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Specialization: Food Process Engineering

Programme Educational Objectives (PEOs):

e to prepare graduates for successful careers in the food
industry, research institutions, government agencies,
or academia.

e to contribute for the advancement of food technology,
innovation-driven ~ food  manufacturing,  and
sustainable development in the food industry.




M. Tech. (Agricultural Engineering)

Specialization: Food Process Engineering

Course Structure

Semester |
Sl. | Course Course Name Teaching Scheme | Credits
No Code L T P
1. 3AG101 | Advanced Food Process Engineering-I 3 0 0 3
2. 3AG102 | Transport Processes in Food Engineering 3 0 0 3
3. | 3AG103# | Programme Elective — | 3 0 0 3
4. | 3AG104# | Programme Elective - 11 3 0 0 3
5. 3AG105 | Research Methodology & IPR 2 0 0 2
6. | 3AG106# | Audit Course -1 2 0 0 0
7. 3AG107 | Food Process Engineering Lab. 0 0 4 2
8. 3AG108 | Food Chemistry and Microbiology Lab 0 0 4 2
Total | 16 0 8 18
Semester |1
SI. | Course Course Name Teaching Scheme Credits
No Code L T P
1. 3AG151 | Advanced Food Process Engineering-II 3 0 0 3
2. 3AG152 | Food Process and Products Technology 3 0 0 3
3. | 3AG153# | Programme Elective - 11l 3 0 0 3
4. | 3AG154# | Programme Elective — IV 3 0 0 3
5. | 3AG155# | Audit Course —2 2 0 0 0
6. 3AG156 | Advanced Food Process Engineering Lab 0 0 4 2
7. 3AG157 | Food Analysis Lab. 0 0 4 2
8. 3AG158 | Mini Project 0 0 4 2
Total | 14 0 12 18
Semester 111
SI. | Course Course Name Teaching Scheme Credits
No Code L T P
1. | 3AG201# | Programme Elective — V 3 0 0 3
2. | 3AG202# | Open Elective 3 0 0 3
3. 3AG203 | Dissertation Phase - | 0 0 20 10
Total | 6 0 20 16
Semester 1V
SI. | Course Course Name Teaching Scheme Credits
No Code L T P
1. | 3AG251 | Dissertation Phase - 1l 0 0 32 16
Total| O 0 32 16

# Serial Number of Programme Electives/Open Electives /Audit Course




Sl. Semester |
No.
Programme Elective — |
A. | Food Fermentation Technology
B. | Computer application in food industry
C. | Bakery and Confectionary Products
Programme Elective — I
A. | Food Plant and Equipment Design
B. | Non-thermal Food Processing Technologies
C. | Advance refrigeration and air conditioning system
Sl. Semester 11
No.
Programme Elective — 111
A. | Technology of meat, poultry and fish processing
B. | Food Extrusion Technology
C. | Fruit and Vegetable Processing
Programme Elective — IV
A. | Food Handling and Packaging
B. | Food Safety and Quality Management
C. | Processing of Cereal, Pulse and Oilseed
Sl. Semester 111
No.
Programme Elective — V
A. | Food Process Modelling
B. | Food Safety and Quality Assurance
C. | Milk and Milk Products Technology
Sl Semester |
No.
Audit Course 1
A. | English for Research Paper Writing
B. | Disaster Management
C. | Sanskrit for Technical Knowledge
D. | Constitution of India
Sl. Semester 11
No
Audit Course- 2
A. | Pedagogy Studies
B. | Stress Management by Yoga
C. | Value Education
D. | Personality Development Through Life Enlightenment Skills
Sl. Semester 111
No.




Open Elective Courses

Business Analytics

Industrial Safety

Operations Research

Cost Management of Engineering Projects

Composite Materials

mmo|olw| >

Waste to Energy




Syllabus

Core Courses

3AG101 |  Advanced Food Process Engineering-l | 3L:0T:0P | 3 Credits

Teaching Scheme
Lectures: 3 hours/week
Course Objectives
The objectives of the course are to introduce in a systematic way the most common food
engineering unit operations required to design food processes and the equipment needed to carry
them out as well as the economic, sanitation and safety design aspects in food plant operations to
successfully produce food products with maximum quality.
Couse Outcome

1. Ability to enlist the components in food and recollect their functions.
Ability to enlist the external factors that affects the activity of microorganisms.
Ability to relate the preservation methods to effects of external agents on micro-organisms.
Ability to identify the unit operations in selected food processing and preservation processes.
Ability to associate various industrial considerations including regulatory codes to food
manufacturing practices.
Syllabus Contents

ok~ w

Unit-1: Drying technology: principles, methods and equipments, stages of drying, freeze drying,
spray drying, solar drying, vacuum drying, hybrid drying systems, moisture content
determination methods.

Unit-2: Evaporation: Importance of evaporation in food processing, types of evaporators, heat
and mass balance, essence recovery. Kinetics of thermal processing, rate of microbial
inactivation, thermal process calculations.

Unit-3: Particulate food solids: size distribution and characterization, size reduction and energy
requirement in comminution, methods of size reduction, devices (roller, hammer, plate, ball and
attrition mills) used for milling of cereals and spices.

Unit-4: Mixing and agitation: mechanisms and equipments used for mixing and agitation of
solids, liquids, powders and pastes. Mixing time, mixing index, and relationship.
Homaogenization of milk: mechanism of homogenization, working principle of homogenizer.

Unit-5: Extrusion: Single and twin screw extruder, design of screw profile, drag flow, pressure
flow, leakage flow, net flow, performance of screw press. Commercial retorts: batch and
continuous retorts. Aseptic processing.

References

1) Fellows, P. J. 1988. Food Processing Technology: Principle and Practice. VCH Publ.

2) Geankoplis J. Christie. 1999. Transport Process and Unit Operations. Allyn & Bacon
3) King, C. J. 1980. Separation Processes, Tata McGraw-Hill

4) McCabe, W.L. and Smith, J.C. 1999. Unit Operations of Chemical Engineering. McGraw
Hill.34

5) Rao, M.A. 2007. Rheology of Fluid and semisolid Foods: Principles and Applications,
Springer

6) Romeo T Toledo, 1997. Fundamental of Food Process Engineering.CBS Pubs.



7) Sahay, K.M. and Singh, K.K. 1994. Unit Operation of Agricultural Processing. Vikas
Publ. House

| 3AG102 | Transport Processes in Food Engineering | 3L:0T:0P | 3 Credits |

Teaching Scheme

Lectures: 3 hours/week

Course Objectives

To understand the transport phenomena that govern the engineering analysis and design of food
preservation process in improving processing conditions and the employment of energy
resources, and to increase the quality of products.

Course Outcome

1. Understand fundamental principles of transport processes and their application in food
engineering.

2. Apply knowledge of transport phenomena to analyze and optimize food processing operations.
3. Develop problem-solving and design skills for addressing heat and mass transfer challenges in
food production.

Syllabus Contents

Unit 1: Heat Transfer- Fourier’s law, conduction, convection and radiation heat transfer, steady
state and transient heat transfer, heat transfer in Cartesian and cylindrical coordinates

Unit 2: Mass transfer, molecular diffusion, Fick’s law, diffusion in solids, liquids and gases,
effective moisture diffusion, heat and mass transfer analogy.

Unit 3: Equation of continuity, type of fluid flow and their classifications, Bernoulli’s equation,
pipe flow, channel flow, flow through porous media, Ergun’s equation, and fluidization of solids,
analytical and numerical solutions to transient state heat transfer.

Unit 4: Introduction of transport processes, viscosity and mechanism moment transport, thermal
conductivity and mechanism of energy transport, diffusivity and mechanism of mass diffusivity,
energy transport by radiation, different applications

Unit 5: Velocity distributions in laminar and turbulent flows, temperature distributions in solids
and laminar and turbulent flows, concentration distributions in solids and laminar and turbulent
flows, interphase transport

References

1. Bird, R.B., Stewart, W.E., and Lightfoot, E.N. 2001. Transport Phenomena. John Wiley
and Sons. New York.

2. Datta, A. and Rakesh, V. 2009. An Introduction to Modeling of Transport Processes.
Cambridge University Press, UK.

3. Geankoplish, C.J. 2000. Transport Processes and Unit Operations. Prentice Hall of India
Pvt. Ltd., New Delhi.

4. Jorge, W., Jorge F.V., G.V. Barbosa-Canovas. 2003. Transport Phenomena in Food
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Processing. CRC Press. New York.

5. Jorge, W., Jorge, Fernando, V., and Barbosa-Canovas, G.V. 2003. Transport Phenomena in
Food Processing. CRC Press, New York.

6. Saravacos, G.D., Zacharias, B. and Maroulis. 2001. Transport Properties of Foods. Marcel
Dekker, New York.

7. Treybal, R. 1980. Mass Transfer Operations. 3“Edn. McGraw-Hill. New Delhi.

8. Vassilis, G. 1992. Transport Phenomena of Foods and Biological Materials.CRC Press,
New York.

3AG105 | Research Methodology and IPR | 2L:0T:0P | 2 Credits

Teaching Scheme
Lectures: 2 hours/week

Courses Objectives

o Facilitate with the essential skills and knowledge required to conduct research
effectively.
e To foster critical thinking and analytical skills.

e Facilitate knowledge and skills needed to navigate the complex landscape of IP
management and commercialization.
Course Outcomes

At the end of this course, students will be able to
e Understand research problem formulation.
e Analyze research-related information & follow research ethics

e Understanding that when IPR would take such an important place in the growth of
individuals & nations, it is needless to emphasize the need for information about IPR to
be promoted among students in general & engineering in particular

Syllabus Contents

Unit 1: Meaning of research problem, Sources of research problem, Criteria Characteristics of
a good research problem, Errors in selecting a research problem, Scope and objectives of
research problem. Approaches of investigation of solutions for research problem, data
collection, analysis, interpretation, Necessary instrumentations.

Unit 2: Effective literature studies approaches, analysis. Plagiarism, Research ethics.

Unit 3: Effective technical writing, how to write report, Paper. Developing a Research
Proposal, Format of research proposal, a presentation and assessment by a review committee.

Unit 4: Nature of Intellectual Property: Patents, Designs, Trade and Copyright. Process of
Patenting and Development: technological research, innovation, patenting, development.
International Scenario: International cooperation on Intellectual Property. Procedure for grants
of patents, Patenting under PCT.

Unit 5: Patent Rights: Scope of Patent Rights. Licensing and transfer of technology. Patent
7


http://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor:%22Jorge+Welti-Chanes%22
http://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor:%22Jorge+Fernando+V%C3%A9lez-Ruiz%22
http://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor:%22Gustavo+V.+Barbosa-C%C3%A1novas%22
http://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor:%22George+D.+Saravacos%22
http://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor:%22Zacharias+B.+Maroulis%22
http://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor:%22Vassilis+Gekas%22

information and databases. Geographical Indications.

References

1. Stuart Melville and Wayne Goddard, “Research methodology: An introduction for science
& engineering students’”

2. Wayne Goddard and Stuart Melville, “Research Methodology: An Introduction”

3. Ranjit Kumar, 2" Edition, “Research Methodology: A Step by Step Guide for beginners”

4. Halbert, “Resisting Intellectual Property”, Taylor & Francis Ltd, 2007.

5. Mayall, “Industrial Design”, McGraw Hill, 1992.

6. Niebel, “Product Design”, McGraw Hill, 1974.

7. Asimov, “Introduction to Design”, Prentice Hall, 1962.

8. Robert P. Merges, Peter S. Menell, Mark A. Lemley, “ Intellectual Property in New
Technological Age”, 2016.

9. T. Ramappa, “Intellectual Property Rights Under WTO”, S. Chand, 2008.

| 3AG107 | Food Process Engineering Lab | OL:0T:4P | 2 Credits |
Teaching Scheme

Practical: 4 hours/week

Course Objectives

To provide in-depth understanding of important concepts in food processing, including size

reduction, drying, dehydration, high-pressure homogenization, mixing, and chemical
preservation methods. Students will conduct experiments to illustrate these food processing
principles and be able to apply them.

Course Outcome

1. Practical Application: Apply theoretical knowledge in food process engineering to real-world
scenarios through hands-on experiments and activities.

2. Equipment Proficiency: Gain proficiency in operating and troubleshooting various food
processing equipment commonly used in industry settings.

3. Data Analysis Skills: Develop skills in collecting, analyzing, and interpreting data from food
processing experiments to optimize process parameters and enhance product quality.

