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SCHEME OF COURSES — M.TECH. (Biochemical Engineering)

PREAMBLE
. INTRODUCTION

Higher education is very important for the growth and development of any countrg.a It i

living organ and requires continuous changes to ensure the quality of education. National
Knowledge Commission and University Grants Commission have recommended many
academic reforms to address the chalkdplenges
are coming together with the help of new technologies which is resulting towards new
aspirations, expectations, collaborations an
may not be relevant and significant anymore. The UGC guidelineglaptian of Choice

Based Credit System may be an important step to revamp the processes, systems and
methodologies of Higher Educational Institutions (HEIs). The teacher centric mode be
changed to learner centric mode. Class room teaching and learnimgdee effective;
relevant and interesting. Concepts and theories be explained with examples, experimentation
and related applications.

A culture of discussions, arguments, interpretations, couminpretations, re
interpretations, opposing interpretats must be established. Research should not only be
confined to redefinition, extension and incremental change. Innovation & creativity should
become an epicentre for all research initiatives. The most important capital is the human
capital and thughe ultimate objective is to develop good human beings with utmost integrity

& professionalism for this new world.

The Choice Based Credit System supports the grading system which is considered to be
better than conventional marks system. It is followednany reputed institutions in India

and abroad. The uniform grading system facilitates student mobility across the institutions
within and across the countries and also enable potential employers to assess the performance
of the students. The Choice RasCredit System makes the curriculum interdisciplinary and
bridge the gap between professional and liberal education.

Program Educational Objectives (PEO) of the programme are as follows:

The Bio chemical engineering Program are equipped with problemgoteamwork, and
communication skills that will serve them throughout their careers consistent with the following
Educational Objectives Research programs in Biochemical Engineering and related areas.

3 This M. Tech. Course has beessped irStanding Committee on Academic Matters,
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SCHEME OF COURSES — M.TECH. (Biochemical Engineering)

1 Attain careers as practicingiochemical engineersn fields such as pharmaceuticals,
microelectronics, chemicals, polymers/advanced materials, food processing, energy,
biotechnology, or environmental engineering;

I Attain advanced studies in disciplines suchBischemical Engineering, Environmental
Engineeing, Medicine, Law, or Business;

9 Assume professional leadership roles.

1 Foster a personalized, supportive environment for all students by taking advantage of the
unique combination of a small college atmosphere in a major research university;

9 Enrich the udergraduate experience through cultural diversity and international
opportunities or experiential learning;

1 Provide a solid foundation and understanding of the fundamental principles of mathematics,
science, and engineering;

1 Provide students with experienén learning and applying tools (e.g., computer skills) to
solve theoretical and opeandedBiochemical Egineering problems;

9 Provide students with opportunities to participate in multidisciplinary teams and to develop
and practice written and oral comnication skills, both within the team and to a broader
audience;

1 Provide students with opportunities to design and condiiothemical Hgineering
experiments and to design systems, components, and chemical processes to meet specific
needs and constraints;

1 Provide a contemporary grounding in professional responsibility, including ethics, the global
and societal impact of engineering decisions, and the need for lifelong learning.

CHOICE BASED CREDIT SYSTEM

The Indian Higher Education Institutions have been moving from the conventional annual
system o semester system. Currently many of the institutions have alrealy introduced the
chace based credit system. The semester system accel erates the teaching-leaning process
and enables vertical and horizontal mohility in leaning. The credit based semester system
provides flexibility in designing curriculum and assgning credits based on the course
content and hours of teaching. The chace based credit system provides a Gcafeteriad type
appoach in which the students can take courses of their chadce, lean at their own pace,
undergo additional courses and acquire more than the required credits, and adopt an
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SCHEME OF COURSES — M.TECH. (Biochemical Engineering)

interdisdplinary appoach to leaning. It is desirable that the HEIs move to CBCS and
implement the grading system.

A. Types of Courses

Courses are the subjects that compriseMhieech.programme.

1. A course may be designed to comprise lectures, tutorials, laboratory work, field work,
outreach activities, project work, vocational trainingva, seminars, term papes,
assgnments, presentations, self-study etc. or a combination of some of these
components

2.The learning objectives and learning outcomes of each course will be defined before
the start of a semester.

3. Courses areof two kinds: Core andElective.

i. Core Course (CC). Thisis acourse which is to be compulsoily studied by a
student as a core requirement to complete the requirement of M.Tech in
Biochemical Engineering.

ii. Elective Course: An elective course is a course which can be choserfrom a pool
of subjects.Itd sntended to supporthe disdpline of study by providing an
expanded scqe, erabling exposure to anotherdisdpline/domain andnurturinga
studentds proficiency/skill. An elective may be of following types:

a) Discipline Centric Elective (ED): It is an elective course thadds
proficiency to the students in the discipline

b) Open Elective (EO):It is an elective courseken fromotherengineering
disaplines that broadens the perspective of an Engineering student

4. Each course contributes centecredits to the programmeé\ course can be offered

5

either as a full course (4 credits) or as a half course (2 credits). A full course is
conducted with 3 hours of lectures and either 1 hour of tutorial or 2 hours of practical
work per week. A half couesis conducted with 2 hours of lectures.

A student of Pogiraduate prgramme has to accumulate abo0G&# credits from the
Core Courseand the remaining credits from the Elective Courses to become eligible for
the award of degreéiploma/ certificate praggmme

This M. Tech. Course has beessped irStanding Committee on Academic Matters,
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SCHEME OF COURSES — M.TECH. (Biochemical Engineering)

6. A course (full/half) may also be designed without lectures or tutorials. However, such
courses may comprise Field work, Outreach activities, Project work, Vocational Training,
Seminars, Selétudy etc. or a combination of some of these.

7. A Projectwork/Dissertation is considered as a special course involving application of the
knowledge gained during the course of study in exploring, analyzing and solving
complex problems in real life applications. A candidate completes such a course on his
own with an advisory support by a teacher/faculty member.

B. Examination and Assssment

The following system will be implemented in awarding grades and CGPA under the
CBCSsystem.

1. Letter Grades and Grade Points: A 10-pointgradingsystem shall be useavith the
letter grades as given in Table 1 below

Tablel: Grades and Grade Points
Letter Grade Grade point
O (Outstanding) 10
A+ (Excellent)
A (Very Goaod)
B+ (Good)
B (Above average)
C (Average)
P (Pass)
F (Fail)
Ab (absent)

OO~ U0 N|00|©

2. Fail grade: A student obtaining Grade F shell be considered failed and will be
required to reappear in the examination. If the student does not want to reappear in an
elective subject (that is ED, EO but not CC courses) then he/she-camster afresh
for a new electivesubject.

