical 

application, focusing on international 

agreements, national laws, and scientific 

oversight. 

2.8. Discuss the role of national governments in 

biotechnology regulation, comparing 

regulatory approaches in countries like the 

U.S., China, India, and Brazil, and how these 

laws balance innovation with public health, 

safety, and environmental protection. 

2.9. Evaluate the impact of regulatory divergence 

on global biotechnology practices, including 

the challenges faced by multinational 

companies in navigating different regulatory 

environments, and the potential for 

harmonization or standardization of 

regulatory procedures. 
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BE0001-25: Genetic Engineering and Genomic Editing 

The aim of this study unit is to provide students with a thorough understanding of advanced techniques in genetic 

engineering, including genome editing tools such as CRISPR, and their applications in biotechnology. Students will 

gain practical knowledge of how these technologies are used to manipulate genetic material for research and 

therapeutic purposes. Additionally, the unit will explore the ethical and societal implications of genetic 

engineering, encouraging students to critically assess the potential benefits, risks, and moral considerations 

associated with genomic interventions. This will prepare students to responsibly engage with cutting-edge 

advancements in the field. 

Learning Outcome: Assessment Criteria: 

1. Apply advanced techniques like CRISPR for 

genome editing. 

1.1. Demonstrate proficiency in the use of CRISPR-

Cas9 technology to target specific genes for 

modification, including the design and 

synthesis of guide RNAs (gRNAs) and the 

selection of appropriate Cas9 nucleases for 

efficient genome editing. 

1.2. Apply CRISPR-Cas9 for gene knockout, knock-

in, or replacement strategies, optimizing 

experimental conditions for high editing 

efficiency and minimal off-target effects in 

both prokaryotic and eukaryotic cells. 

1.3. Utilize advanced CRISPR techniques, such as 

CRISPR/Cas12 and CRISPR/Cas13 systems, for 

more precise editing, RNA targeting, or gene 

regulation, expanding the range of 

applications in therapeutic, agricultural, and 

research settings. 

1.4. Implement strategies to enhance the 

precision and efficiency of CRISPR genome 

editing, including the use of base editors and 

prime editors for targeted base pair 

modifications without causing double-strand 

breaks. 

1.5. Apply CRISPR technology in model organisms 

for functional genomics studies, analyzing 

gene functions and their involvement in 

disease processes, development, or other 

biological phenomena. 

1.6. Incorporate appropriate control experiments, 

such as non-targeting gRNAs or wild-type 

controls, to assess the specificity and accuracy 

of CRISPR-mediated genome editing. 

1.7. Use CRISPR for gene therapy applications, 



 
 

www.ictqualab.co.uk 

Support@ictqualab.co.uk  

Page | 61 

ICTQual AB Qualification Specification 

 

ICTQual Level 6 Diploma in Biotechnology 
Engineering 360 Credits – Three Years 

including the correction of genetic mutations, 

with a focus on safety, delivery methods, and 

ethical considerations in human clinical trials. 

1.8. Evaluate the ethical and regulatory challenges 

associated with CRISPR genome editing, 

particularly in human germline editing, and 

understand the global regulatory landscape 

and guidelines surrounding its use. 

1.9. Analyze the outcomes of CRISPR editing using 

next-generation sequencing (NGS) and other 

analytical tools to verify on-target mutations, 

identify off-target effects, and assess the 

functional consequences of genomic 

modifications. 

2. Understand ethical and societal implications of 

genetic engineering. 

2.1. Analyze the ethical considerations of genetic 

engineering, including the potential for 

unintended consequences, such as ecological 

disruption, loss of biodiversity, and the spread 

of genetically modified organisms (GMOs) in 

natural environments. 

2.2. Evaluate the moral dilemmas surrounding 

human genetic engineering, particularly in 

relation to germline editing, designer babies, 

and potential modifications of traits such as 

intelligence, physical appearance, or behavior, 

while considering human rights and the 

nature of consent. 

2.3. Discuss the societal implications of genetic 

engineering, focusing on issues such as 

accessibility, affordability, and equity in the 

distribution of biotechnological 

advancements, ensuring that innovations 

benefit all populations and do not exacerbate 

social inequalities. 

2.4. Assess the implications of genetic engineering 

in agriculture, including concerns about the 

monopolization of seed patents, the impact 

on small farmers, and the ethical debate over 

genetically modified crops' safety for human 

consumption and environmental 

sustainability. 

2.5. Examine the potential for genetic 

discrimination, where individuals may be 

judged or denied opportunities based on their 
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genetic makeup, and discuss legal and ethical 

frameworks to protect individuals from such 

practices. 

2.6. Critically evaluate the ethical challenges of 

gene therapy, including patient consent, the 

risks of somatic versus germline therapy, and 

the potential for misuse or exploitation in 

clinical settings. 

2.7. Explore the role of public policy in regulating 

genetic engineering, including the need for 

comprehensive laws and guidelines that 

address ethical concerns, such as the 

regulation of gene editing in human embryos, 

GMOs, and genetic modifications in animals. 

2.8. Discuss the concept of "playing God" in 

genetic engineering, considering philosophical 

perspectives on the limits of human 

intervention in nature and the potential long-

term consequences of altering genetic 

material. 

2.9. Investigate the impact of genetic engineering 

on cultural, religious, and societal norms, as 

some communities may have objections to 

genetic modifications on religious or cultural 

grounds, raising important discussions about 

global consensus and respect for diversity. 
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BE0001-26: Advanced Bioprocess Engineering 

The aim of this study unit is to equip students with the knowledge and skills necessary to design, optimize, and 

troubleshoot bioprocess systems in industrial biotechnology. Emphasizing theoretical principles and practical 

applications, the unit will enable students to develop a comprehensive understanding of bioprocess design, scale-

up, and operational challenges. Additionally, students will analyze the cost and efficiency aspects of industrial 

bioprocesses, learning to evaluate and improve the economic viability and sustainability of biotechnological 

production processes, thereby contributing to the advancement of biotechnology in commercial and industrial 

settings. 

Learning Outcome: Assessment Criteria: 

1. Design, optimize, and troubleshoot bioprocess 

systems. 

1.1. Develop and design bioprocess systems, 

including the selection of appropriate 

bioreactors, fermentation vessels, and 

downstream processing equipment, to meet 

specific production goals for biotechnology 

applications such as drug production, 

biofuels, or food processing. 

1.2. Optimize bioprocess parameters, such as 

temperature, pH, oxygen levels, nutrient feed, 

and agitation rates, to maximize product 

yield, improve efficiency, and reduce costs 

while ensuring consistent and reproducible 

results. 

1.3. Implement process control strategies, such as 

feedback loops, sensors, and automated 

systems, to monitor and regulate bioprocess 

conditions in real time, ensuring the 

maintenance of optimal growth environments 

for microbial or mammalian cultures. 

1.4. Troubleshoot issues in bioprocess systems by 

identifying common sources of failure, 

including contamination, pH drift, nutrient 

deficiencies, or oxygen limitations, and 

applying corrective measures to restore 

process stability and efficiency. 