Syllabus Contents

1. Study of grinding, particle size analysis and energy requirement in comminution.

2. High pressure homogenization of milk and the measurement of fat-globule size before
and after homogenization

3. Rheological properties of Newtonian and non-Newtonian liquid food

4. Estimation and measurement of flow rate, power requirement and pressure developed in
single screw extruder

5. Establishing the relationship between performance index and mixing time in a planetary
mixer

6. Estimation and measurement of cut-off size of milk fat-globules in a disk type centrifugal
separator

7. Determination of flow pattern, port arrangement and flow rate-pressure drop relationship
8



in a plate heat exchanger
8. Saturation vapor pressure-temperature relationships for pure solvent and dilute solutions
9. Thermal bactericide to achieve commercial sterility of food in sealed containers
10. Dehydration of vegetables in cabinet tray dryer.
11. Drying of fruits and vegetables in vacuum dryer

References
1. H. Das, 2005. Food Processing Operations Analysis. Asian Book Publications, New Delhi.

2. Jha, S.N. 2012. Nondestructive Evaluation of Food Quality: Theory and Practice.
Springer.

3. Soojin J. andJ. lrudayaraj. 2008. Food Processing Operations Modeling: Design and
Analysis. CRC Press, New York.

| 3AG108 | Food Chemistry and Microbiology Lab | OL:0T:4P | 2 Credits |
Teaching Scheme

Practical: 4 hours/week

Course Objectives

To develop hands-on experience in laboratory techniques and to demonstrate the food chemistry

concepts discussed in lecture for developing healthy and nutritious foods. Students will also
become familiar with the laboratory methods used in the microbiological analysis of foods, and
with the identifying characteristics of the major groups of microorganisms associated with food
spoilage, food borne disease, and food fermentations.

Course Outcomes

1. Practical Application: Provide hands-on experience for students to apply principles learned in
food chemistry and microbiology courses to real-world scenarios in a laboratory setting.

2. Analytical Skills: Develop proficiency in essential laboratory techniques used for food
analysis, including chemical and microbial testing methods, to assess the quality and safety of
food products.

3. Understanding Food Safety: Enhance students' understanding of food safety principles by
conducting experiments to identify and evaluate microbial contaminants, assess food spoilage,
and understand factors affecting food preservation.

Syllabus Contents

1. Quantitative analysis of food for proximate composition
Determination of acidity and pH of food sample

Determination of ascorbic acid from different food.

Determination of reducing and non-reducing sugar in food material.

Estimation of mineral content in food sample (Ca, P)

o g A~ w D

Microscopic observation of bacteria, yeasts and moulds
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7. Staining of micro-organisms
8. Quantitative estimation of bacteria, yeasts and moulds

9. Isolation and identification of micro organism

References
1. Jha, S.N. 2012. Nondestructive Evaluation of Food Quality: Theory and Practice.
Springer.
2. S. Ranganna. Handbook of Analysis and Quality Control for Fruit and Vegetable Products.
McGraw Hill.
| 3AG151 | Advanced Food Process Engineering-1l | 3L:0T:0P | 3 Credits |

Teaching Scheme
Lectures: 3 hours/week
Course Objectives
To acquaint with recent advances of Food Engineering and its Processes and develop an insight
among the student about the existing modern techniques so as to aware them about their
methodology and applications in food processing.
Couse Outcome

1. Ability to enlist the components in food and recollect their functions.
Ability to enlist the external factors that affects the activity of microorganisms.
Ability to relate the preservation methods to effects of external agents on micro-organisms.
Ability to identify the unit operations in selected food processing and preservation processes.
Ability to associate various industrial considerations including regulatory codes to food
manufacturing practices.
Syllabus Contents

ok~ ow

Unit-1: Psychrometrics: Psychrometric chart, psychrometric properties, processes. Aeration
systems in grain storage. Silo design.

Unit-2: Fluid flow: Movement of particulate solid in fluid — Stoke’s law, flow of fluid foods
through pipes, velocity profiles, pumps selection, pneumatic conveying of granular foods, Fluid
flow through porous beds: permeability and Darcy’s law, Kozeny-Karman equation, Burke-
Plummer equation, fluidization -Ergun equations for pressure drop in packed bed, minimum
fluidization velocity.

Unit-3: Filtration: equipments, cake resistance and medium resistance, vacuum and centrifugal
filtration. Sieving, solvent extraction, gravity separation, distillation and leaching.

Unit-4: Novel thermal processing: radio frequency, ohmic heating, microwave heating. infrared.
Thawing of foods. Commercial canning operations and equipments.

Unit-5: Low temperature preservation: preservation techniques, types of cold preservation,
cooling/precooling techniques, refrigerated storage, refrigerant, freezing, freezing methods and
equipments, freezing processes, freezing time and rate, freezing time models, temperature
quotient, heating and cooling load calculation.

10



References

1) Fellows, P. J. 1988. Food Processing Technology: Principle and Practice. VCH Publ.

2) Geankoplis J. Christie. 1999. Transport Process and Unit Operations. Allyn & Bacon

3) King, C. J. 1980. Separation Processes, Tata McGraw-Hill

4) McCabe, W.L. and Smith, J.C. 1999. Unit Operations of Chemical Engineering. McGraw
Hill.34

5) Rao, M.A. 2007. Rheology of Fluid and semisolid Foods: Principles and Applications,
Springer

6) Romeo T Toledo, 1997. Fundamental of Food Process Engineering.CBS Pubs.

7) Sahay, K.M. and Singh, K.K. 1994. Unit Operation of Agricultural Processing. Vikas
Publ. House

| 3AG152 | Food Process and Products Technology | 3L:0T:0P | 3 Credits |
Teaching Scheme

Lectures: 3 hours/week

Course Objectives

The main objective of the course is to teach the categories and properties of food commodities

and food products, and to outline their health, social and market relations surrounding their
production, distribution, preparation and consumption.

Course Outcome:

1. Understanding food processing techniques and their applications in product development.

2. Developing skills in product formulation, optimization, and quality assurance.

3. Ensuring knowledge of food safety regulations and quality control measures in food
production.

Syllabus Contents

Unit-1. Methods for extension of shelf life and value addition in foods, preservation of foods by
addition of heat-pasteurization, sterilization, cooking, blanching; Thermal death rate Kinetics of
microorganism, reverse osmosis, ultrafiltration, hurdle technology, minimally processed foods

Unit-2. Processing of: market milk, butter, ghee, ice cream, cheese, yoghurt, concentrated milk,
skim milk powder, whole milk powder, malted milk foods, infant and baby foods, food premixes
and blends, milled rice, refined wheat flour

Unit-3. Processing and preservation of foods by: Pickling, Jam, Jelly, marmalade, brining,
smoking, fermentation, Chutneys and sauces/ketchups.

Unit-4. Spices: major spices (chillies, turmeric, black pepper, ginger, cardemon) and minor
spices (garlic, cinnamon, fenugreek, cloves, onion, coriander, tamarind) of India.

Unit.5. Agricultural wastes and by-products utilization, principles and methods of waste disposal
quotient, heating and cooling load calculation.

11



References

1) Chocolate, Cocoa and Confectionary Science and Technology- Benard W. Minifie

2) Food chemistry (Revised and Expanded Edition) Owen R. Fennama

3) Food Processing Technology Principles and Practice —P. J. Fellows

4) Modern Food Microbiology- James M. Jay

5) Outline of Dairy Technology- Sukumar De

1) Sahay, K.M. and Singh, K.K. 1994. Unit Operation of Agricultural Processing. Vikas
Publ. House

6) Technology of Cereals- N. L. Kent

2) The Technology of Food Preservation (iv Edition)- Norman W. Desrosier and James N.
Desrosier

| 3AG156 | Advance Food Process Engineering Lab | OL:0T:4P | 2 Credits |
Teaching Scheme
Practical: 4 hours/week
Course Objectives
To provide in-depth understanding of important concepts in food processing, including heat and

mass transfer, extrusion, size reduction, homogenization, and packaging. Students will conduct
experiments to illustrate these food processing principles and be able to apply them.

Course Objective

1. Mastery of advanced equipment operation.

2. Proficiency in experimental design and optimization.

3. Encouragement of innovation through research exploration.

Syllabus Contents

1. Measurement of thermal conductivity, thermal diffusivity, emissivity and absorptiivty of
solid and liquid foods.

2. Flow properties of food powders.

w

Food packaging material evaluation for water vapor transmission range, gas permeability
(O2,N2 and COy), oil permeability, impact resistance, dry and wet strength.

Study of separation of cream and skim milk using disc bowl centrifugal seperator.
J —factor analogy

Comparison of energy requirement in vacuum drying and microwave drying
Study of spray drying of liquid food.

To study about solar drying of food products.

© ®©® N o g &

To study the canning process of food products.

10. To study the pressure — temperature relationship for solvent and different solution.

12



References

1. H. Das, 2005. Food Processing Operations Analysis. Asian Book Publications, New
Delhi.

2. Ibtisam E. Tothill. 2011. Rapid and On-Line Instrumentation for Food Quality Assurance.
Woodhead Publication, UK.

3. Jha, S.N. 2012. Nondestructive Evaluation of Food Quality: Theory and Practice.
Springer.

4. Ranganna, S. 2008. Handbook of Analysis and Quality Control for Fruit and Vegetable
Products. Tata McGraw Hill, New Delhi

5. Robertson, G.L. 2006. Food Packaging: Principle and Practice. Taylor and Francis, New
York.

6. Singh, R.P., and Augusto G.M. 1989. Food Properties and Computer-Aided Engineering
of Food Processing Systems. Kluwer Academic.

| 3AG157 | Food Analysis Lab | OL:0T:4P | 2 Credits |
Teaching Scheme
Practical: 4 hours/week
Course Objectives
This course is intended to introduce the application of physical, chemical and biological methods

and techniques of analysis used for in-line and off-line quality control laboratory measurement
for process optimization and product quality assurance in the food industry.

Course Outcome

1. Analytical Techniques: Introduce students to a variety of analytical techniques used in food
analysis, such as chromatography, spectrophotometry, and microscopy, to identify and quantify
components in food samples.

2. Quality Assessment: Develop students' ability to assess the quality and safety of food products
through chemical, physical, and microbiological analysis, including determination of nutritional
content, detection of contaminants, and evaluation of sensory attributes.

3. Interpretation of Results: Teach students how to interpret analytical data and draw conclusions
regarding the composition, authenticity, and compliance of food products with regulatory
standards, enabling them to make informed decisions regarding product quality and safety.
Syllabus Contents

1. Color by reflective spectrophotometer
Refractive index of oil by Abbe Refractometer

. Water activity and construction of MSI by dew point meter

2
3
4. Rheological behavior of Newtonian and Non-Newtonian liquids by Rheometer
5. Texture profile analysis by Texturometer

6

Fatty acid profile by Gas-Liquid Chromatograph

13
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7. Flavor components by High Performance Liquid Chromatograph

8. Amylose in starch by Absorption Spectrophotometer

9. Measurement of fat particles after and before homogenization of milk
10. Measurement of whey protein denaturation

References

1. Clifton M & Pomeranz Y. 1988. Food Analysis - Laboratory Experiments. AVI Publ.

2. Gruenwedel DW & Whitaker JR. 1984. Food Analysis Principles and Techniques. Vol. I.
Physical Characterization. Marcel Dekker.

3. Gruenwedel DW & Whitaker JR. 1984. Food Analysis Principles and Techniques. Vol.
I1. Physicochemical Techniques. Marcel Dekker.

4. Gruenwedel DW & Whitaker JR. 1984. Food Analysis Principles and Techniques. Vol.
I11. Biological Techniques. Marcel Dekker.

5. Gruenwedel DW & Whitaker JR. 1984. Food Analysis Principles and Techniques. Vol.
IV. Separation Techniques. Marcel Dekker.

6. H. Das, 2005. Food Processing Operations Analysis. Asian Book Publications, New
Delhi.

7. Jha, S.N. 2012. Nondestructive Evaluation of Food Quality: Theory and Practice.
Springer.

8. Leenheer AP, Lambert WE & van Bocxlaer JF. 2000. Modern Chromatographic Analysis
of Vitamins. 3rd Ed. Marcel Dekker.

9. Nollet LML. 1986. Handbook of Food Analysis. VVol. I. Marcel Dekker.

10. Soojin J. andJ. lrudayaraj. 2008. Food Processing Operations Modeling: Design and
Analysis. CRC Press, New York.

[ 3AG158 | Mini Project | OL:0T:4P | 2Credits |

Teaching Scheme
Lectures: 4hours/week

Course Objectives

1. To be able to apply some of the techniques/principles you have been taught

2. To carry out budget and time planning for the project.

3. To inculcate electronic hardware implementation skills by learning PCB artwork design using
an appropriate EDA tool.

4. To follow correct grounding and shielding practices

5. To do effective trouble-shooting of the mini project.

6. To develop effective communication skill by delivering a seminar based on mini project

Course Outcomes
Upon completion of mini project the students will be able to:

14
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1. Demonstrate a through and systematic understanding of project contents.