3. Non-credit course: For non credit courses, (Batisfactoryd or i Wsatisfactory6 shall
be indicated instead of the letter grade and this will not be counted for the

6 This M. Tech. Course has beessped irStanding Committee on Academic Matters,
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SCHEME OF COURSES — M.TECH. (Biochemical Engineering)

computation of SGPA/CGPA. However, a student must get satisfactory to get the

degree

. Fairness in AssessmentThe CBCS promotes continuous evaluation system where

end semester examinations glgiage should not be more tha®%.  The

Departments should design their own methods for continuous evaluation. They have
the flexibility and freedm in designing the examination and evaluation methods that
best fits the curriculum, syllabi & teaching, learning methods.

checks and balances be implemented which would enladlBepartmentdo carry
out the process of assessmertt araminatioreffectively and fairly

. Computation of SGPA and CGPA: The following procedure shall be used to
compute the Semester Grade Point Average (SGPA) and Cumulative Grade Point
Average (CGPA):

i. The SGPA istheratio of sum of the product of the number of credits andthe
grade points scoked in al the courses of a semestetp the sum of the rumber
of credits of all the courses takenby a student,that is:

LG XG

%G

Where S is the " semesterC; is the number of credits of the j™ course of that

semesteand G; is the grade point scoed by the student in thej™ course.

ii. The CGPA isalso calculated in the same manner takingin to account al the

courses taken bya student over al the semesters of a programme, that is:
2.C, X SGPA(S)

2G
Where SPGA G isthe SGPA of the iy, semester and C; is the total number of
credits in that semester.
iii. TheSGPA and CGPA shall be rounded ff to 2 decimal points andreported in
the transciipts.
iv. CGPA shall be converted into percentage of marks, if requigenhultiplying
CGPA with 10.

SGPA(S,) =

CGPA =
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SCHEME OF COURSES — M.TECH. (Biochemical Engineering)

PROGRAMME STRUCTURE

1. The M.Tech. Biochemical Engineeringprogramme spans 4 semesters, normally
completed in 3ears.

2. The courses offered in each semester are given in Stmesterwise Course
Allocation.

3. The discipline centric subjects der QC and ED categoriegrelisted for each discipline
separately.

4. A course may have pmequisite courses that are given in tBemesterwise Course
Allocation. A student can opt for an elective only if he/she has fulfilled its pre
requisites

5. A student has to register for all electives before the start of a semester

COURSE CODIFICATION

The codes for variouBosgraduateProgramme are as follows:

i.  Department of Eectronics and Communication Engineering
1. Signal ProcessirRgCSP
2. Embedded Systm and VLSIECES

ii.  Departnent of Computer Engineering:
1. Information SysterCOIS

iii.  Department of Instrumentat and Control Engineering:
1. Process ContraiCPC
2. Industrial Electronicd4CIE
3. MechatronicsslCMT

iv.  Department oBiotechnology:
1. Biochemical EngineeringBTBC
2. BioinformaticsBTBF

v. Manufacturing processesd Automation Engineering:
1. CAD CAM-MACD
2. Manufacturing process and Automation EngineeriMAMP
3. Production EngineerinylAPE
4. Engineering ManagemeiMAEM
5. NanotechnologyMANT

8 This M. Tech. Course has beessped irStanding Committee on Academic Matters,
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SCHEME OF COURSES — M.TECH. (Biochemical Engineering)

The codes foDepartmental core $jects and Domakspecific Electivesare specit to
each Discipline. The firstwo characters are derived frotast two letters from
Departmental codes listed above.

For I"'semester, the codes are:
BCCO1 CcC
BCC02 CcC
BCD** Elective
BCD** Elective
BCD** Elective
EO*** Open Elective

For I semester, the codes are:

BCCO03 CC

BCC04 CC

BCD** Elective
BCD** Elective
BCD** Elective

EO*** Open Elective

For 111" semester, the codes are:

BCD** Elective
BCD** Elective
BCD** Elective
BCCO05 Seminar
BCC06 Major Project

For IV semester, the codes are:
‘ BCCO7 ‘ Dissertation ‘

*Code as specified in the tablet®f discipline centric electives.
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SCHEME OF COURSES — M.TECH. (Biochemical Engineering)

EVALUATION SCHEME

The courses are evaluated on the basis of continuous assessmes&nester exanand end
semester exams. The weightage of each of these modes of evaluation for the different types of courses
are as follows.

Type of Course CA Mid End-semester Continuous End-semester
Semester | Exam (Theory) Assessment Exam (Lab)
Exam (Lab)
(Theory)
CC/ED/EO 25 25 50 Nil Nil
Theory withTutorial
CC/ED/EO 15 15 40 15 15
Theory with Practical
Major Project and Nil Nil Nil 40 60
Dissertation
Online Self Learning | 50 Nil 50 Nil Nil
Course

VI.

EVALUATION AND REVIEW COMMITTEE

The Committee of Courses afdudies in each department shall appoint one or more Evaluation
cumReview Committees (ERC), each committee dealing with one course or a group of courses. This
ERC consists of all faculty members who are likely to teach such courses in the group. Nbeadlly
of the department shall be ERC Chairman.

The ERC has the following functions

() To recommend appointment of paper setters/examiners of various examinations at the start
of each semester.

(i)  To prepare gquizzes, assignments, test papers etc. for Contingsassfent (CA), Mid
Semester examination (MS) and End Semester (ES) examination and to evaluate them.
Normally, each concerned faculty member, who is also a member of ERC, will do this job
for his/her class. However, in exceptional circumstances any pdheowork may be
entrusted to some other member of the ERC.

(i) To consider the individual representation of students about evaluation and take remedial
action if needed. After scrutinizing, ERC may alter the grades awarded upward/downward.
The decision of ta ERC shall be final.

10 This M. Tech. Course has beessped irStanding Committee on Academic Matters,
University of Delhi, held on June 3, 2016.

(nd—1 (o=



SCHEME OF COURSES — M.TECH. (Biochemical Engineering)

(iv)  To moderate assignments, quizzes etc. for courses given by each of the concerned faculty
members for his/her class with a view to maintain uniformity of standards.

(v) To review and moderate the MS and ES results of each course widwatoszimaintain
uniformity of standards.

(vi)  To lay guidelines for teaching a course.

VIl.  ATTENDANCE, PROMOTION AND DETENTION RULES

1. A student should normally attend all the classes. However, a student will be allowed to appear in the
examination if he/ she hagait in a minimum of 75% attendance separately in each course for which
he / she has registered. A relaxation up to a maximum of 25% may be given on the production of
satisfactory evidence that (a) the student was busy in authorized activities, (byldre stas ill.

2. A student should submit the evidence to the fact 1(a) and / or 1(b) above within seven working days
of resuming the studies. Certificates submitted later will not be considered.

No relaxation in attendance beyond 25% is permitted in any case
4. A student may reegister for a course if he/ she want to avoid a decrement in the grades.

There shall be no supplementary examinations. A student who has failed in a course will have to re
register for the course in a subsequent year.