1.5. Design and implement strategies for scale-up, 

considering the transition from laboratory-

scale to pilot-scale and industrial-scale 

production, addressing challenges related to 

mass transfer, shear stress, and nutrient 

distribution in larger systems. 

1.6. Integrate analytical techniques, such as gas 

chromatography, high-performance liquid 
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chromatography (HPLC), and spectroscopy, to 

monitor the quality and concentration of 

products, substrates, and metabolites, 

ensuring process optimization and product 

purity. 

1.7. Utilize computational modeling and 

simulation tools to predict and optimize 

bioprocess parameters, enabling data-driven 

decisions for process design and optimization 

and minimizing trial-and-error 

experimentation. 

1.8. Apply quality assurance and quality control 

(QA/QC) practices to ensure that bioprocess 

systems operate within regulatory guidelines, 

maintaining compliance with Good 

Manufacturing Practice (GMP) and ensuring 

the production of safe, high-quality products. 

1.9. Perform risk assessments to identify potential 

hazards in bioprocess systems, such as cross-

contamination, equipment failure, or 

regulatory non-compliance, and develop 

mitigation strategies to minimize risks to 

product quality and process safety. 

2. Analyze cost and efficiency aspects of industrial 

bioprocesses. 

2.1. Evaluate the economic feasibility of industrial 

bioprocesses by conducting cost-benefit 

analyses, taking into account raw material 

costs, energy consumption, labor expenses, 

and equipment maintenance, to ensure that 

the process is both economically viable and 

competitive in the market. 

2.2. Analyze the efficiency of bioprocesses 

through key performance indicators (KPIs) 

such as product yield, productivity, and 

resource utilization, and apply optimization 

techniques to enhance process efficiency 

while minimizing waste and resource input. 

2.3. Assess the impact of process scale-up on cost 

and efficiency, identifying potential challenges 

related to equipment sizing, mass transfer 

limitations, and scale-up factors that may 

increase operational costs or reduce 

efficiency at larger production scales. 

2.4. Conduct lifecycle cost analysis (LCA) to 

evaluate the environmental impact and 
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sustainability of industrial bioprocesses, 

incorporating factors such as energy 

consumption, waste generation, and carbon 

footprint to identify opportunities for eco-

friendly improvements and cost reductions. 

2.5. Use statistical process control (SPC) tools and 

data analytics to monitor and control 

operational costs in real time, identifying 

cost-driving variables and optimizing process 

parameters for maximum cost-effectiveness 

without compromising product quality. 

2.6. Analyze the trade-offs between automation 

and manual processes in industrial 

bioprocessing, considering factors such as 

labor costs, operational efficiency, and the 

potential for human error, while ensuring 

safety and regulatory compliance. 

2.7. Investigate the role of process intensification 

techniques, such as high-cell-density 

fermentation or integrated downstream 

processing, in improving bioprocess efficiency 

and reducing costs by reducing the number of 

processing steps and increasing overall 

productivity. 

2.8. Evaluate the use of alternative feedstocks or 

biotechnological advancements, such as 

synthetic biology or biocatalysts that could 

lower production costs and improve the 

efficiency of bioprocess systems, potentially 

reducing reliance on expensive raw materials. 

2.9. Examine supply chain considerations, 

including the procurement of raw materials, 

transportation costs, and waste management, 

to identify areas for cost reduction while 

maintaining product quality and supply chain 

stability. 
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BE0001-27: Biotechnology Research Methods 

The aim of this study unit is to provide students with the essential skills required for designing and conducting 

experiments in biotechnology research. Focusing on both theoretical and practical aspects, the unit will guide 

students through the processes of experimental design, laboratory techniques, and effective data collection. 

Students will also learn how to analyze research data, enabling them to draw reliable conclusions and contribute 

to advancements in the field of biotechnology. This unit prepares students to undertake high-quality, evidence-

based research in a variety of biotechnological applications. 

Learning Outcome: Assessment Criteria: 

1. Develop skills in experimental design and 

laboratory research. 

1.1. Design and plan experiments with clear 

objectives, hypotheses, and variables, 

ensuring that experiments are reproducible, 

statistically valid, and capable of answering 

specific research questions. 

1.2. Apply appropriate research methodologies, 

selecting the correct experimental approach 

(e.g., controlled experiments, observational 

studies) and tools (e.g., assays, 

instrumentation) based on the research 

objectives. 

1.3. Utilize proper controls, including positive, 

negative, and baseline controls, to validate 

experimental results and minimize bias or 

confounding factors in research data. 

1.4. Ensure that experimental setups include the 

correct sampling techniques, randomization, 

and replication strategies to increase the 

reliability and generalizability of results. 

1.5. Develop proficiency in laboratory techniques 

such as pipetting, microscopy, 

spectrophotometry, and chromatography, 

ensuring accuracy and precision in data 

collection and analysis. 

1.6. Implement statistical analysis methods to 

analyze experimental data, ensuring that data 

is appropriately processed to assess 

significance, variation, and trends, and to 

support sound conclusions. 

1.7. Manage laboratory resources efficiently; 

including the use of reagents, chemicals, and 

laboratory equipment, while adhering to 

health and safety protocols and minimizing 

waste. 
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1.8. Troubleshoot experimental issues such as 

instrument malfunctions, unexpected results, 

or reagent problems, applying critical thinking 

and problem-solving techniques to identify 

the source of errors and modify protocols 

accordingly. 

1.9. Maintain detailed and organized records of 

experimental procedures, observations, and 

data, ensuring transparency and 

reproducibility of research findings, while 

adhering to ethical guidelines for data 

management. 

2. Conduct data collection and analysis for 

biotechnological research. 

2.1. Develop and implement robust data 

collection strategies, ensuring the accurate 

and consistent gathering of quantitative and 

qualitative data from experiments, surveys, or 

observational studies related to 

biotechnological research. 

2.2. Select appropriate sampling methods, such as 

random, stratified, or systematic sampling, to 

ensure representative and unbiased data 

collection, and determine the required 

sample size for statistical power. 

2.3. Employ advanced laboratory techniques, such 

as PCR, electrophoresis, chromatography, or 

microscopy, for precise data collection in 

areas such as gene expression, protein 

analysis, or cell culture monitoring. 

2.4. Use digital tools and laboratory software (e.g., 

ELN, LIMS) to record and manage 

experimental data, ensuring data integrity, 

traceability, and easy access for analysis and 

future reference. 

2.5. Analyze data using statistical methods, such 

as regression analysis, ANOVA, or multivariate 

analysis, to draw meaningful conclusions from 

experimental results and assess the 

significance of findings. 

2.6. Apply bioinformatics tools and databases for 

the analysis of genomic, proteomic, and 

metabolomics data, using software platforms 

(e.g., R, Python, Bioconductor) to process and 

interpret large-scale biological datasets. 

2.7. Perform data normalization, transformation, 
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and outlier detection techniques to ensure 

high-quality datasets, minimizing errors and 

biases that may affect the validity of analysis. 

2.8. Visualize data through graphs, charts, heat 

maps, or scatter plots to identify trends, 

relationships, and patterns within datasets, 

making complex data more accessible and 

interpretable for researchers and 

stakeholders. 