2. Understand methodologies and professional way of documentation and communication.
3. Know the key stages in development of the project.

4. Extend or use the idea in mini project for major project.

Syllabus Contents

Students can take up small problems in the field of design and development or Process product
development in the field of Food Process Engineering using Interdisciplinary approaches
/application as mini project. It can be related to solution to an engineering problem, verification
and analysis of experimental data available, comparative performance of various food
technology experiments, conducting experiments on various engineering subjects, studying a
software tool for the solution of an engineering problem

Guidelines

The Project Work will start in semester 11l and should preferably be a problem with research
potential and should involve scientific research, design, generation/collection and analysis of
data, determining solution and must preferably bring out the individual contribution. Seminar
should be based on the area in which the candidate has undertaken the dissertation work as per
the common instructions for all branches of M. Tech. The examination shall consist of the
preparation of report consisting of a detailed problem statement and a literature review. The
preliminary results (if available) of the problem may also be discussed in the report. The work
has to be presented in front of the examiners panel set by Head and PG coordinator. The
candidate has to be in regular contact with his guide and the topic of dissertation must be
mutually decided by the guide and student.

Dissertation Phase - | OL:0T:20P 10
3AG203 Credits

Teaching Scheme
Lectures: 20 hours/week

Course Objectives:
1. To acquaint with the process of undertaking literature survey/industrial visit and
identifying the problem
2. To familiarize the process of solving the problem in a group
3. To acquaint with the process of applying basic food engineering fundamental in the
domain of practical applications
4. To inculcate the process of research

Course Outcomes
At the end of this course, students will be able to
1. Use different experimental techniques.
2. Use different software/ computational/analytical tools.
15



3. Design and develop an experimental set up/ equipment/test rig.

4. Conduct tests on existing set ups/equipments and draw logical conclusions from the
results after analyzing them.

5. Work in a research environment or in an industrial environment.

6. Conversant with technical report writing.

7. Present and convince their topic of study to the engineering community.

Guidelines

It is a continuation of Project work started in semester 111. The student has to submit the report in
prescribed format and also present a seminar. The dissertation should be presented in standard
format as provided by the department. The candidate has to prepare a detailed project report
consisting of introduction of the problem, problem statement, literature review, objectives of the
work, methodology (experimental set up or numerical details as the case may be) of solution and
results and discussion. The report must bring out the conclusions of the work and future scope
for the study. The work has to be presented in front of the examiners panel consisting of an
approved external examiner, and internal examiner. The candidate has to be in regular contact
with the guide.

3AG251 Dissertation Phase - 11 OL:0T:32P 16 Credits

Teaching Scheme
Lectures: 32 hours/week

Course Objectives:

1. To acquaint with the process of undertaking literature survey/industrial visit and
identifying the problem

2. To familiarize the process of solving the problem in a group

3. To acquaint with the process of applying basic food engineering fundamental in the
domain of practical applications

4. To inculcate the process of research

Course Outcome

After completing the course, students will be able to:

1 Identify a topic in advanced areas of Mechanical Engineering.

2 Review literature to identify gaps and define objectives & scope of the work.
3 Generate and implement innovative ideas for social benefit.

Guidelines

It is a continuation of Project work started in semester Ill. The student has to submit the report in
prescribed format and also present a seminar. The dissertation should be presented in standard
format as provided by the department. The candidate has to prepare a detailed project report
consisting of introduction of the problem, problem statement, literature review, objectives of the
work, methodology (experimental set up or numerical details as the case may be) of solution and
results and discussion. The report must bring out the conclusions of the work and future scope
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for the study. The work has to be presented in front of the examiners panel consisting of an
approved external examiner, and internal examiner. The candidate has to be in regular contact
with the guide.
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PROGRAMME ELECTIVES - |

| 3AG103A | Food Fermentation Technology | 3L:0T:0P | 3Credits |
Teaching Scheme
Lectures: 3 hours/week
Objective of Course:
At the end of this course, students will be able to

. To understand the principles of food fermentation technology
. To study the types of starters used in Food Industry
. To study the production of various fermented food

Course Outcome

Upon successful completion of this course students are expected to be able to design a food
fermentation process starting from isolation, screening and preservation of microorganisms,
selecting the fermentation conditions, and preparing the necessary step for isolation and
harvesting of the products.

Syllabus Contents

Unit 1:

Fermentation, types of fermentation, Fermentation Pathways for Industrial Products:
Biochemical pathways of metabolic reactions for utilization of carbon sources and formation of
different metabolites by microorganisms; Strain Development -Various techniques of modifying
the strains for increased production of industrial products. Use of chemicals, UV rays, genetic
engineering to produce newer strains.

Unit 2:

Typical media, Media formulation: -Carbon Source, Nitrogen source, Minerals, Growth Factors,
Buffers, Precursors and Inhibitors, O> requirement and antifoams.

Unit 3:

Fermenter design, Instrumentation and control, Types of fermenters (Shake flask, Batch/stir tank,
Continuous, Bubble column, airlift and Tower fermenter), Types of fermentation processes,
aeration and agitation (The oxygen requirement for industrial fermentation, Determination of
KLa values).

Unit 4:

Downstream Processing: Various equipment for product recovery; micro-filters and
Ultrafiltration systems for separation of cells and fermentation medium and for concentration of
medium containing product; chromatographic systems of separation; extraction of product with
solvent; evaporation and crystallization; centrifugation, different types of centrifuges; drying
techniques; instrumentation and controls.

Unit 5:

Fermentative Production: a) Foods: Processes for preparing fermented products including
Yogurt (curd) and other Traditional Indian Products like idli, dosa, dhokla, shrikhand,., Soya
based products like soya sauce, natto,., , Cheese.; Alcoholic Beverages based on fruit juices
(wines), cereals (whisky, beer, vodka,), sugar cane (rum) Process description, quality of raw
materials, fermentation process controls. b) Industrial chemicals: Fermentative Production of

18



Organic acids
References
1. Shikha,O, K Tiwari, Brijesh K (Eds.). 2016. Novel Food Fermentation Technologies.
Springer International Publishing
2. Stanbury, P.F.,A. Whitaker and S.J. Hall ,.2016, Principles of Fermentation Technology
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3. Vogel, H.C. and C.L. Todaro, 2005 Fermentation and Biochemical Engineering
Handbook :  Principles, Process Design and Equipment , 2nd Edition, Standard
Publishers.
4. El-Mansi, E.M.T, 2007, Fermentation Microbiology and Biotechnology 2nd Edition,
CRC / Taylor & Francis.
5. Joshi, V.K. and Ashok Pandey, 1999, Biotechnology: Food Fermentation, Microbiology,
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| 3AG103B | Computer application in food industry | 3L:0T:0P | 3Credits |

Teaching Scheme

Lectures: 3 hours/week

Course Objectives

Students will able to learn about industrial use of computer application in different field such as

quality control, logistics, engineering data management, and product documentation. It also
support in different industrial process such as design, manufacturing, purchasing, physical
distribution, production management and supply chain management.

Course Outcome

1.Learn to utilize computer applications for streamlining processes in food production,
distribution, and management, optimizing resource allocation, and reducing operational costs.

2. Gain skills in employing software tools for monitoring and maintaining food quality standards,
ensuring compliance with regulatory requirements, and implementing effective food safety
protocols.

3.Develop proficiency in analyzing large datasets using computer applications, enabling
informed decision-making for product development, inventory management, market forecasting,
and process optimization in the food industry.

Syllabus Contents

Unit 1: Importance of computerization in food industry, operating environments and information
systems for various types of food industries, principles of communication. Supervisory Control
and Data Acquision (SCADA): Introduction to SCADA, SCADA systems hardware and
firmware, SCADA systems software and protocols, landlines, local area network systems,
modems, central site computer facilities

Unit 2: Spreadsheet Applications: Data entry, interpretation and solving problems; Cells, cell
reference, functions, preparation of charts, use of macros to solve engineering problems; use of
add-ins, use of solver etc. Web hosting and Webpage Design: Domain registration, web hosting,
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webpage design using web publishing software; Introduction to File Transfer Protocol (FTP);
Online food process control from centralized server system in processing plant.

Unit 3: Use of Matlabs in Food Industry: Introduction, MATLAB interactive sessions,
computing with MATLAB, Script files and editor/debugger; MATLAB help system, problem
solving methodologies; Numeric, cell and structure array; Arrays, multidimensional arrays,
element by element operations ; Matrix operations, polynomial operations using arrays, cell
arrays, structure arrays; Functions and Files in MATLAB: Elementary mathematical functions,
user defined functions; Advanced function programming, working with data files; Programming
using MATLAB, Program design and development, Relational operators and logical variables,
Logical operators and functions, Conditional statements, loops, the switch structure, debugging
MATLAB programs, applications to simulations. Plotting and Model Building in MATLAB; XY
plotting functions, subplots and overlay plots, special plot types, interactive plotting in
MATLAB, function discovery, regression, the basic fitting interface, three dimensional plots;
Introduction to Toolboxes useful to Food Industry: Curve fitting toolbox, Fuzzy logic toolbox,
Neural Network toolbox, Image processing toolbox, statistical toolbox

Unit 4: Introduction to CFD Applications in Food Industry: Introduction to Computational Fluid
Dynamics (CFD), governing equations of fluid dynamics. Models of flow, substantial derivative,
divergence of velocity, continuity, momentum and energy equations. Physical boundary
conditions, discretization. Applications of CFD in Food and beverage industry. Introduction to
CFD softwares, GAMBIT and Fluent softwares

Unit 5: Use of Software packages for: Summarization and tabulation of data; Descriptive
statistics; Graphical representation of data, Exploratory data analysis.

References
1. Chatfield C. 1983. Statistics for Technology. 3rd Ed. Chapman & Hall.

2. Da Wen Sun. Computation Fluid Dynamics in Food Processing. CRC press

3. David Bailey and Edwin Wright. Practical SCADA for Industry. Elsevier

4. Free Statistical Softwares: http://freestatistics.altervista.org/en/stat.php.

5. Fundamentals of Food Process Engineering by R.T.Toledo. Published by Springer
6. http://www.iasri.res.in/design/Analysis of data/Analysis of Data.html.

7. Introduction to Web Design Using Microsoft FrontPage by Glencoe/McGraw-Hill
Published by Glencoe/McGraw Hill

8. Jenny Chapman. Web Design: A Complete Introduction. John Wiley & Sons
9. Learning Statistics: http://freestatistics.altervista.org/en/learning.php.

10. Statistics Glossary http://www.cas.lancs.ac.uk/glossary v1.1l/main.html.

20



11. William J. Palm. Introduction to MATLAB 7 for engineers. McGraw Hill Professional

| 3AG103C | Bakery and Confectionary Products | 3L:0T:0P | 3Credits |
Teaching Scheme
Lectures: 3 hours/week
Course Objectives
To impart basic and applied technology of baking and confectionary and acquaint with the

manufacturing technology of bakery and confectionary products.

Course Outcome

1. Imparting knowledge of scope of bakery and confectionary, terminology used, and
organization chart of bakery.

2. Familiarizing students with different types of flours, their composition and functional
properties.

3. Analysing the role of various ingredients used in bread making and effect of processing
conditions.

4. Understanding the working of various types of ovens, methods of bread making and
characteristics of a good bread.

Syllabus Contents

Unit 1: History of Bakery and Confectionery, Raw materials used in Bakery and its
characteristics, use of water, role of salt, yeast production, enzymes and their functions in dough,
properties and role of milk and sugar, leavening agents and their functions in bakery industry,
spices and their functions in baking, flavouring and their function in bread making.

Unit 2: Food colours, type of setting materials and their function in baking, Cocoa and
Chocolate, Bakery unit operation, type of breads, bread faults and remedies, cream crackers,
soda crackers, wafer biscuits and matzos, puff biscuits, hard sweet, semi sweet and garibaldi fruit
sandwich biscuit, short dough biscuits, wafers.

Unit 3: Cakes — type, ingredients, processing of cakes, problem and remedies. Pizza and Pastries
— their ingredients and processing, bakery equipment required — type, selection, maintenance,
bakery norms and standards.

Unit 4: Type of confectionery, Technical considerations of confectionery — TSS, pH, Acidity,
and ERH. Raw materials — types of sugar and their role in confectionery, alternative bulk
sweeteners and their role in confectionery, enzymes used in syrup production, protein and fat
related products and their role in confectionery.

Unit 5: Food colors and flavors, ingredients used in chocolate, chocolate processing, caramel,

toffee and fudge processing, Processing of liquorices paste, and cream paste, and aerated
confectionery products, Tablets, chewing gum, crystallize confectionery.
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PROGRAMME ELECTIVES -1l

| 3AGI04A | Food Plant and Equipment Design | 3L:0T:0P | 3Credits |
Teaching Scheme
Lectures: 3 hours/week
Course Objectives
To impart knowledge on design of various equipments used in food industries and theoretical

aspect to be considered for plant layout and site selection.