6. If the student des not want to reappear in an elective course (that is, ED, EO, but not CC courses)
then he/she canegister afresh for a new elective course

VIII. DECLARATION OF RESULTS

1. The Mtech (BCE) programme consists of 82 credits. A student will be awarded the déwishe
has earned all 82 credits.

CGPA will be calculated on the basis of the best 78 credits earned by the student.

The candidate seeking-exaluation of a course shall apply for the same on a prescribddrpra
along with the evaluation fee prefed by the University from time to time only for the End
Semester Examination within seven days from the date of declaration of result.

4. The Institution/University may cancel the registration of all the courses in a given semester if
i. The student has neoteared the dues to the institution/hostel.
i. A puni shment is awarded | eading to cancell ati

IX.  CURRICULUM MODIFICATION

11 This M. Tech. Course has beessped irStanding Committee on Academic Matters,
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SCHEME OF COURSES — M.TECH. (Biochemical Engineering)

The curriculum will be updated regulasithin a period of 5 to 10 years since last revidmhkeep
pacewith the advancements in the fieldBibchemical Engineering

CENTRAL ADVISORY COMMITTEE

There shall be a Central Advisory Committee consisting of the follawing

a) Dean, Faculty of Technology, Chairman

b) Dean PGS

c) Head of Institution

d) Heads of Departmentsimning MTech Courses

12 This M. Tech. Course has beessped irStanding Committee on Academic Matters,
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SCHEME OF COURSES — M.TECH. (Biochemical Engineering)

PROGRAM OUTCOMES

a) Each studentwill have the ability to apply knowledge of mathematics, science and engineering
fundamentals.

b) Eachstudentwill have the ability to design and conduct experiments, and to analyze and interpret
experinental results.

c) Eachstudentwill have the ability to design systems, components, or processes to meet specified
objectives within realistic constraints such as economic, environmental, social, political, ethical,
health and safety, manufacturability, amgdtainability inBiochemical BEgineering.

d) Eachstudentwill have the ability to work as a member of multidisciplinary teams, and have an
understanding of team leadership.

13 This M. Tech. Course has beessped irStanding Committee on Academic Matters,
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SCHEME OF COURSES — M.TECH. (Biochemical Engineering)

SEMESTER-WISE COURSE ALLOCATION
FULL TIME

M.TECH. BIOCHEMICAL ENGINEERING (Full Time) SEMESTER |

CODE TYPE COURSEOF|L |T |P |C | EVALUATION SCHEME
STUDY Percentage (Weightage)
Theory Practical | Total
CA|MS |ES|Int | Ext
BCCO1 CcC Bioprocess 3 |02 (4 |15 |15 (40 |15 |15 |100
Principles and
Technology
BCC02 CC Enzyme 3 |0|2 (4 |15 |15 (40 |15 |15 |100
Technology
and
Applications
BCD** ED | Elective 3 /01(21(4 |- |- |- |- |- 100
BCD** ED | Elective 3 [11]0 14 [- |- |- |- |- 100
BCD** ED Elective 3 |02 (4 |- - - - - 100
EC** EO Open Elective |3 |1 |0 (4 |- - - - - 100
TOTAL $ 24
#. The LTP alloation evaluation scheme and Peguisites for electives are given in Tale$
The course code will depend upon student
$. The actual weekly load will depend upon the electives chosen by the student.
14 This M. Tech. Course has beessped irStanding Committee on Academic Matters,
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SCHEME OF COURSES — M.TECH. (Biochemical Engineering)

M.TECH. BIOCHEMICAL ENGINEER ING (Full Time) SEMESTER II

CODE TYPE COURSEOF | L T |P |C | EVALUATION SCHEME
STUDY Percentage (Weightage)
Theory Practical | Total
CA |MS |ES | Int | Ext
BCCO03 CC Bioprocess 3 |0 |2 (4 |15 |15 |40 |15 |15 |100
Analysis and
Reactor Design
BCC04 CcC Microbial 3 0 |2 |4 15 |15 |40 |15 |15 100
Biochemistry
BCD** ED | Electivé 3 (o214 [- [- [- [- |- 100
BCD** ED | Electivé 3 [1 (o4 [- [- [- [- |- 100
BCD** ED | Electivé 3 (o214 [- [- |- [- |- 100
EQ*** EO OpenElective |3 |1 [0 (4 |- - - - - 100
TOTAL $ 24

#. The LTP alloation evaluation scheme and Peguisites for electives are given in Take$
code wi
$. The actual weekly load will depend upon the electives chosen by the student.

The

cour se

depend

upon

student
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SCHEME OF COURSES — M.TECH. (Biochemical Engineering)

M.TECH. BIOCHEMICAL ENGINEERI NG (Full Time) SEMESTER III

CODE TYPE | COURSE L [T |P |C |EVALUATION SCHEME
OF STUDY Percentage (Weightage)
Theory Practical | Total
CA |MS |ES |Int | Ext
BCCO05 CC | Seminar 0|0 (4|2 |- - - 40 |60 |100
BCCO06 CC | Major Project|0 |0 |- |6 40 |60 |100
BCD** ED | Electivé 310 (2|4 |15 (15 |40 |15 |15 |100
BCD** ED | Electivé 3 /012 |4 [30 |20 |50 |- |- 100
BCD** ED | Electivé - |- |- |4 [50 |- |50 |- |- 100
TOTAL $ 20
#. The LTP allocation evaluation scheme andrecpiisites for electives are given in TalBe$
The course code will depend upon student
$. The actual weekly load will depend upon the electives chosen by the student.
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SCHEME OF COURSES — M.TECH. (Biochemical Engineering)

M.TECH. Biochemical Engineering(Full Time) SEMESTER IV

CODE TYPE COURSE OF T |P | C | EVALUATION SCHEME
STUDY Percentage (Weightage)
Theory Practical | Total
CA | MS |ES|Int | Ext
BCCO7 CcC Dissertation 0O (- |14 |- - - 40 |60 | 100
TOTAL - |- |14
17 This M. Tech. Course has beessped irStanding Committee on Academic Matters,
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SCHEME OF COURSES — M.TECH. (Biochemical Engineering)

SEMESTER-WISE COURSE ALLOCATION

PART-TIME

M.TECH. BIOCHEMICAL ENGINEERING (Part Time) SEMES TER |

CODE TYPE COURSEOF |L |T |P |C | EVALUATION SCHEME
STUDY Percentage (Weightage)
Theory Practical | Total
CA |MS | ES |Int | Ext
BCCO1 CcC Bioprocess 3 |0 |2 |4 |15 |15 |40 |15 |15 | 100
Principles and
Technology
BCC02 CcC Enzyme 3 /0|2 |4 |15 |15 |40 |15 |15 | 100
Technology and
Applications
EOQ*** EO Open Elective | - - |- 14 |- - - - - 100
TOTAL $ 12
$. The actual weekly load will depend upon the electives chosen by the student.
M.TECH. BIOCHEMICAL ENGINEERING (Part Time) SEMESTER I
CODE TYPE COURSE OF L |T |P |C | EVALUATION SCHEME
STUDY Percentage (Weightage)
Theory Practical | Total
CA |MS |ES |Int | Ext
BCC03 CC Bioprocess 3 |0 |2 |4 |15 |15 |40 |15 |15 |100
Analysis and
Reactor Design
BCC04 CcC Microbial 3 |0 |2 |4 |15 |15 |40 |15 |15 |100
Biochemistry
EO*** EO Open Elective - - |- 14 |- - - - - 100
TOTAL $ 12

$. The actual weekly load will depend upon the electives chosen by the student.