2.9. Use computational modeling and simulations 

to analyze and predict outcomes in 

biotechnological processes, including enzyme 

kinetics, metabolic flux analysis, or microbial 

growth modeling. 
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BE0001-28: Pharmaceutical Biotechnology and Drug Development 

The aim of this study unit is to provide students with a comprehensive understanding of the processes involved in 

developing biopharmaceuticals, from discovery to commercialization. The unit will focus on the role of 

biotechnology in the design, production, and regulation of pharmaceutical products, as well as its transformative 

impact on drug development. Additionally, students will explore the significance of biotechnology in the 

advancement of personalized medicine, examining how biotechnological innovations enable the development of 

tailored therapies that address individual patient needs. This unit equips students with the knowledge to 

contribute to the future of pharmaceutical biotechnology and personalized healthcare solutions. 

Learning Outcome: Assessment Criteria: 

1. Understand the process of developing 

biopharmaceuticals. 

1.1. Comprehend the key stages in the 

biopharmaceutical development process, 

including target identification, lead discovery, 

preclinical testing, clinical trials, and 

regulatory approval, ensuring a clear 

understanding of the timeline and regulatory 

requirements at each phase. 

1.2. Understand the selection and design of 

suitable expression systems (e.g., mammalian, 

bacterial, or yeast cells) for the production of 

biopharmaceuticals, considering factors such 

as yield, scalability, and product quality. 

1.3. Gain knowledge of the techniques used in the 

isolation and characterization of bioactive 

molecules, including monoclonal antibodies, 

proteins, and gene therapies, ensuring an 

understanding of the methods for purifying 

and testing their efficacy and safety. 

1.4. Explore the optimization of manufacturing 

processes for biopharmaceuticals, focusing on 

cell culture conditions, bioreactor design, and 

downstream processing steps such as protein 

purification, filtration, and formulation. 

1.5. Learn about the role of Good Manufacturing 

Practices (GMP) in the production of 

biopharmaceuticals, ensuring compliance 

with global regulatory standards to guarantee 

product quality, safety, and consistency. 

1.6. Understand the critical aspects of preclinical 

and clinical trials, including study design, 

phase I–III trials, patient recruitment, dosage 

determination, and monitoring of adverse 

effects, to ensure the safe and effective use of 
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biopharmaceuticals. 

1.7. Examine the regulatory frameworks and 

approval processes for biopharmaceuticals, 

including interactions with regulatory bodies 

such as the FDA, EMA, and WHO, and the 

steps required to obtain market 

authorization. 

1.8. Investigate the challenges and innovations in 

biopharmaceutical development, such as the 

development of biosimilar, gene therapies, 

and personalized medicine, including their 

potential to address unmet medical needs. 

1.9. Understand the importance of 

pharmacokinetics (PK) and 

pharmacodynamics (PD) in the development 

and optimization of biopharmaceuticals, 

ensuring therapeutic efficacy and safety. 

2. Analyze the role of biotechnology in 

personalized medicine. 

2.1. Understand the concept of personalized 

medicine and how biotechnology enables the 

development of tailored therapeutic 

approaches based on individual genetic, 

environmental, and lifestyle factors, aiming to 

optimize treatment efficacy and minimize 

adverse effects. 

2.2. Analyze the use of genetic testing and 

genomic sequencing in identifying patient-

specific biomarkers, such as mutations, gene 

expressions, and SNPs (single nucleotide 

polymorphisms), to guide personalized 

treatment plans in oncology, cardiology, and 

rare diseases. 

2.3. Examine the role of bioinformatics and 

computational biology in processing and 

interpreting complex genetic data, enabling 

the identification of actionable targets for 

drug development and the design of 

personalized therapies. 

2.4. Evaluate the integration of 

pharmacogenomics in personalized medicine, 

which involves studying how genetic 

variations affect drug metabolism, response, 

and toxicity, allowing for the customization of 

drug prescriptions based on individual genetic 

profiles. 
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2.5. Investigate the development and application 

of biologic drugs, such as monoclonal 

antibodies and gene therapies, in treating 

genetically defined patient populations, 

offering more precise and effective 

treatments compared to traditional 

medications. 

2.6. Explore the significance of advanced 

diagnostic tools, such as liquid biopsy and 

companion diagnostics, in detecting disease 

biomarkers and monitoring treatment 

response in real time, enhancing the 

personalization of medical interventions. 

2.7. Assess the impact of stem cell therapy and 

regenerative medicine, where biotechnology 

is used to develop patient-specific treatments 

for tissue regeneration and organ repair, 

thereby improving the outcomes of 

personalized medical therapies. 

2.8. Analyze the ethical considerations in 

personalized medicine, including concerns 

about privacy, genetic discrimination, and the 

accessibility of tailored therapies, especially in 

low-resource settings. 

2.9. Evaluate the challenges and limitations of 

personalized medicine, such as the complexity 

of integrating large-scale genetic and clinical 

data, regulatory hurdles, and the high cost of 

personalized treatments. 
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BE0001-29: Systems Biology and Computational Modeling 

The aim of this study unit is to equip students with the skills to use computational models for studying complex 

biological systems and to integrate omics data for a systems-level understanding of biological networks. Students 

will explore the application of computational tools and techniques to model and simulate biological processes, 

enabling the analysis of large-scale data from genomics, proteomics, metabolomics, and other omics fields. This 

unit aims to develop the ability to interpret biological networks and systems, providing students with a 

comprehensive framework for understanding the interactions and dynamics within living organisms, and 

preparing them to contribute to the advancement of systems biology in biotechnology and medicine. 

Learning Outcome: Assessment Criteria: 

1. Use computational models to study complex 

biological systems. 

1.1. Understand the principles of computational 

biology and bioinformatics, and how these 

fields utilize mathematical models, 

algorithms, and computer simulations to 

analyze and predict complex biological 

systems and processes. 

1.2. Apply systems biology approaches to model 

interactions within cellular networks, 

including gene regulatory networks, protein-

protein interactions, and metabolic pathways, 

to understand the emergent behavior of 

biological systems. 

1.3. Use molecular dynamics simulations to study 

the behavior of biomolecules, such as 

proteins, nucleic acids, and lipids, providing 

insights into their structure, function, and 

interactions at the atomic level. 

1.4. Employ computational models in genomics 

and transcriptomics to analyze large-scale 

data, such as gene expression profiles or 

genome sequencing data, enabling the 

identification of key regulators, mutations, 

and biomarkers. 

1.5. Leverage computational tools to simulate 

cellular and tissue-level responses to various 

perturbations, such as drug treatments, 

environmental changes, or genetic mutations, 

to predict outcomes and inform experimental 

design. 

1.6. Utilize agent-based modeling (ABM) and 

other simulation techniques to model the 

behavior of individual cells or agents within a 

biological system, helping to study processes 
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such as cancer progression, immune 

response, or microbial dynamics. 

1.7. Implement network theory and graph-based 

algorithms to model and analyze biological 

networks, such as signaling pathways or 

metabolic networks, to identify potential 

therapeutic targets or understand disease 

mechanisms. 