Course Outcome:

1. Proficiently apply principles of food plant design to create efficient layouts and processes,
demonstrating an understanding of factors such as workflow optimization, equipment selection,
and regulatory compliance.

2. Design and implement material handling systems and utilities management strategies that
prioritize sanitation, safety, and sustainability, while effectively managing energy requirements
and adhering to environmental regulations.

3. Demonstrate competency in integrating automation and control systems into food processing
plants to enhance productivity, minimize risks, and ensure the highest standards of quality and
safety, through hands-on projects and case studies.

Syllabus Contents

Unit 1: Physical properties of food materials, mass and energy balance calculations for
preliminary estimation of plant capacity and equipment sizes, preparation of flow sheets for
material movement and utility consumption in food plant

Unit 2: Selection of materials, design of storage vessels for foods, design of pressure vessels and
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design of vessel for drum drying, stress and strain calculation, fatigue

Unit 3: Performance characteristics and selection of fans, blowers, ejector compressors and
vacuum pumps, performance characteristics and selection of centrifugal and positive
displacement sanitary pumps, design of fluid conveyance system; pipe, sanitary pipe fitting and
valves

Unit 4: Design of heat exchange equipment-plate, scraped surface and extended surface for
heating and cooling of gas and liquid, design of evaporator calandria, vapor separator and
condenser

Unit 5: Design considerations for location of food plant, equipment layout and ventilation in
food process plants

References

1. Albert, I., and G.V. Barbosa-Canovas. 2002. Unit Operations in Food Engineering. CRC
Press, New York.

2. Geankoplish, C.J. 2000. Transport Processes and Unit Operations. Prentice Hall of India
Pvt. Ltd., New Delhi.

3. Kenneth J. V., Enrique R., and Singh, R.P. 1997. Handbook of Food Engineering Practice.
CRC Press, New York.

4. Oberg, E., Jones, F.D., Horton, H.L., and Ryffel, H.H. 2008. Machinery’s Handbook.
Industrial Press.
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3AG104B | Non-thermal Food Processing Technologies | 3L:0T:0P | 3 Credits

Teaching Scheme

Lectures: 3 hours/week

Course Objectives

To acquaint with the methods that do not use heat to retain quality attributes of food while

ensuring food safety and functionality of the product. The course deals with key concepts and
industrial applications of emerging non-thermal food processing technologies such as high
hydrostatic pressure, ultrasound, magnetic electric field, gamma irradiation, and pulsed light. It
also provide hands-on practice in operating representative equipment used in non-thermal food
processing as well as collecting, analysing and interpreting actual food engineering data.

Course Outcome:

1. Understand non-thermal food processing technologies and their applications.

2. Evaluate the effectiveness of non-thermal methods compared to traditional thermal techniques
in food preservation and safety.

3. Develop skills to design, implement, and optimize non-thermal processing systems in
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compliance with regulations and consumer preferences.
Syllabus Contents

Unit 1: Introduction to non-thermal processing, comparison of thermal and non-thermal
processing, advantages and disadvantages of non-thermal processing

Unit 2: Pulse Electric Filed (PEF) processing of foods, general principles, microbial inactivation
kinetics by PEF, changes in enzyme activity, protein conformation, vitamin and flavor stability,
PEF assisted juice exertion

Unit 3: High Pressure Processing (HPP) of foods, general principles, type of HPP systems,
applications -inactivation of micro-organisms and enzymes, milk and milk products, egg, meat
and fish products, fruits and vegetable products, high pressure assisted freezing and thawing

Unit 4: Food irradiation, ultraviolet light microbial inactivation by ultrasound, magnetic field

Unit 5: Non-thermal technology combination with thermal technologies, packaging requirements
for non-thermal processed foods, food safety and regulations of non-thermal processed foods.

References

1. Barbosa-Canovas, G. and Zhang, Q. 2001. Pulsed Electric Fields in Food Processing:
Fundamental Aspects and Applications. Technomic: Lancaster, PA.

2. Barbosa-Canovas, G.V., Pothakamury, U.R., Palou, E. and Swanson, B.G. 1989. Non-
thermal Preservation of Food. Mercel Dekker, New York.

3. Barbosa-Canovas, G.V., Tapia, M. S. and Cano, M.P. 2005. Novel-thermal Food
Processing Technologies. CRC Press, New York.

4. Gould, G.W. 1995a. New Methods of Food Preservation. Blackie Academic and
Professional, Glasgow, UK.
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Food Engineering. Technomic Publishing Co., Lancaster, PA.

3AG104C Advance refrigeration and air conditioning 3L:0T:0P 3 Credits
system

Teaching Scheme

Lectures: 3 hours/week

Course Objectives

To learn about the principle and different components of refrigeration system. Design of cold
storage and calculation of their cooling load for different food products.

Course Outcome

1. Gain an in-depth understanding of advanced refrigeration and air conditioning systems
tailored specifically for food processing and storage applications.

2. Analyze and assess the unique requirements and challenges of refrigeration and air
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conditioning in the food industry, including temperature control, humidity management, hygiene
considerations, and compliance with food safety regulations.

3. Develop expertise in designing and implementing advanced refrigeration and air conditioning
systems optimized for food processing facilities, integrating features such as cold storage, blast
freezing, controlled atmosphere storage, and cleanroom environments to ensure food quality,
safety, and preservation while maximizing energy efficiency and sustainability.

Syllabus Contents

Unit 1: Vapour compression refrigeration systems with multiple evaporators and compressors:
System components: compressor, Evaporators, Condensers & Expansion Devices and their
functional aspects. Methods for improving COP, multiload system with single compressor,
complex systems, dual compression system, system calculations, system balancing & controls,
installation charging testing and maintenance of refrigeration and air conditioning

Unit 2: Vapour absorption refrigeration system: Ammonia-Water system, Li-Br system, VVapour
absorption refrigeration cycle and its representation on enthalpy composition diagram;
Absorption system calculations. Heat Pumps: different ‘heat pump circuits’, analysis of heat
pump cycle, Use of heat pumps in plant for energy conservation.

Unit 3: Non-conventional refrigeration systems: Steam jet refrigeration, Thermo electric
refrigeration, vortex tube, cooling by adiabatic demagnetization, air refrigeration cycles. Design
elements of Refrigeration equipments: compressor condenser, evaporator, cooling tower, spray
pond etc. Balancing of different components.

Unit 4: Design of cold storage and air-conditioning systems: types of cooling loads and their
calculation, design of cold storage for food products, construction of cold storage, equipment
selection, insulating materials, vapour barriers, Ice bank tank.

Unit 5: Control and maintenance of a commercial refrigeration plant: Pressure regulating valves,
Thermostatic valves, LP/ HP cutouts, high to low side bypass valve, condenser water regulating
valve, capacity control devices, pump down control, defrosting methods, liquid charging;
General preventive maintenance of refrigeration plant. Transport air conditioning system:
Introduction, components of different automobile air conditioning systems.

References

1. Andrew D Althhouse & Carl H. Turnquist 1958. Modern Refrigeration and Air-
conditioning. Good Heart Wilcox Co.

2. Arora CP. 2000. Refrigeration and Air-conditioning. Tata McGraw Hill.

3. Carrier Air-conditioning. 1965. Handbook of Air-conditioning System Design. McGraw
Hill.

4. Domkundwar S. 1980. A Course in Refrigeration and Air-conditioning. Dhanpat Rai &
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5. Gunther Raymond C. 1957. Refrigeration and Air-conditioning and Cold Storage.
Chilton Co.

6. Jordan RC & Priester GB. 1971. Refrigeration and Air conditioning. Prentice Hall of
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7. Langley BC. 1978. Refrigeration and Air-conditioning. Reston Publ.
8. New-Comer JL. 1981. Refrigeration and Air-conditioning. Venus Trading Co.

9. Ananta Krishnan CP & Simha NN. 1987. Technology and Engineering of Dairy Plant
Operation. Luxmi Publ.

PROGRAMME ELECTIVES - 11

3AG153A Technology of meat, poultry and fish 3L:0T:0P 3 Credits
processing

Teaching Scheme

Lectures: 3 hours/week

Course Objectives

To provide an understanding of the technology for handling, processing, preservation and by-

product utilization of meat, poultry and fish products processing.

Course Outcome:

1. Acquire comprehensive knowledge of the technology and processes involved in meat, poultry,
and fish processing, including butchery, deboning, portioning, curing, smoking, and packaging
techniques.

2. Understand the principles of meat, poultry, and fish quality assessment, including factors
affecting texture, flavor, color, and shelf-life, and learn to apply quality control measures
throughout the processing chain to ensure product safety and consistency.

3. Develop practical skills in the operation and maintenance of processing equipment and
machinery specific to the meat, poultry, and fish industry, and gain insights into emerging
technologies and innovations aimed at improving efficiency, productivity, and sustainability in
processing operations.

Syllabus Contents

Unit 1: Meat composition from different sources; muscle structure and compositions; post-
mortem muscle chemistry; meat colour and flavours; meat microbiology and safety.

Unit 2: Modern abattoirs, typical layout and features, ante-mortem handling and design of
handling facilities; hoisting rail and traveling pulley system; stunning methods; steps in
slaughtering and dressing; offal handling and inspection; inedible by-products; operational
factors affecting meat quality; effects of processing on meat tenderization; abattoir equipment
and utilities

Unit 3: Modern abattoirs, typical layout and features, ante-mortem handling and design of
handling facilities; hoisting rail and traveling pulley system; stunning methods; steps in
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slaughtering and dressing; offal handling and inspection; inedible by-products; operational
factors affecting meat quality; effects of processing on meat tenderization; abattoir equipment
and utilities

Unit 4: Poultry industry in India, measuring the yields and quality characteristics of poultry
products, microbiology of poultry meat, spoilage factors; lay-out and design of poultry
processing plants, plant sanitation; poultry meat processing operations, equipment used —
defeathering, bleeding, scalding etc.; packaging of poultry products, refrigerated storage of
poultry meat, by products — eggs, egg products, whole egg powder, egg yolk products, their
manufacture, packaging and storage.

Unit 5: Commercially important marine products from India; product export and its sustenance;
basic biochemistry and microbiology; preservation of postharvest fish freshness; transportation
in refrigerated vehicles; deodorization of transport systems; design of refrigerated and insulated
trucks; grading and preservation of shell fish; pickling and preparation of fish protein
concentrate, fish oil and other by products.

References

Forrest, J.C. 1975. Principles of Meat Science. Freeman. Govindan,
T.K. 1985. Fish Processing Technology. Oxford & IBH. Hui, Y.H.
2001. Meat Science and Applications. Marcel Dekker. Kerry, J. et al.
2002. Meat Processing. Woodhead Publ. CRC Press. Levie, A. 1984.
Meat Hand Book. 4th Ed. AVI Publ.

Mead, M. 2004. Poultry Meat Processing and Quality. Woodhead Publ.
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3AG153B | Food Extrusion Technology | 3L:0T:0P | 3Credits

Teaching Scheme

Lectures: 3 hours/week

Course Objectives

To impart knowledge to the students about extrusion technology, principle of working,

classification of extruders according to process and construction, extruded products and their
processing.

Course Outcome:

1. Develop a comprehensive understanding of food extrusion technology, including the
principles of extrusion, types of extruders, and the factors influencing extrusion processes.

2. Gain knowledge of the various applications of food extrusion in the production of a wide
range of food products, such as snacks, breakfast cereals, pasta, pet foods, and textured vegetable
proteins.