18
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SCHEME OF COURSES — M.TECH. (Biochemical Engineering)

M.TECH. BIOCHEMICAL ENGINEERING (Part Time) SEMESTER Il

CODE TYPE COURSEOF |L |T |P |C | EVALUATION SCHEME
STUDY Percentage (Weightage)
Theory Practical | Total
CA |MS |ES |Int | Ext
BCD** ED Elective 310 |24 |- |- - |- - 100
BCD** ED Electiveé’ 3 |1 |04 [- |- - |- - 100
BCD** ED Electivé 3 |0 |2 4 |- - - - - 100
TOTAL $ 12
#. The LTP albcation evaluation scheme and fequisites for electives are given in Table$ 3
The course code will depend upon student
$. The actual weekly load will depend upon the electives chosen by the student.
M.TECH. BIOCHEMICAL ENGINEE RING (Part Time) SEMESTER IV
CODE TYPE COURSEOF |L | T |P | C | EVALUATION SCHEME
STUDY Percentage (Weightage)
Theory Practical | Total
CA |MS |ES |Int | Ext
BCD** ED Elective’ 3 (0214 [- |- - |- - 100
BCD** ED Elective’ 3 (1]04 [- |- - |- - 100
BCD** ED Elective” 3 1012 |4 - - - - - 100
TOTAL $ 12
#. The LTP allocation evaluation scheme andregpiisites for electives are given in Table$ 3
The course code will depend upon student
$. The actual weekly load will depd upon the electives chosen by the student.
19 This M. Tech. Course has beessped irStanding Committee on Academic Matters,

University of Delhi, held on June 3, 2016.

(nd—1 (o=



SCHEME OF COURSES — M.TECH. (Biochemical Engineering)

M.TECH. BIOCHEMICAL ENGINEERING (Part Time) SEMESTER V

CODE TYPE COURSE OF L|T|P|C | EVALUATION SCHEME
STUDY Percentage (Weightage)

Theory Practical | Total

CA |MS |ES | Int | Ext
BCCO06 CcC Major Project O[O0 |- 1|6 |- - - 40 |60 |100
BCD** ED Elective’ 3|of2(4 |- |- - |- - 100
BCD** ED Elective 3|1(0(4 |- |- - - - 100

TOTAL $ 14
#. The LTP allocation evaluation scheme andregpiisites for electives are given in Table$ 3
The course codeiwl | depend upon studentés choice
$. The actual weekly load will depend upon the electives chosen by the student.
M.TECH. BIOCHEMICAL ENGINEERING (Part Time) SEMESTER VI
CODE COURSE OF L |T |P C EVALUATION SCHEME
STUDY Percentage (Weightag)
Theory Practical Total
CA MS | ES Int Ext
BCCO05 Seminar 0 |0 |4 2 50 - 50 - - 100
BCCO7 | Dissertation 0O (0 |- 14 |- - - 40 |60 100
BCD** | Electivé - |- |- |4 |50 |- 50 |- - 100
TOTAL - - - 20

# The LTP allocation evaluation scheme andfequisites for electives are given in Table$ :
The course code will depend upon studen
$. The actual weekly load will depend upon the electives chosen by the student.
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TABLE 3A: LIST OF DISCIPLINE CENTRIC ELECTIVES WITH PRACTICAL

LTP Allocation

Evaluation Scheme

L T P CA MS ES CA ES
3 0 2 15 15 40 15 15
CODE COURSE OF STUDY PREREQUISITE

BCD**

BCDO0O1 Introduction to Biochemical | None
Engineering

BCDO02 Thermodynamics of None
Biological System

BCDO03 Concepts in Modern Blogy’ | None

BCDO04 Food Science and Engineeri| None

BCDO05 Environmental Biotechnology None

BCDO06 Biomass processing & None
Bioenergy

BCDO7 Transport phenomena in BCE-501/ BCES503 (Intro to B. E.)
biological systems

BCDO08 Advance Genetic Engineerin| BCE-501/ BCE503 (Intro to B. E.)

BCDO09 Advance Biochemical BCE-501/ BCES503 (Intro to B. E.)
Engineering

BCD10 Animal and Plant Cell BCE-501, BCE502
Technology

BCD11 Modeling and Simulation in
Biochemical Engineering BCE-508, BCE502

BCD12 Biological Waste Treatment | BCE-505 (Env. BT)

BCD13 Advance Separation Procesy BCE-501, BCE507

BCD14 Bioprocess Plant Design BCE-501, BCE507

21 This M. Tech. Course has beessped irStanding Committee on Academic Matters,

University of Delhi, held on June 3, 2016.

(hoad=A

ggﬁvwﬂfw/




TABLE 3B: LIST OF DISCIPLINE CENTRIC ELECTIVES WITH TUTORIAL

LTP Allocation Evaluation Scheme
L T P CA MS ES CA ES
3 1 0 25 25 50 - -
CODE COURSE OF STUDY PREREQUISITE
BCD**
BCD31 Applied Biostatistics None

BCD32 Entrepreneurship, IPR and None
Biosafety

BCD33 Computational Biology None

BCD34 Computational Fluid Dynamicy BCE-502

BCD35 Metabolic Regulations and BCE-501/ BCE503
Engineering (Introto B. E.)
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TABLE 4: LIST OF OPEN ELECTIVES

LTP Allocation

Evaluation Scheme

L T CA MS ES Int Ext
3 1 0 25 25 50 - -
Code Name of Elective Pre-Requisites
EO***
EOC001 Technical Communication None
EO002 Disaster Management None
EO003 Basics of Finance Management None
EOC004 Basics of Human Resources None
Management
EO005 Project Management None
EO006 Basics of Corporate Law None
EO007 Biological computing None
EO008 Basic of social science None
EO009 Entrepreneurship None
EO010 Socialwork None
EO011 IP and Patenting None
EO012 Supply Chain Management None
Planningand logistics
EO013 Organization Development None
EO014 Industrial Organisation and None
Managerial Economics
EO015 Global Strategy and Technology None
EO016 Engineering System Analysis an None
Design
EO017 Biology for Engineers None
EO018 Energy, Environment and Societ None
EO019 Public Policy and Governance None
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M. TECH. (BIOCHEMICAL ENGINEERING)

SYLLABUS FOR CORE COURSES

Course No Title of the Course | Course Structure Pre-Requisite
BCCO1 BIOPROCESS 3L-0T-2P None
PRINCIPLES AND
TECHNOLOGY

COURSE OUTCOMES (CO)

After completion of the course the students will acquire:

1. an understanding of fundamental conceyptd principles of bioprocess systems

2. knowledge of industrially important microbes, their isolation, improvement
preservation

3. concepts in design and optimization of medium for industrial application
bioprocesses

4. knowledge of design and operatiohbioprocesses

5. an understanding of the real industrial scale production of various valued bioprog

COURSE CONTENT

Bioprocess calculations:Basic concepts. Fundamentals of material and energy balan
processes with/without chemical reaction. Sitameous mass and energy balance in flow
without flow conditions.