1.8. Use computational fluid dynamics (CFD) 

models to study biological processes involving 

fluid flow, such as blood circulation, 

respiratory dynamics, or nutrient transport, 

contributing to the development of medical 

devices and treatments. 

1.9. Apply computational models in drug design 

and discovery, using molecular docking and 

virtual screening methods to predict the 

binding affinity of potential drug candidates 

to specific biological targets. 

2. Integrate omics data for systems-level 

understanding of biological networks. 

2.1. Understand the fundamental principles of 

omics technologies (genomics, 

transcriptomics, proteomics, metabolomics, 

and others) and how they provide 

complementary layers of data that can be 

integrated to form a comprehensive systems-

level understanding of biological networks. 

2.2. Use bioinformatics tools and databases to 

integrate multi-omics data, such as gene 

expression, protein abundance, metabolite 

concentrations, and genomic sequences, 

allowing for a more holistic view of cellular 

processes and pathways. 

2.3. Apply statistical and machine learning 

techniques, such as principal component 

analysis (PCA), clustering, and network 

analysis, to combine diverse omics datasets 

and identify key biological patterns, 

relationships, and biomarkers. 

2.4. Utilize systems biology approaches to model 

the interactions between genes, proteins, and 

metabolites, integrating omics data into 

dynamic models that simulate the behavior of 

biological systems under various conditions or 

perturbations. 
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2.5. Integrate transcriptomic and proteomic data 

to explore gene-to-protein relationships, 

understanding how gene expression changes 

are translated into functional protein outputs 

and how these proteins interact in cellular 

networks. 

2.6. Combine metabolomics data with genomic 

and proteomic information to study metabolic 

flux and identify metabolic biomarkers, 

helping to unravel complex metabolic 

networks that are relevant to health and 

disease. 

2.7. Incorporate genomic and epigenome data to 

investigate the regulatory mechanisms that 

control gene expression, including DNA 

methylation, histone modifications, and non-

coding RNAs, contributing to a deeper 

understanding of gene regulation. 

2.8. Use advanced computational methods, 

including network-based approaches and 

pathway enrichment analysis, to identify and 

interpret biological pathways and networks 

that underlie cellular functions, disease 

mechanisms, and therapeutic targets. 

2.9. Develop multi-omics integration pipelines 

that combine various types of data (e.g., RNA-

Seq, ChIP-Seq, and Mass Spectrometry) for a 

comprehensive analysis, ensuring 

reproducibility, accuracy, and efficient data 

processing. 
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BE0001-30: Agricultural Biotechnology and GMOs 

The aim of this study unit is to provide students with a thorough understanding of the principles of genetic 

modification in crops, focusing on the techniques, mechanisms, and applications involved in developing 

genetically modified organisms (GMOs). Students will explore how agricultural biotechnology is used to enhance 

crop traits such as yield, pest resistance, and environmental tolerance. Additionally, the unit will analyze the 

impact of agricultural biotechnology on food security, examining both the potential benefits and challenges 

associated with the widespread adoption of GMOs in global food systems, including ethical, economic, and 

ecological considerations. 

Learning Outcome: Assessment Criteria: 

1. Explain the principles of genetic modification in 

crops. 

1.1. Understand the core principles of genetic 

modification (GM) in crops, including the 

process of introducing new genetic material 

into a plant's genome to enhance desired 

traits, such as improved resistance to pests, 

diseases, or environmental stress. 

1.2. Explain the role of recombinant DNA 

technology in genetic modification, where 

genes of interest are isolated, cloned, and 

inserted into the genome of a crop using 

vectors like plasmids or viruses, or through 

direct gene editing methods. 

1.3. Describe the process of selecting and 

transferring specific genes to crops, ensuring 

that these genes encode for traits such as 

herbicide tolerance, drought resistance, or 

improved nutritional content. 

1.4. Discuss the use of Agrobacterium-mediated 

transformation and particle bombardment 

(gene gun) as key methods for introducing 

foreign DNA into plant cells, both of which are 

central to GM crop development. 

1.5. Explain the concept of genetic markers, which 

are used to track the successful integration of 

the modified gene into the plant’s genome 

and to select transformed plants for further 

breeding or cultivation. 

1.6. Explore the role of CRISPR and other gene-

editing technologies in crop genetic 

modification, allowing for precise 

modifications to the plant's DNA without 

introducing foreign DNA, offering more 

targeted and efficient solutions. 
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1.7. Understand the concept of transgenic crops, 

which contain foreign genes from other 

species, and cisgenic crops, which involve the 

transfer of genes within the same species or a 

closely related species, to improve crop traits. 

1.8. Discuss the importance of regulatory 

frameworks in GM crop development, 

including government guidelines and safety 

assessments, to ensure that GM crops are 

safe for human consumption, the 

environment, and biodiversity. 

1.9. Examine the benefits of GM crops, such as 

increased yield, reduced need for chemical 

pesticides, and enhanced nutritional content, 

as well as the challenges, including public 

perception, ethical considerations, and 

environmental impacts. 

2. Analyze the impact of agricultural biotechnology 

on food security. 

2.1. Examine the role of agricultural biotechnology 

in increasing crop yields through the 

development of genetically modified (GM) 

crops that are more resistant to pests, 

diseases, and environmental stresses such as 

drought and heat, contributing to more 

reliable food production. 

2.2. Analyze how genetically engineered crops, 

such as Bt cotton and pest-resistant maize, 

reduce the need for chemical pesticides, 

decreasing production costs and minimizing 

the environmental impact of farming while 

improving crop health and yield. 

2.3. Investigate how the introduction of biotech 

crops with enhanced nutritional profiles, such 

as golden rice (which is enriched with vitamin 

A), can address nutrient deficiencies in 

developing regions, helping to combat 

malnutrition and improve overall food 

security. 

2.4. Discuss the potential for agricultural 

biotechnology to improve the efficiency of 

food production systems, allowing farmers to 

grow more food on less land, which is 

especially important in regions with growing 

populations and limited arable land. 

2.5. Explore the use of biotechnology in 
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developing crops with improved tolerance to 

adverse environmental conditions, such as 

drought, saline soil, and extreme 

temperatures, making agriculture more 

resilient in the face of climate change and 

ensuring stable food supplies. 

2.6. Evaluate the role of biotechnology in reducing 

post-harvest losses by enhancing the shelf life 

and transportability of crops, ensuring that 

more food reaches consumers, especially in 

areas with inadequate infrastructure or 

during times of crisis. 

2.7. Analyze the economic impact of agricultural 

biotechnology, including how biotech crops 

can increase profitability for farmers by 

reducing input costs (e.g., pesticide use, 

irrigation) and improving crop resilience, 

ultimately leading to more affordable food 

prices. 

2.8. Assess the potential challenges and ethical 

concerns related to the widespread adoption 

of agricultural biotechnology, such as the 

potential for loss of biodiversity, resistance 

development in pests, or the monopolization 

of seed markets by large biotech companies. 