3. Acquire practical skills in the design, operation, and optimization of extrusion processes,
including die and screw design, ingredient formulation, process control, and troubleshooting, to
produce high-quality food products efficiently and cost-effectively.
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Syllabus Contents

Unit 1: Extrusion: definition, introduction to extruders and their principles, types of extruders,
Extruders in the food industry: History and uses of extruders in the food industry

Unit 2: Single screw extruder: principle of working, net flow, factors affecting extrusion process,
Twin screw extruder: counter rotating and co-rotating twin screw extruder, Process
characteristics of the twin screw extruder : feeding, screw design, screw speed, screw
configurations, die design, Twin screw extruder: Barrel temperature and heat transfer, adiabatic
operation, heat transfer operations and energy balances, Problems associated with twin screw
extruder

Unit 3: Pre-conditioning of raw materials used in extrusion process, Pre conditioning operations
and benefits of pre-conditioning and devolatilization, Interpreted-flight expanders - extruders,
dry extruders, Chemical and nutritional changes in food during extrusion, pre-extrusion
processes, cooker extruder Profiling, Practical considerations in extrusion processing: Addition
and substraction of materials, shaping and forming at the die, post extrusion processes

Unit 4: Breakfast cereals: introduction, type of cooking - High shear cooking process, steam
cookers, low shear, low pressure cookers and continuous staem pre-cooking, available brands,
Breakfast cereal processes: traditional and extrusion methods, classification of breakfast cereals -
flaked cereals, oven puffed cereals, gun puffed cereals, shredded products

Unit 5: Texturized vegetable protein: Definition, processing techniques, and foods, Snack food
extrusion: Direct expanded (DX) and third generation (3G) Snacks: types, available brands, co-
extruded snacks and indirect-expanded products

References

1. Fast R.B. and Caldwell E.F. Breakfast Cereals and How they are made.(2000) American
Association of Cereal Chemists., St. Paul, Minnesota.
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3AG153C | Fruit and Vegetable Processing | 3L:0T:0P | 3Credits

Teaching Scheme

Lectures: 3 hours/week

Course Objectives

To acquaint with principles and methods of preservation of fruits and vegetables into various

value added products

Course Outcome:

1. Understand the principles and techniques involved in fruit and vegetable processing, including
harvesting, sorting, cleaning, peeling, cutting, blanching, drying, freezing, canning, and
packaging.

2. Gain knowledge of the factors affecting the quality, safety, and shelf-life of processed fruits
and vegetables, and learn how to implement appropriate preservation methods and quality
control measures to maintain product integrity.

3. Develop practical skills in the operation and maintenance of processing equipment specific to
fruit and vegetable processing, as well as familiarity with industry regulations, standards, and
best practices for ensuring food safety and meeting consumer demands.

Syllabus Contents

Unit 1: Production and processing scenario of Fruits and vegetables in India and world, scope of
fruit and vegetable processing industry in India - present status, constraints and prospective.
Principles of preservation- Drying, dehydration, pretreatments required, factors affecting rate of
dehydration, Reconstitution -coefficient of rehydration

Unit 2: Freezing process, type of freezing, changes during freezing, thawing, principle and
process of canning, type of concentration, changes during concentration, chemical preservation,
hurdle concept, irradiation,

Unit 3: Jam — ingredients and their role, processing of jam, Pectin and its sources, functional
properties of pectin, Jelly and marmalades, processing of jelly and marmalades, fruit preserves
and candied fruit, preparation of fruits preserves and candied, glazed & crystallized fruit
preparation.

Unit 4: Chutneys and its preparation, pickles, type of pickling, sauerkraut, problems in pickle
making, sauces and ketchups,

References
1. Barret DM, Somogyi LP &Ramaswamy H. 2005. Processing of Fruits.CRC Press

2. FAO. 2007. Handling and Preservation of Fruits and Vegetables by Combined Methods
for Rural Areas- Technical Manual. FAO Agr. Ser. Bull., 149.

3. Fellows P. 2007. Guidelines for Small-Scale Fruit and Vegetables Processors. FAO Agr.
Ser. Bull., 127.

4. Lal G, Siddappa GS & Tandon GL. 1998. Preservation of Fruits and Vegetables. ICAR.
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6. Salunkhe DK & Kadam SS.1995. Handbook of Fruit Science & Technology: Production,
Composition and Processing. Marcel Dekker.

7. Somogyi LP. et al. 1996. Processing Fruits - Science and Technology. Vols I, II.
Technomic Publ.
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PROGRAMME ELECTIVES - IV

3AG154A | Food Handling and Packaging | 3L:0T:0P | 3Credits

Teaching Scheme

Lectures: 3 hours/week

Course Objectives

To provide knowledge about different conveying systems and development of food packaging

materials and technologies aiming at assuring the safety and quality of foodstuffs in order to
design an optimized package which satisfies all legislative, marketing and functional
requirements sufficiently, and fulfils environmental, cost and consumer demands as well as
possible.

Course Outcome:

1. Understand the principles and practices of safe food handling throughout the food production
and packaging process, including sanitation, hygiene, temperature control, cross-contamination
prevention, and allergen management.

2. Gain knowledge of various packaging materials, technologies, and techniques used in the food
industry, including barrier properties, shelf-life extension, modified atmosphere packaging
(MAP), active packaging, and sustainable packaging alternatives.

3. Develop skills in selecting appropriate packaging materials and methods for different food
products, considering factors such as product characteristics, transportation requirements,
regulatory compliance, consumer preferences, and environmental sustainability.

Syllabus Contents

Unit 1. Overview of material handling system and devices in food processing plants, design of
screw, bucket, belt, oscillating and vibratory conveyors

nit 2: Packaging materials, their characteristics and properties, manufacture of plastic films,
foils, laminates, retortable pouches, rigid plastic container paper and corrugated fibre board,
design of shipping cartons and containers, rigid packaging using tin plate and aluminium

Unit 3: Design of aerosol container, metal tubes, glass containers and closures, labels and
printing in packages, packaging requirement for different processed and unprocessed foods, e.g.,

30



cereal grains, baked foods, milk and dairy products, fish and meat, fresh fruits and vegetables

Unit 4: Principles of working of various type fillers: form- fill-seal machine, gas packaging and
modified atmosphere package design, shelf life prediction of foods in packages, quality control
in food packaging, product safety and packaging regulations.

Unit 5: Novel packaging technologies — edible packaging, smart packaging, active packaging,
anti-microbial packaging, CA and MA packaging, nano-packaging

References
1. Ahvenainen, R. 2003. Novel Food Packaging Techniques. CRC Press, Boca Raton, FL,
New York.

2. Brady, A.L. 1989. Controlled/Modified Atmosphere/Vacuum Packaging of Foods.
2"YEdn. Food and Nutrition Press, Trumbull, CT.

3. Coles, R., Mcdowell, D., Kirwan, M. J. 2003. Food Packaging Technology. CRC Press,
Blackwell Publishing.

4. Karel, M. and Lund, D.B. 2003. Protective Packaging, Physical Principles of Food
Preservation, 2" Ed. Marcel Dekker, New York.

5. Kilcast, D., and Subramaniam, P. 2000. The Stability and Shelf life of Food. CRC Press,
Boca Raton, FL, New York.

6. Robertson, G.L. 2006. Food Packaging: Principle and Practice. Taylor and Francis, New
York.

7. Rockland, L.B. and Beuchat, L.R. 1987. Water Activity: Theory and Applications to
Food. Marcel Dekker, New York

| 3AG154B |  Food Safety and Quality Management | 3L:0T:0P | 3 Credits |
Teaching Scheme
Lectures: 3 hours/week
Course Objectives
To acquaint with food quality parameters and control system and also impart knowledge about

various national and international standards for different food. Students will able to know about
various acts, rules, regulations, laws and orders related to food articles governing their
manufacture, import, export, storage, sale and distributions.

Course Outcome:

1. Understand the principles and regulations governing food safety and quality management,
including Hazard Analysis and Critical Control Points (HACCP), Good Manufacturing Practices
(GMP), and international food safety standards (e.g., ISO 22000).

2. Develop proficiency in implementing food safety management systems to identify, assess, and
control hazards throughout the food production chain, ensuring the production of safe and high-
quality food products.
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3. Acquire practical skills in conducting risk assessments, developing preventive controls,
implementing quality assurance procedures, conducting audits and inspections, and managing
food safety incidents and recalls to meet regulatory requirements and industry standards.
Syllabus Contents

Unit-1: Quality and Assurance: Definition, scope, importance and difference, Total quality
control and (TQC) Total quality management (TQM), Statistical quality controls. Definition,
importance, scope and difference between food quality and food safety.

Unit-2: Sensory Evaluation: Selection of panel of judges, Prerequisite for sensory analysis,
application of consumer tests; control of factors affecting of sensory verdict, Instrumental
measurements of sensory attribute of foods sensory characteristics of foods, types of tests,
Texture profile analysis. Correlation between instrumental and Sensory analysis of food quality
attributes.

Unit-3: Food standards and laws: International — Concept of Codex Alimentarius, HACCP,
GMP, GHP, USFDA, ISO 9000, I1SO 22000, ISO 14000. Export Quality Control and Inspection
act (1963), Environment Protection Act (1986), WTO & GATT, etc. GMP, GHP. National —
Compulsory and voluntary trade and Company standards. Consumer Protection Act (1986),
BIS/IS, Food Safety and standards — 2006, FPO, MPO, MMPO, Agmark. GMP, GHP.

Unit-4: Raw materials & Finished product quality: Quality parameters and evaluation
procedures: appearance, color, texture, viscosity, consistency, flavour etc. Quality Certification
& Accrediation: Introduction and procedure

Unit-5: Prevention of food adulteration Act: Food Adulteration: definition, common adulterants
in different foods, contamination, method of detection, Food additives and legislation; PFA
specification for food products, Nutritional labeling. Risk and Hazard associated with Food:
Food hazards, sources of hazard, classification, Food safety; prevention and control, Statistical
quality control. HACCP, Quality costs.

References

1. Early R.1995.Guide to Quality Management Systems for Food Industries. Blackie
Academic.

2. FSSAI (2011). Food safety and standards (Food product standards and Food Additives)
regulation

Furia TE.1980. Regulatory status of Direct Food Additives. CRC Press.
Jellinek G. 1985. Sensory Evaluation of Food - Theory and Practice. Ellis Horwoood.
Krammer A & Twigg BA.1973. Quality Control in Food Industry. Vol. I, Il. AVI Publ.
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Naomi Rees. David Watson. 2000. International standards for food safety, Aspen
Publications.
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7. Ranganna S. 2001. Handbook of Analysis and Quality Control for Fruit and Vegetable
Products. 2nd Ed. Tata-McGraw-Hill.

3AG154C |  Processing of Cereal, Pulse and Oilseed | 3L:0T:0P | 3 Credits

Teaching Scheme

Lectures: 3 hours/week

Course Objectives

To acquaint with production and consumption trends, structure, composition, quality evaluation,

and processing technologies for product development and value addition of various cereals,
pulses and oilseeds.

Course Outcome:

1. Gain comprehensive knowledge of the processing techniques involved in cereals, pulses, and
oilseeds, including cleaning, milling, grinding, flaking, extrusion, and oil extraction methods.

2. Understand the impact of processing on the nutritional composition, sensory characteristics,
and shelf-life of cereal grains, pulses, and oilseeds, and learn to optimize processing parameters
to preserve product quality and functionality.

3. Develop practical skills in operating and maintaining processing equipment specific to cereal,
pulse, and oilseed processing, as well as in implementing quality control measures to ensure
product safety, consistency, and compliance with industry regulations and standards.

Syllabus Contents

Unit 1: Objectives and requirements of processing; raw grain characteristics and quality.

Unit 2: Wheat milling - products and by-products; roller flour milling; separation of milled
products; manufacture of bakery products, pasta products and various processed cereal-based
foods; manufacture of whole wheat atta, blended flour and fortified flour.

Unit 3: Rice milling technology; by-products of rice milling and their utilization; parboiling of
rice- technology and effect on quality characteristics; processed products based on rice

Unit 4: Corn: Types and nutritive value; dry and wet milling, manufacture of value-added
products; processing of barley, oats, sorghum and millets.

Unit 5: Legumes and oilseeds: composition, anti-nutritional factors, processing and storage;
processing of oilseeds, construction and working mechanism of different extraction equipments
like single stage extraction, multiple stage static bed system, bellman extractor, Hildebrandt
extractor; assessment of processed product quality; packaging of processed products .

References
1. A. Chakravarty et al 2003. Handbook of Post Harvest Technology Marcel Dekker.

2. Araullo, E.V., dePadna, D.B. and Graham, Michael. 1976. Rice Post Harvest
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Technology. International Development Res. Centre, Ottawa, Canada
3. Dendy,DA.V. and Dobraszczyk, B.J. 2001. Cereal and Cereal Products. Aspen.
4. Lorenz, K.L.1991. Handbook of Cereal Science and Technology. Marcel Dekker.
5. Marshall, W.E.and Wadsworth, J.I. 1994. Rice Science and Technology. Marcel Dekker.

6. Mathews, R.H. 1989. Legumes Chemistry, Technology and Human Nutrition. Marcel
Dekker.

PROGRAMME ELECTIVES -V

3AG154A | Food Process Modelling | 3L:0T:0P | 3Credits

Teaching Scheme

Lectures: 3 hours/week

Course Objectives

The students would be exposed to concepts of Design of Experiments so as to enable them to

understand the concepts involved in planning, designing their experiments and analysis of
experimental data.

Course Outcome:

1. Develop a deep understanding of the principles and methodologies of food process modeling,
including mathematical modeling, computational fluid dynamics (CFD), and kinetic modeling
techniques.

2. Gain proficiency in applying modeling approaches to simulate and analyze various food
processing operations, such as heat transfer, mass transfer, mixing, drying, freezing, and
fermentation, to optimize process parameters and predict product quality.