Microbiological Aspects: Isolation, preservation and screening of industrially impor
microorganisms, Quality improvement of microorganism: isolation of mutants, recom
microorganisms: preparation, selection and screening, inoculum development for fermer
Microbial nutrition: Nutritional requirements for growth and product formation. Med
design and optimization with statistical analysis (ANOVA), Pladketman and Centrg
Composite Design technique, Rreatment of industrial raw materials

Fermentation: Various types of Fermentation, submerged fermentation, solid
fermentation, solid surface fermentation, aerobic and anaerobic fermentation, over
biosynthetic nechanisms.

Industrial Bioprocess: Process technology for production of primary metabolites, sug
baker 6s yeast, et hanol , citric aci d,
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SCHEME OF COURSES — M.TECH. (Biochemical Engineering)

production of industrial enzymesglucose isomerase, cellulase, ydase, protease et
Production of secondary metaboligeenicillins and cephalosporins

PRACTICALS

Material and energy balance calculations in bioprocesses

Isolation and preservation techniques of microorganisms

Strategic enhancement in biomass amghitmduct from microorganism cultures
Media design and optimization

Screening of mutants and genetically engineered microbes

Submerge and solid state fermentation for enzymes and organic acids productio
Biomass production techniques

NoahkswnNE

SUGGESTED READINGS

1. Vogel HC, TodaroCL, Todaro CC, Fermentation and Biochemical Engineer
Handbook: Principles, Process Design, and EquipnNoyesPublications

2. StanburyPF,WhitakerA, Principles of Fermentation Technolodergamon Press.

3. Jackson ATProcess Engineery in BiotechnologyPrentice Hall.

Course No Title of the Course | Course Structure Pre-Requisite
BCC02 ENZYME 3L-0T- 2P None
TECHNOLOGY
AND
APPLICATIONS

COURSE OUTCOMES (CO)

After the completion of course the students will be able to:

1. Analyze the sucture of enzymes with reference to its influence on classificg
function and solubility

2. Understand basic principles and methodologies of enzyme technology in or
manipulate a given strain for the desired function

3. Construct enzyme reactors forobilized and immobilised enzymes along with
skills to carry out enzyme kinetics
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SCHEME OF COURSES — M.TECH. (Biochemical Engineering)

4. Apply the principles of enzyme engineering techniques to conceptulaize and
solutions pertaining to industrial, environmental and social problems

5. Write a simpleresearch proposal, business plan, and market analysis on the curr
updated modern tools and technologies for a biotechnology invention and sust
development

COURSE CONTENT

Introduction: Introduction to enzymes, Classification, Sources, Mae@m of enzyme actior
Strategies of purification of enzymes, criteria of purity, molecular weight determinatio
characterization of enzymes , Enzymes of biological importance, application of en:
Functional group interconversion using enzymes, trd®gnthetic  biocatalysig
Chemoenzymatic synthesis of natural products; sources of enzymes, enzymes from
Thermophilic and Hyperthermophilic microorganisms (extremozymes)

Pre-Steadyi State and Multi-Substrate Enzyme Kinetics:Pre Steady State Kinetts: Rapid
mixing, Stopped flow and Relaxation techniques, Determination of the number of activ
of enzyme and determination of rate constants. Enzyme kinetics at limiting conditions:
substrates, solid substrates and enzyme activity at inésrfac

Kinetics of MultiSubstrate Reactiondlechanism for two substrates reactions, compuly
order, random order reactions and PiRwmng mechanism. Kinetics of biphasic liquid syste
stabilization of biphasic aquecuosganic systems and equilibriumiphasic aqueousrganic
systems

Factors Affecting Enzyme Activity & Active Site Studies: Factors Affecting Enzym(
Activity: Temperature and pH effects, thermal deactivation of enzymes. pH depen
lonization of Acids and Base#ctive Site StudiesThe identification of binding sites arn
catalytic sites, Trapping the enzyme substrate complex, The use of Substrate an
Enzyme modification by chemical procedures affecting amino acids side chains, the ¢
modification by treatment with proteasmsd sitedirected mutagenesis.
Enzyme Immobilization: Enzyme Immobilization & Kinetics of Immobilizatior
Immobilization of Biocatalysts an Introduction, Electrostatic effect, Effect of charged
uncharged support, Effect of external and internal memsssfer, Effect of Intrgarticle
diffusion with uncharged supports, Simultaneous external and internal mass t
resistances and partitioning effects. Dam Kohler number and effectiveness factor.
Applied and Industrial Enzyme Technology: Bioreactors ér soluble and immobilize
enzymes, Mass transfer and catalysis in immobilized enzyme reactors, Enzyme
biosensors; Enzyme catalyzed processes with cofactor regeneration; Enzymatic reag
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SCHEME OF COURSES — M.TECH. (Biochemical Engineering)

micro-aqueous medium and nonconventional media. Caseiestudhvolving enzymeg
application in industrial bioproceskidustrial process using enzymes for production of dr
fine biochemicals and chiral intermediates etc

PRACTICALS

Production and purification of industrial enzymes

Studies on Enzyme Kinetics

Effects of process conditions on enzyme activity

Kinetics of Enzyme inhibition

Enzyme immobilization techniques

Characterization of Immobilized enzymes and their applications

oghkwbh P

SUGGESTED READINGS

1. Blanch HW, Clark DSBiochemical EngineeringMarcel Decler

DoranPM, Bioprocess Engineering Principlédsevier

3. Trnveer S, Inamdar A, Biochemical Engineering Principles and functiori2HI
Learning Private limited

4. Wiseman A Handbook of Enzyme Biotechnologhllis Horwood

5. Moser A,Bioprocess technology, iketics and reactors; Springer Verlag

6. Schugerl K,Bellgart KH, Bioreaction Engineering, Modeling and control; Sprin
Verlag

7. Rao DG,Introduction to Biochemical Engineeringata McGraw Hill

8. Bailey JE, Ollis DFBiochemical Engineering fundamentalgta McGraw Hill

9. Palmer T Enzymes, Biochemistry, Biotechnology Clinical Chemiskyprwood

no
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SCHEME OF COURSES — M.TECH. (Biochemical Engineering)