2.9. Consider the regulatory landscape 

surrounding genetically modified crops, 

including government policies, international 

trade agreements, and public acceptance, 

which can influence the pace and extent of 

biotech adoption and its impact on global 

food security. 
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BE0001-31: Industrial Biotechnology and Bio economy 

The aim of this study unit is to provide students with an in-depth understanding of the bio-based production of 

chemicals, fuels, and materials, focusing on the principles and technologies driving industrial biotechnology. 

Students will explore the processes used to produce sustainable and renewable products from biological 

resources, emphasizing the role of biotechnology in replacing traditional petrochemical-based methods. 

Additionally, the unit will examine the economic and environmental impacts of industrial biotechnology, assessing 

its contribution to the bio economy, resource efficiency, and the transition towards more sustainable and circular 

economic models in industry. 

Learning Outcome: Assessment Criteria: 

1. Understand bio-based production of chemicals, 

fuels, and materials. 

1.1. Understand the principles of bio-based 

production, which involves using renewable 

biological resources (such as plants, algae, and 

microorganisms) to produce chemicals, fuels, 

and materials, offering an alternative to 

petroleum-based processes and reducing 

environmental impact. 

1.2. Explain the process of bio refining, where 

biomass is converted into a variety of products, 

such as biofuels (ethanol, biodiesel), biochemical 

(lactic acid, succinic acid), and bioplastics, using 

processes like fermentation, enzymatic 

reactions, or pyrolysis. 

1.3. Describe the role of microorganisms (bacteria, 

yeast, fungi) in the fermentation of biomass to 

produce biofuels and specialty chemicals, 

emphasizing the genetic engineering and 

optimization of microbial strains for higher yields 

and process efficiency. 

1.4. Analyze the use of algae in the production of 

biofuels and bio products, exploring its 

advantages as a feedstock due to its rapid 

growth rate and ability to produce lipids that can 

be converted into biodiesel and other high-value 

chemicals. 

1.5. Investigate the various methods of bio-based 

chemical production, such as microbial 

fermentation, enzymatic catalysis, and 

biocatalysts, to produce renewable chemicals 

(e.g., ethanol, acetone, and butanol), highlighting 

their environmental and economic benefits 

compared to traditional chemical manufacturing 

processes. 
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1.6. Explore the development and commercialization 

of bio-based polymers, including bioplastics like 

polylactic acid (PLA) and polyhydroxyalkanoates 

(PHA), which are produced from renewable 

resources and can replace petroleum-based 

plastics in packaging, textiles, and consumer 

goods. 

1.7. Discuss the integration of lignocellulosic biomass 

(from agricultural residues, wood, and grasses) 

as a feedstock for bio-based chemicals and fuels, 

focusing on the challenges and innovations in 

breaking down complex cell walls and converting 

them into fermentable sugars or biofuels. 

1.8. Examine the role of synthetic biology in bio-

based production, where genetic engineering 

and synthetic pathways are designed to optimize 

microorganisms for the production of advanced 

biofuels, high-value chemicals, and other bio-

based products. 

1.9. Assess the environmental benefits of bio-based 

production, such as reduced carbon emissions, 

lower energy consumption, and the use of waste 

materials, as well as the potential to create 

closed-loop systems that minimize waste and 

reduce reliance on fossil fuels. 

2. Explore the economic and environmental 

impacts of industrial biotechnology. 

2.1. Analyze the economic impact of industrial 

biotechnology by examining how 

biotechnological innovations can reduce 

production costs, improve process efficiency, 

and increase product yield, making it more 

competitive compared to traditional 

manufacturing processes. 

2.2. Evaluate the role of industrial biotechnology in 

reducing the dependency on fossil fuels by 

utilizing renewable biological resources (e.g., 

agricultural waste, algae) for the production of 

chemicals, fuels, and materials, which can 

contribute to a more sustainable and circular 

economy. 

2.3. Investigate how industrial biotechnology can 

foster job creation and economic growth, 

particularly in emerging industries such as 

biofuels, bioplastics, and biochemical, which 

require skilled workers and technological 
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expertise, benefiting local economies and 

promoting green innovation. 

2.4. Assess the potential of industrial biotechnology 

to diversify the energy sector by providing 

alternative, renewable sources of energy (e.g., 

bioethanol, biodiesel, and biogas), reducing 

reliance on non-renewable energy sources and 

enhancing energy security. 

2.5. Explore the environmental benefits of industrial 

biotechnology, including the reduction of 

greenhouse gas emissions, by replacing 

petroleum-based processes with bio-based 

alternatives that produce fewer pollutants and 

require less energy. 

2.6. Examine the impact of industrial biotechnology 

in reducing waste and promoting sustainability, 

such as using waste biomass (e.g., food, 

agricultural residues) as feedstocks for biofuels 

or chemicals, thereby addressing issues of waste 

disposal and resource depletion. 

2.7. Discuss how biotechnological processes in 

industries like agriculture, food production, and 

pharmaceuticals can reduce the environmental 

footprint by minimizing the use of harmful 

chemicals, pesticides, and fertilizers, leading to 

less environmental pollution and degradation of 

ecosystems. 

2.8. Analyze the role of industrial biotechnology in 

contributing to climate change mitigation 

through the development of carbon-neutral or 

carbon-negative technologies, such as bio-based 

carbon capture and utilization (CCU) methods 

that help lower atmospheric CO2 levels. 

2.9. Evaluate the cost-effectiveness of industrial 

biotechnology for companies, including the 

potential for long-term savings through resource 

efficiency, waste reduction, and less energy-

intensive production processes, and how these 

savings can translate into reduced product 

prices. 
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BE0001-32: Synthetic Biology Applications 

The aim of this study unit is to provide students with the skills and knowledge necessary to design and construct 

synthetic biological systems, utilizing the principles of synthetic biology to engineer novel biological functions. 

Students will explore the tools and techniques used in the creation of synthetic organisms, pathways, and devices, 

and will gain hands-on experience in the application of these technologies. Additionally, the unit will examine the 

diverse applications of synthetic biology across various industries, including healthcare, agriculture, energy, and 

environmental sustainability, enabling students to understand the transformative potential of synthetic biology in 

addressing global challenges. 

Learning Outcome: Assessment Criteria: 

1. Design and construct synthetic biological 

systems. 

1.1. Apply principles of synthetic biology to design 

and construct novel biological systems by 

engineering organisms or molecular 

components with desired functions, using 

standardized genetic parts such as promoters, 

enzymes, and regulatory sequences. 

1.2. Develop strategies to assemble genetic 

circuits that regulate gene expression in 

response to environmental signals or internal 

cellular states, ensuring predictable and 

controllable outcomes in synthetic biological 

systems. 

1.3. Utilize modular design approaches to create 

synthetic biology constructs, ensuring that 

each genetic part or module functions 

independently while being compatible with 

other parts for efficient integration into a 

whole system. 

1.4. Integrate computational tools and modeling 

techniques to simulate the behavior of 

synthetic biological systems, allowing for 

optimization and troubleshooting before 

experimental construction. 

1.5. Design biosensors using synthetic biology 

techniques to detect specific environmental 

cues, pathogens, or metabolites, and to 

trigger appropriate biological responses, such 

as the production of a reporter molecule or 

therapeutic compound. 