3. Acquire practical skills in using software tools and programming languages to develop and
validate food process models, interpret simulation results, and make informed decisions for
process design, scale-up, troubleshooting, and innovation in the food industry.

Syllabus Contents

Unit 1: ldentification of design, operating and performance parameters in mechanical, thermal
and mass transfer operations carried out in food processing such as; particulate size reduction,
homogenization, centrifugation, packaging, mixing, conveying, extrusion, storage, heating,
cooling, freezing, puffing, frying, distillation, extraction, concentration and drying.

Unit 2: Developing mathematical relationship between the independent and dependent variables
affecting the food processing operations by using physical and chemical principles governing the
processes.

Unit 3: Factorial, fractional factorial and rotatable central composite experimental design.

Unit 4: Developing empirical equations using experimental data. Developing predictive model
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using Neural network.

Unit 5: Optimization of processing parameters using Genetic algorithms. Application of Fuzzy
logic to sensory evaluation and ranking of foods.

References

1. Dominic, F. 2012. Recent Advances in Sustainable Process Design and Optimization.
World Scientific Publishing.

2. Das, H. 2005. Food Processing Operations Analysis. Asian Book Publications, New
Delhi.

3. Soojin J. and J. Irudayaraj. 2008. Food Processing Operations Modeling: Design and
Analysis. CRC Press, New York.

| 3AG201B | Food Safety and Quality Assurance | 3L:0T:0P | 3Credits |

Teaching Scheme
Lectures: 3 hours/week
Objective of Course:

e Atthe end of this course, students will be able to

e To acquaint with food quality parameters and control systems, food standards,

regulations, specifications

Course Outcome:
1. Understand the principles, regulations, and standards governing food safety and quality
assurance, including Hazard Analysis and Critical Control Points (HACCP), Good
Manufacturing Practices (GMP), and relevant national and international food safety standards.
2. Gain knowledge of the various factors affecting food safety and quality throughout the food
production chain, including raw material sourcing, processing, packaging, storage, distribution,
and retailing, and learn to implement effective control measures to prevent hazards and ensure
product integrity.
3. Develop practical skills in conducting risk assessments, implementing quality management
systems, conducting audits and inspections, managing food safety incidents and recalls, and
maintaining documentation and records to comply with regulatory requirements and industry
standards while meeting consumer expectations for safe and high-quality food products.

Syllabus Contents:
Unit-1I
Concept of quality: Quality attributes- physical, chemical, nutritional, microbial, and sensory;
their measurement and evaluation; Sensory vis-a-vis instrumental methods for testing quality.
Unit-11
Concepts of quality management: Objectives, importance and functions of quality control;
Quality management systems in India; Sampling procedures and plans; Food Safety and
Standards Act, 2006; Domestic regulations; Global Food safety Initiative; Various organizations
dealing with inspection, traceability and authentication, certification and quality assurance (PFA,
FPO, MMPO, MPO, AGMARK, BIS); Labeling issues; International scenario, international food
standards.
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Unit-111
Quality assurance, Total Quality Management; GMP/GHP; GLP, GAP; Sanitary and hygienic
practices; HACCP; Quality manuals, documentation and audits; Indian & International quality
systems and standards like ISO and Food Codex; Export import policy, export documentation;
Laboratory quality procedures and assessment of laboratory performance; Applications in
different food industries; Food adulteration and food safety. IPR and Patent
References :
1. Amerine MA, Pangborn RM & Rosslos EB. 1965. Principles of Sensory Evaluation of
Food. Academic Press.
2. Early R.1995.Guide to Quality Management Systems for Food Industries. Blackie
Academic.

3. Furia TE.1980. Regulatory Status of Direct Food Additives. CRC Press.

4. Jellinek G. 1985. Sensory Evaluation of Food - Theory and Practice. Ellis Horwoood.

5. Krammer A & Twigg BA.1973. Quality Control in Food Industry. Vol. I, Il. AVI Publ.

6. Macrae R, Roloson R & Sadlu MJ. 1994. Encyclopedia of Food Science & Technology &
Nutrition. Vol. XVI. Academic Press.

7. Piggot J.R. 1984. Sensory Evaluation of Foods. Elbview Applied Science.

8. Ranganna S. 2001. Handbook of Analysis and Quality Control for Fruit and Vegetable
Products. 2nd Ed. Tata-McGraw-Hill. Export/Import policy by Govt. of India.

3AG201C | Milk and Milk Products Technology | 3L:0T:0P | 3Credits

Teaching Scheme

Lectures: 3 hours/week

Course Objectives

To acquaint with techniques and technologies of testing and processing of milk into various

products and by products.

Course Outcome:

1. Understand milk processing technologies for various dairy products.

2. Learn quality control measures to ensure product safety and consistency.

3. Develop practical skills in operating processing equipment and ensuring hygiene standards.
Syllabus Contents

Unit 1: Present status of milk & milk products in India and Abroad; market of milk, composition
of milk of various species, quality evaluation and testing of milk, procurement, transportation
and processing of market milk, cleaning & sanitization of dairy equipments. Special milks such
as flavoured, sterilized, recombined & reconstituted toned & double toned.

Unit 2: Condensed milk- definition, methods of manufacture, evaluation of condensed &
evaporated milk; dried milk- methods of manufacture of skim & whole milk powder,
instantiation, physiochemical properties, evaluation, defects in dried milk powder.

Unit 3: Cream: Definition, classification, composition, cream separation, sampling,
neutralization, sterilization, pasteurization & cooling of cream, evaluation, defects in cream;
butter- definition, composition, classification, methods of manufacture, theories of churning,
evaluation, defects in butter.
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Unit 4: Ice cream: Definition, composition and standards, nutritive value, classification,
methods of manufacture, evaluation, defects in ice cream and technology aspects of softy
manufacture.

Unit 5: Cheese: Definition, composition, classification, methods of manufacture, cheddar,
Gouda, cottage and processed cheese, evaluation, defects in cheese. Indigenous milk products,
present status, method of manufacture of yoghurt, dahi, khoa, burfi, kalakand, gulabjamun,
rosogolla, srikhand,chhana, paneer, ghee, lassi etc; probiotic milk products.

References

1. Aneja, R.P.,, Mathur, B.N., Chandan, R.C. and Banerjee, A.K. 2002. Technology
of Indian Milk Products. Dairy India Publ.

2. De, S. 1980. Outlines of Dairy Technology. Oxford Univ. Press. Henderson, J.L.
1971. Fluid Milk Industry. AVI Publ.

3. Spreer, E. 1993. Milk and Dairy Products. Marcel Dekker. Walstra, P. 1999. Dairy
Technology. Marcel Dekker.

4. Walstra, P. (Ed.). 2006. Dairy Science and Technology. 2nd Ed. Taylor & Francis.
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AUDIT COURSES

3AG106A | English for Research Paper Writing | 2L:0T:0P | 2 Credits

Teaching Scheme

Lectures: 2 hours/week

Course Objectives

Students will be able to:

Understand that how to improve your writing skills and level of readability
Learn about what to write in each section

Understand the skills needed when writing a Title

Ensure the good quality of paper at very first-time submission

Course Outcomes

e Acquire skills in effectively communicating research findings to academic audiences

through written communication

e Gain a deeper understanding of academic conventions and ethical considerations in

research writing.
e Fosters critical thinking skills and draw conclusions based on evidence.

Syllabus Contents

Unit 1: Planning and Preparation, Word Order, Breaking up long sentences, Structuring
Paragraphs and Sentences, Being Concise and Removing Redundancy, Avoiding Ambiguity
and Vagueness

Unit 2:  Clarifying Who Did What, Highlighting Your Findings, Hedging and Criticising,
Paraphrasing and Plagiarism, Sections of a Paper, Abstracts.Introduction

Unit 3: Review of the Literature, Methods, Results, Discussion, Conclusions, The Final
Check.

Unit 4: Key skills are needed when writing a Title, key skills are needed when writing an
Abstract, key skills are needed when writing an Introduction, skills needed when writing a
Review of the Literature.

Unit 5:  Skills are needed when writing the Methods, skills needed when writing the Results,
skills are needed when writing the Discussion, skills are needed when writing the Conclusions

Suggested Readings

1. Goldbort R (2006) Writing for Science, Yale University Press (available on Google Books)

2. Day R (2006) How to Write and Publish a Scientific Paper, Cambridge University Press

3. Highman N (1998), Handbook of Writing for the Mathematical Sciences, SIAM.

Highman’s book.

4. Adrian Wallwork , English for Writing Research Papers, Springer New York Dordrecht

Heidelberg London, 2011.

3AG106B Disaster Management 2L:0T:0P 2 Credits

Teaching Scheme
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Lectures: 2 hours/week
Course Objectives
Students will be able to:

e Learn to demonstrate a critical understanding of key concepts in disaster risk reduction
and humanitarian response.

e Critically evaluate disaster risk reduction and humanitarian response policy and practice
from multiple perspectives.

e Critically understand the strengths and weaknesses of disaster management approaches,
planning and programming in different countries, particularly their home country or the
countries they work in.

Course Outcomes

e Develop an understanding of standards of humanitarian response and practical relevance
in specific types of disasters and conflict situations.

e Learn how to utilize technological tools and information systems for disaster
management.

e Gain an understanding of international frameworks and mechanisms for disaster response
and humanitarian assistance.

Syllabus Contents
Unit 1. Introduction Disaster: Definition, Factors and significance; Difference between
hazard and disaster; Natural and manmade disasters: Difference, Nature, Types and
magnitude.
Unit 2: Repercussions of Disasters and Hazards: Economic damage, Loss of human and
animal life, Destruction of Ecosystem.
Natural Disasters: Earthquakes, Volcanisms, Cyclones, Tsunamis, Floods, Droughts and
famines, Landslides and avalanches, Man-made disaster: Nuclear reactor meltdown, Industrial
accidents, Oil slicks and spills, Outbreaks of disease and epidemics, War and conflicts.
Unit 3: Disaster Prone Areas in India Study of seismic zones; Areas prone to floods and
droughts, Landslides and avalanches; Areas prone to cyclonic and coastal hazards with special
reference to tsunami; Post-disaster diseases and epidemics
Unit 4: Disaster Preparedness and Management Preparedness: Monitoring of phenomena
triggering a disaster or hazard; Evaluation of risk: Application of remote sensing, Data from
meteorological and other agencies, Media reports: Governmental and community
preparedness.
Unit 5: Risk Assessment Disaster risk: Concept and elements, Disaster risk reduction,
Global and national disaster risk situation. Techniques of risk assessment, Global Co-
operation in risk assessment and warning, People’s participation in risk assessment.
Strategies for survival.
Suggested Readings

1. R. Nishith, Singh AK, “Disaster Management in India: Perspectives, issues and strategies”,

New Royal Book Company.
2. Sahni, Pardeep et al. (Eds.), ”Disaster Mitigation Experiences And Reflections”, Prentice
Hall of India, New Delhi.
3. Goel S. L. “Disaster Administration And Management Text And Case Studies”, Deep &
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Deep Publication Pvt. Ltd., New Delhi.

3AG106C Sanskrit for Technical Knowledge 2L:0T:0P 2 Credits

Teaching Scheme
Lectures: 2 hours/week
Course Objectives
e To get a working knowledge in illustrious Sanskrit, the scientific language in the world
e Learning of Sanskrit to improve brain functioning
e Learning of Sanskrit to develop the logic in mathematics, science & other subjects
enhancing the memory power
Course Outcomes
Students will be able to
e Understanding basic Sanskrit language
e Ancient Sanskrit literature about science & technology can be understood
e Being a logical language will help to develop logic in students

Syllabus Contents
Unit 1: Alphabets in Sanskrit,

Unit 2: Past/Present/Future Tense, Simple Sentences

Unit 3: Order. Introduction of roots

Unit 4: Technical information about Sanskrit Literature

Unit 5: Technical concepts of Engineering- Electrical, Mechanical, Architecture,
Mathematics
Suggested Readings
1. “Abhyaspustakam” — Dr.Vishwas, Samskrita-Bharti Publication, New Delhi
2. “Teach Yourself Sanskrit” Prathama Deeksha-Vempati Kutumbshastri, Rashtriya Sanskrit
Sansthanam, New Delhi Publication
3. “India’s Glorious Scientific Tradition” Suresh Soni, Ocean books (P) Ltd., New Delhi

3AG106D Constitution of India | 2L:0T:0P | 2Credits

Teaching Scheme
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Lectures: 2 hours/week

Course Objectives
Students will be able to

Understand the premises informing the twin themes of liberty and freedom from a civil
rights perspective.

To address the growth of Indian opinion regarding modern Indian intellectuals’
constitutional role and entitlement to civil and economic rights as well as the emergence of
nationhood in the early years of Indian nationalism.