Course No Title of the Course | Course Structure Pre-Requisite
BCCO03 BIOPROCESS 3L-0T-2P None
ANALYSIS AND
REACTOR
DESIGN

COURSE OUTCOMES (CO)

After the canpletion of course the students will be able to:

1. Analyze the bioreactor principles and to compare the various types of reactors w
reference to its influence on classification and function

2. Understand bioprocess engineering of biochemical reaction emigigen order to
manipulate a continuous sytem for the desired function

3. Construct bioreactor for natural and modified products along with the skills to cg
out evaluation of the biosimulator

4. Apply the principles of engineering techniques to condajaeland deliver solutions
pertaining to industrial, environmental and social problems

5. Write a simple research proposal, business plan, and market analysis on the cur
updated modern tools and technologies for a biotechnology invention anchaiist]
development

COURSE CONTENT

Reaction Kkinetics: Reaction thermodynamics, order and molecularity of reac
homogeneous and heterogeneous reactions, elementary and non elementary reactiong
yield, reaction rate, calculation of reaction gafitcom experimental data, general react
kinetics for biological system, production kinetics in cell culture, kinetics of substrate
in cell culture, growth kinetics with plasmid instability, kinetics of bisubstrate enz
reactions, kinetics of eyme deactivation.

Single reactor system:Constant volume and variable reactors, batch operation of a
mixed enzyme and cell culture reactor, fed batch operation of a well mixed enzyme g
culture reactor, continuous operation of well mixed enzyamel cell culture reacto
continuous operation of plug flow enzyme and cell culture reactor, autocatalytic rea
recycle reactorplug flow reactor and continuous stirred tank reactor, comparison be
major modes of reactor operation.

Multiple reactor system: Continuous stirred tank reactors of equal size in series, contir
stirred tank reactors of unequal size in series, finding conversion in given system, dete
the best system for a given conversion, plug flow reactors in series amidlpegactors of
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SCHEME OF COURSES — M.TECH. (Biochemical Engineering)

different types in series.
Multiple reactions: Simple reactions ,stepwise reactions, parallel reactions ,series rea
maximising r in batch reactor , plug flow reactor and continuous stirred tank reactor,
choice for series extions and series parallel reactions, reversible reactions.

Design for multiple reactions: Reactions in parallelqualitative discussion about prody
distribution, quantitative treatment of product distribution and reactor size, seleg
Reactions inseriesquantitative discussion about product distribution in plug flow and b
reactor.
Deviations from ideal reactors: Concept of non ideality, reasons of non ideality, R
studies, f curve, ¢ curve, e curve, diagnosis of ills of flow reactors, mgdefimon ideal
behaviourdispersion model, tanks in series model.

Control Systems: Introduction to Process control systems, Use of Laplace & In
Laplace Transformation in study of Process Dynamics & Contipinamic Modeling of g
Process, Dynamibehavior of First order system, First order systems in series & secq
higher order systems for various kind of inputs, Linearization of nonlinear sys
Transportation & Transfer Laglassification of control systemBRegulator & Servo contro
Feal Forward & Feed backward control, Negative & Positive Feed back Control, Varial
Physical Elements of a Control system, Modes of control action, Controllers & Final ¢
Elements, Reduction of Block & Signal Flow Diagrams, Closed loop transfetidn

PRACTICALS
1. Study of first order reaction.
2. Inversion of sucrose.
3. Study of pseudo first order reactidweid catalyzed hydrolysis of methyl acetate
4. Study of a second order reactiBaponification of ethyl acetate.
5. Determination of Arrhenius paranees for amylase or invertase.
6. Study of homogeneous catalytic reaction, decomposition of hydrogen peroxide,

catalyzed ester hydrolysis.

Batch fermentation of sucrose using invertase.

Study of PFR.

. Study of CSTR and CSTR combination in first order rieast
10. Study of F & C curves in CSTR.

11. Study of F & C curves in helical colil reactor.

12. Study of PFR & CSTR combination in second order reaction.

© o N
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SCHEME OF COURSES — M.TECH. (Biochemical Engineering)

SUGGESTED READINGS

1. Levenspile QChemical Reaction Engineering; Wiley
2. WalasSM, Reaction Kinetics for ChemicalngineersTata McGraw Hill
3. FoglerSH, Elements bChemical Reaction Engineering; Prentice Hall
4. RajaramJ, Kuriacose JC, Kinetics and Mechanics of Chemical Transformatig
Macmillam India Ltd
5. Bailey JE, Ollis DF, Biochemical Engineering fundamentalsa Md¢Graw Hill
6. SchergerK, Bioreacation EngineeringViley
7. Ghosh TK Bioprocess computations in Biotechnolop&lis Horwood
10.DoranPM, Bioprocess Engineering Principlédsevier
Course No Title of the Course | Course Structure Pre-Requisite
BCC04 MICR OBIAL 3L-0T- 2P None
BIOCHEMISTRY

COURSE OUTCOMES (CO)

After the completion of the course the student will acquire:
1.

2.

3.

4.

5.

An understanding of the cellular structure, function and diversity of microbes pre
on earth

The knowledge of nutrients required bycnabial cells and will be able to design anc
prepare media for microbial culture

An understanding of the microbial metabolism which can be harnessed for enhal
production of microbial metabolites

The knowledge of specialized pathways in microbial metsimaihat are harnessed ft
biochemical processing and bioenergy production

An understanding of the genetic basis of microbial diversity and evolution which
be manipulated for strain improvement

COURSE CONTENT

Unit I: Cell Structure (Special emphasin Cell Wall & Membrane) and Microbial Diversi
Structural differences between different microbial cell types and cellular orgarn
Biochemical/Microscopic/ Molecular methods used to differentiate between archae, euk
and eukaryotes; Cell wallf prokaryotes; Outer membrane of Grawe bacteria and contrg
of its synthesis; Potential targets for drug design.
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SCHEME OF COURSES — M.TECH. (Biochemical Engineering)

Unit Il: Biomolecules and Principles of Microbial Nutrition Importance of -nowalent
interactions in biological systems; Namformatioral and Informational Macromolecules a
their organization; Microbial nutrition; Different types of culture medium; C/N/P balancg
making of culture medium.
Unit Ill: Bioenergetics and Catabolic Pathways Oxidatiesuction reactions; Electrg
carriers and cellular metabolism; High energy compounds and their role in mict
fermentations; Enzymes as catalysts; Cellular metabolites and interconnectivity in biocl
pathways; Respiration and Electron Transport.

Unit IV: Metabolic diversity, Energyrém oxidation of inorganic electron donors; Ir
oxidation; Methanotrophy and methylotrophy; Nitrate and Sulfate reduction; Acetoge
Methanogenesis; Fermentatienergetics and redox constraints; Anaerobic respira
Chlorophylls and other pigmentsivolved in microbial photosynthesis; Anoxygenic g
oxygenic photosynthesis; Autotrophic gBixation: Calvin cycle, Reverse Citric Acid cycl
Hydroxypropionate cycle.