1.6. Engineer microorganisms or cells for specific 

tasks, such as the production of biofuels, 

chemicals, or pharmaceuticals, by 

constructing synthetic biological pathways 
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that enable the efficient conversion of 

feedstocks to high-value products. 

1.7. Develop techniques for incorporating 

synthetic genes or pathways into host 

organisms, ensuring that the host’s 

metabolism and environment support the 

functionality and stability of the engineered 

system. 

1.8. Use advanced genetic editing tools, such as 

CRISPR-Cas9, to create targeted modifications 

in the genome of organisms for the 

construction of synthetic biological systems 

that express desired traits or functionalities. 

1.9. Optimize the performance and scalability of 

synthetic biological systems by addressing 

issues such as metabolic burden, cellular 

stress, and pathway inefficiencies, ensuring 

that engineered systems can operate under 

industrial conditions. 

2. Analyze the applications of synthetic biology in 

diverse industries. 

2.1. Investigate the role of synthetic biology in the 

healthcare industry, including the 

development of novel therapeutics, gene 

therapies, and vaccines, by engineering 

microorganisms or cells to produce proteins, 

antibodies, or other biologically active 

compounds. 

2.2. Explore the use of synthetic biology in the 

pharmaceutical industry for the production of 

complex molecules, such as antibiotics, 

hormones, and vaccines, by designing 

microbial strains or cell lines that can 

efficiently produce these molecules at scale. 

2.3. Examine the potential of synthetic biology in 

the development of personalized medicine, 

where engineered biological systems are 

tailored to meet the unique needs of 

individual patients, enabling more effective 

treatments and therapies. 

2.4. Analyze the applications of synthetic biology 

in agriculture, such as the creation of 

genetically modified crops with enhanced 

nutritional content, resistance to pests, or 

tolerance to environmental stressors, 

contributing to food security and sustainable 
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farming practices. 

2.5. Assess the use of synthetic biology in the 

production of biofuels and bio-based 

chemicals, where engineered microorganisms 

are designed to convert renewable feedstocks 

into sustainable fuels and chemicals, reducing 

reliance on fossil fuels and contributing to a 

green economy. 

2.6. Investigate the role of synthetic biology in 

environmental sustainability, including the 

development of engineered organisms for 

bioremediation (cleaning up pollutants), 

carbon capture, and waste recycling, thus 

addressing key environmental challenges like 

pollution and climate change. 

2.7. Explore the application of synthetic biology in 

industrial biotechnology, such as the 

production of bioplastics, biodegradable 

materials, and specialty chemicals, by 

engineering microorganisms or yeast to 

efficiently produce these substances from 

renewable resources. 

2.8. Examine the impact of synthetic biology in the 

food industry, such as the design of microbes 

or yeasts that can ferment novel ingredients, 

improve food preservation, or create 

alternative proteins for plant-based diets, 

offering sustainable and nutritious solutions. 

2.9. Evaluate the use of synthetic biology in the 

production of materials and textiles, where 

engineered bacteria or fungi can be used to 

create bio-based polymers and fibers, 

reducing the environmental footprint of 

traditional manufacturing processes. 

 

  



 
 

www.ictqualab.co.uk 

Support@ictqualab.co.uk  

Page | 84 

ICTQual AB Qualification Specification 

 

ICTQual Level 6 Diploma in Biotechnology 
Engineering 360 Credits – Three Years 

BE0001—33: Advanced Environmental Biotechnology 

The aim of this study unit is to provide students with advanced knowledge and practical skills in the application of 

biotechnology for bioremediation and sustainable development. Students will explore cutting-edge methods used 

to address environmental challenges, such as the cleanup of pollutants, waste management, and the 

development of sustainable practices. Additionally, the unit will focus on the role of biotechnology in mitigating 

climate change, examining how biotechnological innovations can be leveraged to reduce greenhouse gas 

emissions, enhance carbon sequestration, and support the transition to a more sustainable and resilient 

environment. 

Learning Outcome: Assessment Criteria: 

1. Apply advanced methods for bioremediation 

and sustainable development. 

1.1. Employ cutting-edge bioremediation 

techniques, such as the use of genetically 

engineered microorganisms, plants, or fungi, 

to degrade or remove pollutants from 

contaminated environments, including soil, 

water, and air, ensuring more efficient and 

targeted remediation. 

1.2. Utilize advanced molecular biology 

techniques to identify and modify organisms 

with enhanced biodegradation capabilities, 

enabling them to break down toxic chemicals, 

heavy metals, and organic pollutants at a 

faster rate or under extreme conditions. 

1.3. Design and implement phytoremediation 

strategies, using plants genetically modified 

or selected for their ability to absorb and 

detoxify environmental contaminants, 

including heavy metals, pesticides, and 

hydrocarbons, for more sustainable land and 

water management. 

1.4. Apply bio augmentation methods by 

introducing microbial populations or consortia 

capable of enhancing natural bioremediation 

processes, particularly in environments where 

native microbial communities are insufficient 

for effective pollutant breakdown. 

1.5. Integrate waste-to-energy technologies with 

bioremediation practices, such as the use of 

microorganisms in the treatment of organic 

waste to produce biogas or biofuels, thereby 

contributing to both environmental 

remediation and the generation of renewable 

energy. 
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1.6. Explore the use of bioreactors and other 

controlled environments for the treatment of 

hazardous wastes, optimizing conditions such 

as temperature, pH, and nutrient supply to 

maximize the efficacy of bioremediation 

agents and processes. 

1.7. Investigate the potential of microbial fuel cells 

(MFCs) as a bioremediation method to treat 

wastewater while simultaneously generating 

electricity, creating a dual benefit of 

environmental cleanup and sustainable 

energy production. 

1.8. Apply advanced monitoring and analytical 

techniques, including real-time sensors and 

genomics, to track the progress of 

bioremediation efforts and assess the impact 

of treatment on both environmental health 

and microbial community dynamics. 

1.9. Implement integrated bioremediation 

strategies that combine physical, chemical, 

and biological processes, ensuring optimal 

pollutant removal and minimizing negative 

environmental impacts, particularly in 

complex or multi-contaminant environments. 

2. Understand the role of biotechnology in 

mitigating climate change. 

2.1. Investigate the role of biotechnology in 

carbon capture and storage (CCS) 

technologies, utilizing engineered 

microorganisms or algae to absorb and store 

carbon dioxide from industrial emissions, thus 

reducing greenhouse gas concentrations in 

the atmosphere. 

2.2. Explore the potential of genetically modified 

plants and algae for enhanced carbon 

sequestration, through bioengineering 

strategies that increase their ability to absorb 

and store carbon in biomass, contributing to 

the mitigation of climate change. 

2.3. Assess the use of synthetic biology to develop 

bio-based alternatives to fossil fuels, such as 

biofuels (e.g., ethanol, biodiesel, and bio 

hydrogen), which can help reduce reliance on 

non-renewable energy sources and decrease 

overall carbon emissions. 