To address the role of socialism in India after the commencement of the Bolshevik
Revolution in 1917 and its impact on the initial drafting of the Indian Constitution.

Course Outcomes
Students will be able to

Discuss the growth of the demand for civil rights in India for the bulk of Indians
before the arrival of Gandhi in Indian politics.

Discuss the intellectual origins of the framework of argument that informed the
conceptualization of social reforms leading to revolution in India.

Discuss the circumstances surrounding the foundation of the Congress Socialist Party
[CSP] under the leadership of Jawaharlal Nehru and the eventual failure of the
proposal of direct elections through adult suffrage in the Indian Constitution.

Discuss the passage of the Hindu Code Bill of 1956.

Syllabus Contents
Unit 1: History of Making of the Indian Constitution: History, Drafting Committee
(Composition & Working)

Unit 2: Philosophy of the Indian Constitution: Preamble, Salient Features

Unit 3: Contours of Constitutional Rights & Duties:

Fundamental Rights

Right to Equality

Right to Freedom

Right against Exploitation

Right to Freedom of Religion
Cultural and Educational Rights
Right to Constitutional Remedies
Directive Principles of State Policy
Fundamental Duties.

Unit 4: Organs of Governance:

Parliament
Composition
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Qualifications and Disqualifications

Powers and Functions

Executive

President

Governor

Council of Ministers

Judiciary, Appointment and Transfer of Judges, Qualifications
Powers and Functions

Unit 5: Local Administration:

District’s Administration head: Role and Importance,

Municipalities: Introduction, Mayor and role of Elected Representative
CEO of Municipal Corporation.

Pachayati raj: Introduction, PRI: Zila Pachayat.

Elected officials and their roles, CEO Zila Pachayat: Position and role.
Block level: Organizational Hierarchy (Different departments),
Village level: Role of Elected and Appointed officials.

Importance of grass root democracy

Suggested Readings

1. The Constitution of India, 1950 (Bare Act), Government Publication.
2. Dr. S. N. Busi, Dr. B. R. Ambedkar framing of Indian Constitution, 1st Edition, 2015.
3. M. P. Jain, Indian Constitution Law, 7th Edn., Lexis Nexis, 2014.
4. D.D. Basu, Introduction to the Constitution of India, Lexis Nexis, 2015.
3AG155A Pedagogy Studies 2L:0T:0P 2 Credits

Teaching Scheme
Lectures: 2 hours/week
Course Objectives
Students will be able to
Review existing evidence on the review topic to inform programme design and policy

making undertaken by the DfID, other agencies and researchers.
Identify critical evidence gaps to guide the development.

To promote reflective practice and ongoing professional development among educators.
Course Outcomes

Students will be able to understand:
What pedagogical practices are being used by teachers in formal and informal

classrooms in developing countries?

What is the evidence on the effectiveness of these pedagogical practices, in what

conditions, and with what population of learners?

How can teacher education (curriculum and practicum) and the school curriculum and

guidance materials best support effective pedagogy?
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Syllabus Contents
Unit 1: Introduction and Methodology:
e Aims and rationale, Policy background, Conceptual framework and terminology
e Theories of learning, Curriculum, Teacher education.
e Conceptual framework, Research questions.
e Overview of methodology and Searching.
Unit 2: Thematic overview:
e Pedagogical practices are being used by teachers in formal and informal
classrooms in developing countries.
e Curriculum, Teacher education.
Unit 3: Evidence on the effectiveness of pedagogical practices
e Methodology for the in depth stage: quality assessment of included studies.
e How can teacher education (curriculum and practicum) and the school
curriculum and guidance materials best support effective pedagogy?
e Theory of change.
e Strength and nature of the body of evidence for effective pedagogical practices.
e Pedagogic theory and pedagogical approaches.
e Teachers’ attitudes and beliefs and Pedagogic strategies.
Unit 4: Professional development: alignment with classroom practices and follow up
support
e Peer support
e Support from the head teacher and the community.
e Curriculum and assessment
e Barriers to learning: limited resources and large class sizes
Unit 5: Research gaps and future directions
e Research design
e Contexts
e Pedagogy
e Teacher education
e Curriculum and assessment
e Dissemination and research impact.

Suggested Readings

1. Ackers J, Hardman F (2001) Classroom interaction in Kenyan primary schools,

Compare, 31 (2): 245-261.

2. Agrawal M (2004) Curricular reform in schools: The importance of evaluation, Journal

of Curriculum Studies, 36 (3): 361-379.

3. Akyeampong K (2003) Teacher training in Ghana - does it count? Multi-site teacher

education research project (MUSTER) country report 1. London: DFID.

4. Akyeampong K, Lussier K, Pryor J, Westbrook J (2013) Improving teaching and
learning of basic maths and reading in Africa: Does teacher preparation count?
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International Journal Educational Development, 33 (3): 272-282.

5. Alexander RJ (2001) Culture and pedagogy: International comparisons in primary
education. Oxford and Boston: Blackwell.

6. Chavan M (2003) Read India: A mass scale, rapid, ‘learning to read’ campaign.

7. www.pratham.org/images/resource%20working%20paper%202.pdf.

3AG155B Stress Management by Yoga 2L:0T:0P 2 Credits

Teaching Scheme
Lectures: 2 hours/week
Course Objectives
e To achieve overall health of body and mind
e To overcome stress
Course Outcomes
Students will be able to
e Develop healthy mind in a healthy body thus improving social health also
e Improve efficiency

Syllabus Contents
Unit 1: Definitions of Eight parts of yog. (Ashtanga)
Unit 2: Yam and Niyam. Do's and Don’t’s in life

Unit 3: Ahinsa, satya, astheya, bramhacharya and aparigraha, Shaucha, santosh, tapa,
swadhyay, ishwarpranidhan

Unit 4: Asan and Pranayam. Various yog poses and their benefits for mind & body
Unit 5: Regularization of breathing techniques and its effects-Types of pranayam

Suggested Readings
1. “Yogic Asanas for Group Tarining-Part-I” : Janardan Swami Yogabhyasi Mandal,
Nagpur
2. “Rajayoga or conquering the Internal Nature” by Swami Vivekananda, Advaita Ashrama
(Publication Department), Kolkata

3AG155C Value Education 2L:0T:0P 2 Credits
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Teaching Scheme
Lectures: 2 hours/week
Course Objectives
Students will be able to
e Understand value of education and self- development
e Imbibe good values in students
e Let the should know about the importance of character.
Course Outcomes
Students will be able to
e Knowledge of self-development
e Learn the importance of Human values
e Developing the overall personality

Syllabus Contents

Unit 1: Values and self-development —Social values and individual attitudes. Work ethics,
Indian vision of humanism. Moral and non- moral valuation. Standards and principles. Value
judgments

Unit 2: Importance of cultivation of values. Sense of duty. Devotion, Self-reliance.
Confidence, Concentration. Truthfulness, Cleanliness. Honesty, Humanity. Power of faith,
National unity. Patriotism. Love for nature, Discipline

Unit 3: Personality and Behavior Development - Soul and scientific attitude. Positive
thinking. Integrity and discipline. Punctuality, Love and kindness. Avoid fault Thinking. Free
from anger, Dignity of labour. Universal brotherhood and religious tolerance. True friendship.
Happiness Vs suffering, love for truth. Aware of self-destructive habits. Association and
Cooperation. Doing best for saving nature

Unit 4: Character and Competence — Holy books Vs Blind faith. Self-management and Good
health. Science of reincarnation. Equality, Nonviolence, Humility, Role of Women.

Unit 5: All religions and same message. Mind your Mind, Self-control. Honesty, Studying
effectively

Suggested Readings
Chakroborty, S.K. “Values and Ethics for organizations Theory and practice”, Oxford University
Press, New Delhi

3AG155D Personality Development Through Life 2L:0T:0P 2 Credits
Enlightenment Skills
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Teaching Scheme

Lectures: 2 hours/week

Course Objectives
e To learn to achieve the highest goal happily
e To become a person with stable mind, pleasing personality and determination
e To awaken wisdom in students

Course Outcomes
Students will be able to
e Study of Shrimad-Bhagwad-Geeta will help the student in developing his personality and
achieve the highest goal in life
e The person who has studied Geeta will lead the nation and mankind to peace and prosperity
e Study of Neetishatakam will help in developing versatile personality of students.

Syllabus Contents

Unit 1: Neetisatakam-Holistic development of personality
e Verses- 19,20,21,22 (wisdom)
e Verses- 29,31,32 (pride & heroism)
e Verses- 26,28,63,65 (virtue)
e \erses- 52,53,59 (dont’s)
e Verses-71,73,75,78 (do’s)

Unit 2: Approach to day to day work and duties.
e Shrimad Bhagwad Geeta : Chapter 2-Verses 41, 47,48,
e Chapter 3-Verses 13, 21, 27, 35, Chapter 6-Verses 5,13,17, 23, 35,
e Chapter 18-Verses 45, 46, 48.
[ ]
Unit 3: Statements of basic knowledge.
e Shrimad Bhagwad Geeta: Chapter 2-Verses 56, 62, 68
e Chapter 12 -Verses 13, 14, 15, 16,17, 18

Unit 4: Personality of Role model. Shrimad Bhagwad Geeta-I
o Chapter2-Verses 17,
e Chapter 3-Verses 36,37,42,

Unit 5: Personality of Role model. Shrimad Bhagwad Geeta-II

e Chapter 4-Verses 18, 38,39
e Chapterl8 — Verses 37, 38, 63
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Suggested Readings
1. “Srimad Bhagavad Gita” by Swami Swarupananda Advaita Ashram (Publication
Department), Kolkata
2. “Bhartrihari’s Three Satakam (Niti-sringar-vairagya)” by P.Gopinath, Rashtriya Sanskrit
Sansthanam, New Delhi.
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OPEN ELECTIVES

3AG202A Business Analytics 3L:0T:0P

Course Objectives
e Understand the role of business analytics within an organization.
e Analyze data using statistical and data mining techniques and understand relationships
between the underlying business processes of an organization.
e To gain an understanding of how managers use business analytics to formulate and solve
business problems and to support managerial decision making.
e Use decision-making tools/Operations research techniques.
Course Outcomes
e Students will demonstrate knowledge of data analytics.
e Students will demonstrate the ability of think critically in making decisions based on data
and deep analytics.
e Students will demonstrate the ability to use technical skills in predicative and prescriptive
modeling to support business decision-making.
Students will demonstrate the ability to translate data into clear, actionable insights

Syllabus Contents

Unit 1: Business analytics: Overview of Business analytics, Scope of Business analytics,
Business Analytics Process, Relationship of Business Analytics Process and organisation,
competitive advantages of Business Analytics.

Statistical Tools: Statistical Notation, Descriptive Statistical methods, Review of probability
distribution and data modelling, sampling and estimation methods overview.

Unit 2: Trendiness and Regression Analysis: Modelling Relationships and Trends in Data, simple
Linear Regression.

Important Resources, Business Analytics Personnel, Data and models for Business analytics,
problem solving, Visualizing and Exploring Data, Business Analytics Technology.

Unit 3: Organization Structures of Business analytics, Team management, Management Issues,
Designing Information Policy, Outsourcing, Ensuring Data Quality, Measuring contribution of
Business analytics, Managing Changes.

Descriptive Analytics, predictive analytics, predicative Modelling, Predictive analytics analysis,
Data Mining, Data Mining Methodologies, Prescriptive analytics and its step in the business
analytics Process, Prescriptive Modelling, nonlinear Optimization.

Unit 4: Forecasting Techniques: Qualitative and Judgmental Forecasting, Statistical Forecasting
Models, Forecasting Models for Stationary Time Series, Forecasting Models for Time Series with
a Linear Trend, Forecasting Time Series with Seasonality, Regression Forecasting with Casual
Variables, Selecting Appropriate Forecasting Models.

Monte Carlo Simulation and Risk Analysis: Monte Carle Simulation Using Analytic Solver
Platform, New-Product Development Model, Newsvendor Model, Overbooking Model, Cash
Budget Model.
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Unit 5: Decision Analysis: Formulating Decision Problems, Decision Strategies with the without
Outcome Probabilities, Decision Trees, The Value of Information, Utility and Decision Making.