Unit V Microbial Genetics and Genomics Mutations and their chemical basis; Mutags
their use in Biotechnology; Modes of recombination; Comparative prokaryotic genomicg

PRACTICALS

Sterilization, disinfection, safety in microbiological laboratory.

Preparation of media for growth of various microorganisms.

Identification and culiring of various microorganisms.

Staining and enumeration of microorganisms.

Growth curve, measure of bacterial population by turbidometry and studying the
of temperature, pH, carbon and nitrogen.

Assay of antibiotics production and demonstratbantibiotic resistance.

Isolation and screening of industrially important microorganisms.

Determination of thermal death point and thermal death time of microorganisms.

arwnE
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SUGGESTED READINGS

1. MadiganMT, Martinko JM, Brock Biology of Microorganismgeason
2. StryerL, Biochemistry;Freeman
3. GottschalkG, Bacterial MetabolismSpringerVerlag

Course No Title of the Course | Course Structure Pre-Requisite
BCCO05 SEMINAR OL- 0T-4P None
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Course No Title of the Course | Course Structure Pre-Requisite
BCCO06 MAJOR PROJECT | - None
Course No Title of the Course | Course Structure Pre-Requisite
BCCO07 DISSERTATION - None
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SCHEME OF COURSES — M.TECH. (Biochemical Engineering)

M. TECH. (BIOCHEMICAL ENGINEERING)

SYLLABUS FOR DISCIPLINE CENTRIC ELECTIVES

Course No Title of the Course | Course Structure Pre-Requisite
BCDO1 INTRODUCTION 3L-0T- 2P None

TO

BIOCHEMICAL

ENGINEERING

COURSE OUTCOMES (CO)

1. To become familiar with biochemical engineering fundamentals and applications

2. To learn the microbial growth and kinetics of microbial processes

3. To learn fundamentals ofipstream and downstream processing for biopro
operations

4. To understand the basic principles of fluid flow and solid handling in bioreactors

5. To learn about the various modes of bioreactor operations

COURSE CONTENT

Introduction: Definition and scopeof biochemical engineering. Unit operations
biochemical processes, Metabolic stoichiometry and bioenergetics, Mass and energy
in microbial processes

Microbial growth : Microbial growth, substrate utilization and product formation. Prepar
and sterilization of medium for fermentation, concept of yield, metabolic heat
Fermentation: Modes of bioreactor operation: batch, continuous and fed batch, Mixin
aeration, peration, measurement of parameters and control of bioreactors
Bioseparation technologiessolid liquid separation and other DSP steps
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PRACTICALS

W

No ok

Preparation and sterilization of media for fermentation

Study of microbial growth curve under batch cultivation

Estimation of growth kinetics parameter for bacterial/yeast culturerwgtdtionary anc
shake flask conditions

Demonstration of bench top lab scale fermenter

Determination of volumetric oxygen transfer coefficient in fermenter

Solid state fermentation for industrial enzyme production/citric acid
Immobilization of microbiatells

SUGGESTED READINGS

1.

N

Noohkow

Veith WF, Biochemical Engineering Kinetics, Mass Transport, Reactors and G
ExpressionJohn Wiley and Sons Inc

Aiba S, Humphrey AE, Millis NFBiochemical EngineeringUniversity of Tokyo
Press.

Shuler ML, Kargi FBioproaess Engineering Basic Conce®sentice Hall.
CoulsonJM, RichardsordM, Chemical EngineeringButterworth Heinemann.

Bailey JE, Ollis DF, Biochemical Engineering fundamentals; Tata McGraw Hill
Schergeri K, Bioreacation Engineering; Wiley

DoranPM, Bioprocess Engineering PrincipleSisevier

Course No Title of the Course | Course Structure Pre-Requisite

BCDO02 Thermodynamics of | 3L- 0T- 2P None

Biological System

COURSE OUTCOMES (CO)

arwnE

Be able to understand the basic knowledge of Thermodynamics

To know dout Biological systems as open, pequilibrium systems

To understand about chemical potential of biological system

To understand the Colligative properties with respect to biological fluid
To know about Physical chemistry of biological system
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SCHEME OF COURSES — M.TECH. (Biochemical Engineering)

COURSE CONTENT

Thermodynamics i Conceptsof system, properties, equilibrium, zeroth law, heat and
work, first law of thermodynamicsnon flow and steadyflow energy equations,second
law of thermodynamics, reversibility, entropy, propertes of ideal gases, various
thermodynamic processes.Properties of air, water, vapour mixtures, introduction to
psychometry.

Biological systems as open, neequilibrium systems : failure of classical an(
thermodynamics in describing ddogical processes, Standard free energy changes
equilibrium constantgjirection and rate.

Chemical potential : Visualization of the potential, Steady velocity and steady flow;
Fick'slaw anddiffusion. Local Equilibria and SteadyState Energyvs. Power; Transducers
in biological states ConstitutiveequationsPynamicefficiency and (Onsagernonequilibrium
thermodynamics® r i g o grinciple, Sp®ntaneousouplingandentropyproduction.
Colligative Properties : Propertiesof soluion, conceptof osmoticpressure Vant hoff Law,
Raoult'slaw, Boiling PointElevationandFreezingPointDepression.

Physical chemistry of biological system : Ligand binding to macromolecules
Hydrodynamicf macromoleculesApplicationof magnetiaesonancen Biology

PRACTICALS

The comparisorof thermalconductivityof differentmetals

Determinatiorof the calorific valueusingflow calorimeter

Determinatiorof the calorific valueusingThrottle calorimeter

Ethanol, Acetic Acid Ethyl equilibrium determination

CalculateCoefficientof Performancef Vaporcompressiomefrigerationsystemfor
ReversedCarnot,IdealandActual cycles.