2.4. Evaluate the role of biotechnology in the 
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development of more efficient and 

sustainable agricultural practices, including 

genetically engineered crops that require 

fewer chemical inputs (fertilizers, pesticides) 

and are more resilient to changing climate 

conditions, ultimately reducing the carbon 

footprint of food production. 

2.5. Analyze the potential for biotechnology in 

waste management and recycling, such as 

using engineered microorganisms for the 

conversion of organic waste into biogas or 

other renewable energy sources, thus 

reducing methane emissions from landfills. 

2.6. Explore the use of bioremediation and 

biotransformation technologies in the 

treatment of industrial pollutants, including 

greenhouse gases like methane and nitrous 

oxide, and the potential of microbial systems 

to degrade or capture these gases, 

contributing to climate change mitigation. 

2.7. Investigate the role of biotechnology in soil 

management, using biotechnological 

solutions to promote soil health, increase 

organic carbon content, and reduce emissions 

from agricultural practices, thus helping to 

mitigate climate change through improved 

land-use practices. 

2.8. Assess the contribution of biotechnology to 

sustainable bio-based product development, 

such as biodegradable plastics and bio-based 

chemicals, which help to reduce reliance on 

petrochemical products and decrease carbon 

emissions associated with traditional 

manufacturing processes. 

2.9. Explore the application of biotechnology in 

environmental monitoring, utilizing 

biosensors and other advanced biological 

systems to track climate change indicators, 

such as greenhouse gas concentrations, soil 

degradation, and biodiversity loss, to inform 

climate mitigation strategies. 
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BE0001—34: Innovation and Entrepreneurship in Biotechnology 

The aim of this study unit is to equip students with the entrepreneurial skills and knowledge required to 

successfully launch and manage biotechnology ventures. Students will learn how to identify and capitalize on 

innovative opportunities within the biotechnology sector, focusing on the commercialization of biotechnological 

products and services. Additionally, the unit will analyze current market trends and emerging opportunities in the 

biotech industry, helping students understand the competitive landscape, funding strategies, and regulatory 

considerations essential for thriving in the biotechnology entrepreneurship ecosystem. 

Learning Outcome: Assessment Criteria: 

1. Develop entrepreneurial skills for biotechnology 

ventures. 

1.1. Cultivate an understanding of the 

biotechnology industry landscape, including 

emerging trends, market opportunities, and 

key players, to identify potential niches and 

areas for innovation in biotechnology 

ventures. 

1.2. Develop skills in business planning and 

strategy, focusing on the unique aspects of 

biotechnology startups, such as market 

analysis, competitive positioning, and the 

regulatory environment, to create a solid 

foundation for launching and scaling biotech 

ventures. 

1.3. Understand the principles of intellectual 

property (IP) management, including patents, 

trademarks, and licensing, to protect 

innovations, maximize commercial value, and 

navigate the complex IP landscape in 

biotechnology. 

1.4. Learn financial management techniques 

specific to biotechnology ventures, such as 

securing funding from venture capital, angel 

investors, government grants, or 

crowdfunding, and managing cash flow, 

financial forecasting, and budgeting in a 

biotechnology startup. 

1.5. Gain experience in building multidisciplinary 

teams with expertise in science, engineering, 

and business, ensuring effective collaboration 

and bringing together the technical, 

operational, and commercial knowledge 

needed to drive a biotechnology venture to 

success. 

1.6. Explore the regulatory and compliance 
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frameworks governing biotechnology 

ventures, including food and drug 

administration (FDA) approval processes, 

Good Manufacturing Practices (GMP), and 

ethical considerations, to ensure that 

products meet safety standards and legal 

requirements. 

1.7. Develop an understanding of 

commercialization strategies in 

biotechnology, including product 

development, market entry, scaling 

production, and commercialization of biotech 

innovations, while considering the business 

lifecycle and potential exit strategies. 

1.8. Learn the principles of marketing and sales for 

biotechnology products, including crafting 

compelling value propositions, positioning 

products effectively in the market, and 

leveraging digital marketing, public relations, 

and partnerships to increase visibility and 

adoption. 

1.9. Foster a mindset of innovation and creativity, 

encouraging risk-taking, adaptation to new 

technologies, and problem-solving in 

response to the rapidly evolving 

biotechnology landscape, while also managing 

the inherent risks of biotechnology ventures. 

2. Analyze market trends and opportunities in the 

biotech industry. 

2.1. Investigate the current and emerging trends 

in biotechnology, such as personalized 

medicine, gene editing (e.g., CRISPR), 

synthetic biology, and regenerative medicine, 

to identify growth opportunities and 

technological advancements shaping the 

industry. 

2.2. Conduct a comprehensive analysis of the 

global biotechnology market, including key 

sectors like healthcare, agriculture, 

environmental biotechnology, and industrial 

biotechnology, to identify high-demand areas 

and potential investment opportunities. 

2.3. Examine the impact of regulatory changes and 

government policies on the biotechnology 

market, including the approval process for 

biopharmaceuticals, gene therapies, and 
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biotech products, to understand how these 

factors influence market dynamics and 

investment potential. 

2.4. Analyze the role of venture capital and private 

equity funding in driving biotechnology 

innovation, identifying emerging biotech hubs 

and investment trends that can provide 

opportunities for entrepreneurs and startups 

in the biotech space. 

2.5. Study consumer behavior and market demand 

for biotech products, including diagnostic 

tools, therapeutic innovations, and 

sustainable bio-based solutions, to identify 

unmet needs and potential market gaps that 

can be addressed through biotechnology 

advancements. 

2.6. Evaluate the competitive landscape by 

identifying major players in the biotech 

industry, analyzing their product portfolios, 

market share, and strategic initiatives, to 

benchmark potential opportunities for new 

entrants or expansion within the market. 

2.7. Assess technological advancements in 

biotechnology, such as automation, artificial 

intelligence, and bioinformatics tools, to 

understand how these innovations are 

transforming research and development 

processes, lowering costs, and increasing 

efficiency, creating new business 

opportunities. 

2.8. Investigate the growing role of partnerships, 

mergers, and acquisitions in the 

biotechnology sector, especially between 

biotech companies and pharmaceutical firms, 

academic institutions, or large multinational 

corporations, to assess potential collaboration 

opportunities. 

2.9. Explore the market dynamics of 

biotechnology in global health, including 

trends in vaccines, diagnostics, and biologics, 

and how global health crises (e.g., pandemics) 

impact biotech market demand and 

investment. 

BE0001—35: Biotechnology Project Management 
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The aim of this study unit is to equip students with the essential skills and knowledge required to effectively plan, 

execute, and manage biotechnology projects. Students will learn the principles and best practices of project 

management within the context of biotechnology, with a focus on the unique challenges of the industry. The unit 

will also develop students' abilities in budgeting, resource allocation, and team coordination, preparing them to 

oversee the successful completion of biotechnological projects. By integrating these skills, students will be able to 

manage projects that align with organizational goals, meet deadlines, and ensure efficient use of resources. 

Learning Outcome: Assessment Criteria: 

1. Plan, execute, and manage biotechnology 

projects. 

1.1. Develop a clear project plan that outlines the 

scope, objectives, deliverables, and timeline 

for biotechnology projects, ensuring 

alignment with organizational goals and 

scientific objectives while considering 

regulatory and ethical requirements. 