References
1.  Business analytics Principles, Concepts, and Applications by Marc J. Schniederjans, Dara
G. Schniederjans, Christopher M. Starkey, Pearson FT Press.
2. Business Analytics by James Evans, Pearson Education

3AG202B Industrial Safety 3L:0T:0P 3 Credits

Teaching Scheme
Lectures: 3 hours/week
Course Objectives
e To prevent occupational accidents and injuries in the workplace.
e Aims to promote the health and well-being of workers by minimizing exposure to
hazardous substances and environments.
e Fostering a culture of continuous improvement and risk management within
organizations.
Course Outcomes
e Reduction of workplace accidents and injuries
e Demonstrate employers' concern for their workers' welfare, leading to increased loyalty,
trust, and job satisfaction.
e Instills knowledge about cost savings and improved productivity for organizations

Syllabus Contents

Unit-1: Industrial safety: Accident, causes, types, results and control, mechanical and electrical
hazards, types, causes and preventive steps/procedure, describe salient points of factories act
1948 for health and safety, wash rooms, drinking water layouts, light, cleanliness, fire, guarding,
pressure vessels, etc, Safety color codes. Fire prevention and firefighting, equipment and
methods.

Unit-11: Fundamentals of maintenance engineering: Definition and aim of maintenance
engineering, Primary and secondary functions and responsibility of maintenance department,
Types of maintenance, Types and applications of tools used for maintenance, Maintenance cost
& its relation with replacement economy, Service life of equipment.

Unit-111: Wear and Corrosion and their prevention: Wear- types, causes, effects, wear reduction
methods, lubricants-types and applications, Lubrication methods, general sketch, working and
applications, i. Screw down grease cup, ii. Pressure grease gun, iii. Splash lubrication, iv. Gravity
lubrication, v. Wick feed lubrication vi. Side feed lubrication, vii. Ring lubrication, Definition,
principle and factors affecting the corrosion. Types of corrosion, corrosion prevention methods.
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Unit-1V: Fault tracing: Fault tracing-concept and importance, decision tree concept, need and
applications, sequence of fault finding activities, show as decision tree, draw decision tree for
problems in machine tools, hydraulic, pneumatic, automotive, thermal and electrical equipment’s
like, 1. Any one machine tool, ii. Pump iii. Air compressor, iv. Internal combustion engine, v.
Boiler, vi. Electrical motors, Types of faults in machine tools and their general causes.

Unit-V: Periodic and preventive maintenance: Periodic inspection-concept and need, degreasing,
cleaning and repairing schemes, overhauling of mechanical components, overhauling of
electrical motor, common troubles and remedies of electric motor, repair complexities and its
use, definition, need, steps and advantages of preventive maintenance. Steps/procedure for
periodic and preventive maintenance of: I. Machine tools, ii. Pumps, iii. Air compressors, iv.
Diesel generating (DG) sets, Program and schedule of preventive maintenance of mechanical and
electrical equipment, advantages of preventive maintenance. Repair cycle concept and
importance.

References
1. Maintenance Engineering Handbook, Higgins & Morrow, Da Information Services.
2. Maintenance Engineering, H. P. Garg, S. Chand and Company.
3. Pump-hydraulic Compressors, Audels, McGraw Hill Publication.
4. Foundation Engineering Handbook, Winterkorn, Hans, Chapman & Hall London.

3AG202C | Operations Research | 3L:0T:0P 3 Credits

Teaching Scheme
Lectures: 3 hours/week
Course Objectives
e To optimize decision-making processes.
e Aims to support decision-making under uncertainty by analyzing and evaluating
alternative courses of action.
e Developing mathematical models and computational simulations to represent complex
systems, processes, and interactions.
Course Outcomes
At the end of this course, students will be able to
o Apply the dynamic programming to solve problems of discreet and continuous variables.
e Apply the concept of non-linear programming.
e Carry out sensitivity analysis.
e Model the real world problem and simulate it.

Syllabus Contents

Unit 1: Optimization Techniques, Model Formulation, models, General L.R Formulation,
Simplex Techniques, Sensitivity Analysis, Inventory Control Models
Unit 2: Formulation of a LPP - Graphical solution revised simplex method - duality theory - dual
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simplex method - sensitivity analysis - parametric programming

Unit 3: Nonlinear programming problem - Kuhn-Tucker conditions min cost flow problem -
max flow problem - CPM/PERT

Unit 4: Scheduling and sequencing - single server and multiple server models - deterministic
inventory models - Probabilistic inventory control models - Geometric Programming.

Unit 5: Competitive Models, Single and Multi-channel Problems, Sequencing Models, Dynamic
Programming, Flow in Networks, Elementary Graph Theory, Game Theory Simulation.

References
1. H.A. Taha, Operations Research, An Introduction, PHI, 2008
H.M. Wagner, Principles of Operations Research, PHI, Delhi, 1982.
J.C. Pant, Introduction to Optimisation: Operations Research, Jain Brothers, Delhi, 2008
Hitler Libermann Operations Research: McGraw Hill Pub., 2009
Pannerselvam, Operations Research: Prentice Hall of India, 2010
Harvey M Wagner, Principles of Operations Research: Prentice Hall of India, 2010

oM wN

3AG202D Cost Management of Engineering Projects 3L:0T:0P 3 Credits

Teaching Scheme
Lectures: 3 hours/week
Course Objectives
e Estimate the costs associated with completing the engineering project and develop a
comprehensive budget.
e Aims to control and monitor project expenses to ensure that they remain within the
approved budget.
e To optimize project costs while maximizing value and quality.
Course Outcomes
e Ensuring that the project is completed within the allocated budget.
e Helps understanding organizations maintain control over project finances and progress by
establishing mechanisms for monitoring and controlling costs in real-time.
e Enhances knowledge of the financial performance and profitability of engineering
projects and organizations.

Syllabus Contents:

Unit 1: Introduction and Overview of the Strategic Cost Management Process, Cost concepts in
decision-making; Relevant cost, Differential cost, Incremental cost and Opportunity cost.
Obijectives of a Costing System

Unit 2: Inventory valuation; Creation of a Database for operational control; Provision of data for
Decision-Making. Project: meaning, Different types, why to manage, cost overruns centres,
various stages of project execution: conception to commissioning. Project execution as
conglomeration of technical and nontechnical activities.
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Unit 3:. Detailed Engineering activities. Pre project execution main clearances and documents
Project team: Role of each member. Importance Project site: Data required with significance.
Project contracts. Types and contents. Project execution Project cost control. Bar charts and
Network diagram. Project commissioning: mechanical and process

Unit 4: Cost Behavior and Profit Planning Marginal Costing; Distinction between Marginal
Costing and Absorption Costing; Break-even Analysis, Cost-Volume-Profit Analysis. Various
decision-making problems. Standard Costing and Variance Analysis. Pricing strategies: Pareto
Analysis. Target costing, Life Cycle Costing. Costing of service sector. Just-in-time approach,
Material Requirement Planning, Enterprise Resource Planning, Total Quality Management and
Theory of constraints.

Unit 5: Budgetary Control; Flexible Budgets; Performance budgets; Zero-based budgets.
Measurement of Divisional profitability pricing decisions including transfer pricing.

Quantitative techniques for cost management, Linear Programming, PERT/CPM, Transportation
problems, Assignment problems, Simulation, Learning Curve Theory.

References
1. Cost Accounting A Managerial Emphasis, Prentice Hall of India, New Delhi
2. Charles T. Horngren and George Foster, Advanced Management Accounting
3. Robert S Kaplan Anthony A. Alkinson, Management & Cost Accounting
4. Ashish K. Bhattacharya, Principles & Practices of Cost Accounting A.H. Wheeler
publisher
5. N.D. Vohra, Quantitative Techniques in Management, Tata McGraw Hill Book Co. Ltd.

3AG202E \ Composite Materials 3L:0T:0P 3 Credits

Teaching Scheme
Lectures: 3 hours/week
Course Objectives
e Familiarize with the properties and behavior of composite materials.
e Aims to explore the wide range of applications of composite materials in engineering and
manufacturing.
e Equip with the knowledge and skills to design and analyze composite structures and
components.
Course Outcomes
e Gain a thorough understanding of composite materials, including their composition,
structure, properties, and behavior under various conditions.
e Equips with practical skills in fabricating composite materials using different techniques.
e Learn how to analyze and characterize the mechanical, thermal, electrical, and chemical
properties of composite materials using various testing methods and instrumentation.
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Syllabus Contents

Unit 1: Introduction: Definition — Classification and characteristics of Composite materials.
Advantages and application of composites. Functional requirements of reinforcement and matrix.
Effect of reinforcement (size, shape, distribution, volume fraction) on overall composite
performance.

Unit 2: Reinforcements: Preparation-layup, curing, properties and applications of glass fibers,
carbon fibers, Kevlar fibers and Boron fibers. Properties and applications of whiskers, particle
reinforcements. Mechanical Behavior of composites: Rule of mixtures, Inverse rule of mixtures.
Isostrain and Isostress conditions.

Unit 3: Manufacturing of Metal Matrix Composites: Casting — Solid State diffusion technique,
Cladding — Hot isostatic pressing. Properties and applications. Manufacturing of Ceramic Matrix
Composites: Liquid Metal Infiltration — Liquid phase sintering. Manufacturing of Carbon —
Carbon composites: Knitting, Braiding, Weaving. Properties and applications.

Unit 4: Manufacturing of Polymer Matrix Composites: Preparation of Moulding compounds and
prepregs — hand layup method — Autoclave method — Filament winding method — Compression
moulding — Reaction injection moulding. Properties and applications.

Unit 5: Strength: Laminar Failure Criteria-strength ratio, maximum stress criteria, maximum
strain criteria, interacting failure criteria, hygrothermal failure. Laminate first play failure-insight
strength; Laminate strength-ply discount truncated maximum strain criterion; strength design
using caplet plots; stress concentrations.

Text Books
1. Material Science and Technology — Vol 13 — Composites by R.W.Cahn — VCH, West
Germany.
2. Materials Science and Engineering, An introduction. WD Callister, Jr., Adapted by R.
Balasubramaniam, John Wiley & Sons, NY, Indian edition, 2007.
References
1. Hand Book of Composite Materials-ed-Lubin.
2. Composite Materials — K.K.Chawla.
3. Composite Materials Science and Applications — Deborah D.L. Chung.
4. Composite Materials Design and Applications — Danial Gay, Suong V. Hoa, and Stephen
W. Tasi.

3AG202F Waste to Energy 3L:0T:0P 3 Credits

Teaching Scheme
Lectures: 3 hours/week
Course Objectives
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e Aims to reduce the amount of waste sent to landfill sites, thereby mitigating
environmental pollution and greenhouse gas emissions associated with landfilling.

e Contribute to the production of renewable energy, helping to diversify the energy mix
and enhance energy security.

e Encompasses environmental, economic, and social benefits, aiming to address the
challenges of waste management, resource depletion, and climate change.

Course Outcomes

e Gain an understanding of waste management principles, including waste characterization,
collection, separation, and disposal methods.

e Develop technical skills in designing and operating waste-to-energy systems.

e Gain insight into the economic and policy aspects of waste-to-energy implementation,
including project financing, cost-benefit analysis, revenue streams, and government
incentives.

Syllabus Contents
Unit 1: Introduction to Energy from Waste: Classification of waste as fuel — Agro based, Forest
residue, Industrial waste - MSW — Conversion devices — Incinerators, gasifiers, digestors.

Unit 2: Biomass Pyrolysis: Pyrolysis — Types, slow fast — Manufacture of charcoal — Methods —
Yields and application — Manufacture of pyrolytic oils and gases, yields and applications.

Unit 3: Biomass Gasification: Gasifiers — Fixed bed system — Downdraft and updraft gasifiers —
Fluidized bed gasifiers — Design, construction and operation — Gasifier burner arrangement for
thermal heating — Gasifier engine arrangement and electrical power — Equilibrium and kinetic
consideration in gasifier operation.

Unit 4: Biomass Combustion: Biomass stoves — Improved chullahs, types, some exotic designs,
Fixed bed combustors, Types, inclined grate combustors, Fluidized bed combustors, Design,
construction and operation - Operation of all the above biomass combustors.- Design and
constructional features - Biomass resources and their classification - Biomass

Unit 5: Biogas: Properties of biogas (Calorific value and composition) - Biogas plant technology
and status - Bio energy system conversion processes - Thermo chemical conversion - Direct
combustion - biomass gasification - pyrolysis and liquefaction - biochemical conversion -
anaerobic digestion — Types of biogas Plants — Applications - Alcohol production from biomass -
Bio diesel production - Urban waste to energy conversion - Biomass energy programme in India.

References
1. Non Conventional Energy, Desai, Ashok V., Wiley Eastern Ltd., 1990.
2. Biogas Technology - A Practical Hand Book - Khandelwal, K. C. and Mahdi, S. S., Vol. |
& |1, Tata McGraw Hill Publishing Co. Ltd., 1983.
3. Food, Feed and Fuel from Biomass, Challal, D. S., IBH Publishing Co. Pvt. Ltd., 1991.
4. Biomass Conversion and Technology, C. Y. WereKo-Brobby and E. B. Hagan, John Wiley
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& Sons, 1996.

55