1.2. Conduct a thorough risk assessment for 

biotechnology projects, identifying potential 

challenges such as technical limitations, 

regulatory hurdles, and resource constraints, 

and develop mitigation strategies to address 

these risks throughout the project lifecycle. 

1.3. Assemble a cross-functional team with 

expertise in scientific research, engineering, 

business, and regulatory affairs to ensure 

effective collaboration and that all aspects of 

the biotechnology project are managed 

efficiently. 

1.4. Define measurable performance indicators 

and milestones to track the progress of 

biotechnology projects, ensuring that the 

project stays on schedule and within budget 

while meeting regulatory and safety 

standards. 

1.5. Establish a robust budget and resource 

allocation plan, securing funding and ensuring 

the optimal use of resources such as 

equipment, facilities, and personnel to 

support the biotechnology project’s 

objectives. 

1.6. Implement project management 

methodologies (e.g., Agile, Waterfall, or Lean) 

to guide the execution of biotechnology 

projects, ensuring flexibility, efficiency, and 

clear communication across teams. 

1.7. Coordinate with stakeholders, including 
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regulatory bodies, academic institutions, 

industry partners, and investors, to ensure 

that all necessary approvals and support are 

in place for the successful execution of the 

biotechnology project. 

1.8. Manage timelines and ensure that 

biotechnology projects meet deadlines for 

critical milestones, adjusting plans as 

necessary to address unforeseen delays or 

changes in project scope. 

1.9. Maintain clear and consistent communication 

with all stakeholders, including internal teams 

and external partners, providing regular 

updates on progress, challenges, and 

outcomes to ensure project transparency and 

accountability. 

2. Develop skills in budgeting, resource allocation, 

and team coordination. 

2.1. Understand the principles of budgeting for 

biotechnology projects, including cost 

estimation, financial planning, and the 

allocation of resources, ensuring that budgets 

align with project goals and timelines while 

maximizing efficiency. 

2.2. Develop proficiency in tracking and managing 

project expenses, including laboratory costs, 

equipment procurement, personnel wages, 

and material costs, to ensure that spending 

stays within budget and that resources are 

utilized effectively. 

2.3. Learn to create detailed resource allocation 

plans that identify the necessary materials, 

equipment, personnel, and facilities for each 

stage of a biotechnology project, ensuring the 

availability of resources when needed without 

overcommitting. 

2.4. Gain experience in prioritizing resource 

distribution based on project requirements, 

timelines, and potential risks, ensuring that 

critical tasks and milestones are supported 

with appropriate resources. 

2.5. Develop strong financial forecasting skills to 

predict future costs and adjust budgets as 

necessary, considering factors such as project 

scope changes, unforeseen technical 

challenges, and market fluctuations. 
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2.6. Acquire skills in team coordination by 

fostering clear communication and 

collaboration across different departments, 

such as research, production, marketing, and 

regulatory affairs, to ensure seamless project 

execution. 

2.7. Learn to delegate tasks effectively within a 

project team based on individual skills and 

expertise, ensuring that roles are clearly 

defined and that team members are 

empowered to contribute to the project’s 

success. 

2.8. Build leadership skills in guiding and 

motivating project teams, ensuring alignment 

with the project’s objectives and timelines 

while managing any conflicts or challenges 

that arise during the project’s lifecycle. 

2.9. Gain experience in scheduling and organizing 

project timelines, ensuring that each phase of 

the biotechnology project is completed on 

time, within budget, and to the required 

quality standards. 
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BE0001-36: Final Year Research Project 

The aim of this study unit is to provide students with the opportunity to conduct independent, original research 

on a selected topic within the field of biotechnology. Students will apply the knowledge and skills gained 

throughout their studies to design, execute, and analyze a research project, demonstrating their ability to address 

complex scientific questions. The unit will also guide students in presenting their findings in a professional, well-

structured report, and preparing for a formal defense during the evaluation process. This unit is designed to foster 

critical thinking, problem-solving, and communication skills, preparing students for professional careers or further 

academic pursuits in biotechnology. 

Learning Outcome: Assessment Criteria: 

1. Conduct independent research on a selected 

topic in biotechnology. 

1.1. Identify a relevant and focused research topic in 

biotechnology, ensuring it addresses a current 

challenge, emerging technology, or gap in the 

field, and aligns with scientific, industrial, or 

societal needs. 

1.2. Conduct a comprehensive literature review, 

utilizing academic databases, journals, and other 

credible sources to gather existing research, 

identify knowledge gaps, and establish a 

foundation for the independent study. 

1.3. Formulate a clear research question or 

hypothesis based on the identified knowledge 

gap, ensuring it is specific, measurable, and 

achievable within the scope of the available 

resources and timeframe. 

1.4. Design a detailed research plan, including the 

research methodology, experimental 

procedures, data collection techniques, and 

analytical methods to be used; ensuring the 

approach is scientifically rigorous and 

reproducible. 

1.5. Develop and obtain necessary approvals for the 

research plan, including ethical considerations, 

regulatory requirements, and safety protocols, 

ensuring compliance with institutional and 

international guidelines. 

1.6. Implement the research plan by performing 

experiments, gathering data, and applying 

appropriate techniques, such as laboratory 

analysis, computational modeling, or fieldwork, 

depending on the nature of the research topic. 

1.7. Utilize advanced data analysis tools and software 

to process and analyze research data, ensuring 
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accurate interpretation of results and drawing 

meaningful conclusions in relation to the 

research question or hypothesis. 

1.8. Document research findings systematically, 

including methods, results, discussions, and 

conclusions, ensuring clarity, accuracy, and 

adherence to scientific reporting standards. 

2. Present findings in a professional report and 

defend them during evaluation. 

2.1. Organize the findings into a well-structured 

professional report, ensuring clarity and 

coherence, with sections such as introduction, 

literature review, methodology, results, 

discussion, conclusions, and references. 

2.2. Clearly state the research question or hypothesis 

at the beginning of the report, ensuring that the 

rationale behind the study is easily understood 

and the objectives are well-defined. 

2.3. Present detailed methodology, explaining the 

techniques, tools, and processes used in the 

research, ensuring transparency and enabling 

reproducibility of the study. 

2.4. Present research results with appropriate data 

visualization, including graphs, tables, and charts, 

ensuring that the data is easy to interpret and 

directly supports the conclusions drawn. 

2.5. Discuss the findings in relation to the research 

question, comparing them with previous studies 

and highlighting any novel insights or 

discrepancies. 

2.6. Address the limitations of the study, 

acknowledging any potential sources of error or 

bias, and suggest areas for further investigation. 

2.7. Provide clear and evidence-based conclusions 

that directly address the research question or 

hypothesis, ensuring they are supported by the 

data and analysis presented. 

2.8. Properly cite all sources, using appropriate 

referencing styles, and ensure that the report 

adheres to scientific writing standards and 

institutional guidelines. 

2.9. Prepare for the evaluation and defense of the 

research findings by anticipating potential 

questions or challenges from evaluators, and 

framing well-supported responses. 
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