Explaintheworking andestimatehe heattransferratesin aforceddraft coolingtower.
Examinethethermalpropertiesof rubber

Determineaf thetemperaturef aliquid affectsits viscosity

. ExperimentallyDeterminethe AbsoluteZero

0. Draw andanalyzeTemperaturerofiles of a premixedLPG flame.

arwnE
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SCHEME OF COURSES — M.TECH. (Biochemical Engineering)

SUGGESTED READINGS

1. Dill KA, BrombergS, MolecularDriving Forces:StatisticalThermodynamicen
ChemistryandBiology, GarlandScience

2. HaynieDT, Biological ThermodynamicsCambridgeUniversity Press

3. Hammes.GG, Thermodynamics and Kinetics for the Biological Sciendasley-
Interscience

4. LehningerAL, BioenergeticsW.A.Benjamin

Course No Title of the Course | Course Structure Pre-Requisite
BCDO03 CONCEPTSIN 3L-0T- 2P None
MODERN
BIOLOGY

COURSE OUTCOMES (CO)

General understanding of organization in biological systems

Conceptual knowledge of functioning in biologicgsems

Clarity about relevance of Biology to engineering graduates

Understanding human body or any other suitable organism as ansae#y} for
engineering students

Understanding electrical, chemical and magnetic forces, and communication ne
in biosystem

rwn R

o

COURSE CONTENT

Introduction to Macromolecules : Introduction to Biology; Macromolecules;Carbon
chemistry;Proteins:Structure folding, catalysis;Nucleicacids:storageandtransferof genetic
information; Lipids: membranesgnergy storage; Carbdydrates: energy storage,building
blocks

Molecular genetics Genes;Basicsof DNA replication, transcription,translation,Genome
organizationMutations;Genetechnology

Cell biology and energetics Cell structure; Membranes;Function of cell organelles;
EnergeticsATP andglycolysis;RespirationfPhotosynthesis

Reproduction, Heredity, Evolution: Reproductionand Heredity; Cell division: mitosis,
meiosis, gamete formation, pollination; Mendalian genetics; Evolution; Gene variation
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SCHEME OF COURSES — M.TECH. (Biochemical Engineering)

(Hardy-Weinbergprinciple); Darwind theoryof evolution

Organizational & Functional Diversity in living world: Viruses,bacteria,protists, fungi;
Physiologyaspectsof Plants& Animals; Regulatorysystems(nervous,endocrine,immune
systems)Ecology;Populationsandcommunities; BiosphereConservation

PRACTICALS

. Quantitativedeterminatiorof Protein

. Quantitativedeterminatiorof Fat

. Quantitativedeterminatiorof Carbohydrate
. Isolationof DNA from bacteria

. Quantitativeanalysis of DNA

. Cell Division.
. ATP productionby photosynthesis
Experimentn Bioproductformation

1
2
3
4
5
6. Microscopyandcell morphology
7
8
9
S

UGGESTED READINGS

1. RobertsM, ReissMJ, Mongeg, AdvancedBiology; Nelson Thornes
2. RatledgeC, KristianseB, BasicBiotechnology CambridgeJniversity Press
3. BrownTA, GeneticsA molecularApproach StanleyThornesPublishers

Course No Title of the Course | Course Structure Pre-Requisite

BCD31 APPLIED 3L-1T-0P None
BIOSTATISTICS

COURSE OUTCOMES (CO)

1. Student shall learn the fundamentals of statistics

2. Get familiar with role and application of statistics in biochemical engineering

3. Must be able to compute a mean, variance, and standard deviation for th
obtained during experimentation

4. To learn the basic concept of ANOVA and its application in data analysis.

5. Student shall become able to design the experiments and expression of result o
in form of tables, graphs etc.
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SCHEME OF COURSES — M.TECH. (Biochemical Engineering)

COURSE CONTENT

Basics of probability and statistics, Description of Data and Theoretical Distributions, N
distribution, Sample ahpopulation, Z distribution/confidence interval, sample size, Tes
significancei t test, F test (The Analysis of Variance (ANOVA) table and thesk), 2
test/Odds ratio, Nonparametric tests, Other tests, Design of experimémduction,
screeniig designs, Data analysis, Higher order experimental designs, Regression anal
coefficient, data reduction, principal component analysis.

SUGGESTED READINGS

=

Jagota AData Analysis and Classification for Bioinformati&oinformatics By The

Bay Press.

2. Hoel PG, Port SC, Stone Clhtroduction to Statistical ThegryHoughton Mifflin
College.

3. Grant GR, Ewens WJtatistical Methods in Bioinformatics: An Introductid@ypringer
Verlag.

4. GumbelEJ, Statistics of Extreme£olumbia University Press.

Course No Title of the Course Course Structure Pre-Requisite

BCD32 ENTREPRENEURSHIP, | 3L-1T- 0P None
IPR AND BIOSAFETY

COURSE OUTCOMES (CO)

To understandhe concepf Intellectualproperty

Havea knowledgeon patentdatabassystemworldwide

To undestandthe principle of patentsystem

To knowthe procesof filing patent

Haveknowledgeon differentsafetyrulesrequiredfor entrepreneurship.

arwnE

COURSE CONTENT

Introduction to Intellectual Property:

Typesof IP: Patents,TrademarksCopyright & RelatedRights, Industrial Design, Traditional
Knowledge,Geographicalndications,Protectionof New GMOs; Internationalframework for
the protectionof IP, IP asa factor in R&D; IPs of relevanceto Biotechnologyand few Case
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SCHEME OF COURSES — M.TECH. (Biochemical Engineering)

Studies;Introductionto History of GATT, WTO, WIPO andTRIPS

Conceptof @rior arto :

Inventionin contextof fiprior artd PatentdatabasesSearchingnternationaDatabasesSCountry
wise patentsearche$USPTO,EPO,India etc.); Analysisandreportformation

Basicsof Patents:

Types of patents;Indian PatentAct 1970; RecentAmendmentsfiling of a patentapplication;
Precautionsefore patentingdisclosure/nosdisclosure;WIPO Treaties;BudapestTreaty; PCT
andlmplications;Role of a CountryPatentOffice; Procedurdor filing a PCT application
Patentfiling and Infringement:

Patentapplication formsandguidelinesfee structure time frames;Typesof patentapplications:
provisionaland completespecifications;PCT and conventionpatentapplications;International
patentingrequrement, proceduresand costs; Financial assistancdor patentingintroductionto
existingschemesPublicationof patentsgazetteof India, statusin Europeand US Patentingby
researchstudentslecturersand scientistsUniversity/organizationatules in India and abroad,
credit sharingby workers, financial incentivesPatentinfringement meaning,scope litigation,
casestudiesandexamples

Safetyrules:

Biohazards;Biosafety Levels; Biosafety Levels of Specific Microorganisms;Recommende(
BiosafetyLevels for InfectiousAgentsand InfectedAnimals; guidelines- Governmenbf India;
Definition of GMOs & LMOs; Rolesof Institutional BiosafetyCommittee, RCGM, GEAC etc.
for GMO applicationsin food and agriculture;Environmentakreleaseof GMOs; Risk Analysis;
Risk AssessmentRisk managemer&andcommunicationOverviewof NationalRegulationsand
relevantinternationalAgreementsncluding Cartagendrotocol.

SUGGESTED READINGS
1. ShippeKC, A shortcoursein internationalntellectualpropertyrights World TradePr
2. ErbischFM, MarediaKM, Intellectual PropertyRights In Agricultural Biotechnology
CABI Publishing
3. CarvalhoNP, The TRIPSRegimeof PatentRights Kluwer Law International
4. Knigh HJ, PatentStrategyfor ResearcherandResearchiManagersWiley

| Course No | Title of the Course | Course Structure | Pre-Requisite \
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BCD33 COMPUTATIONAL | 3L-1T-0P None
BIOLOGY

COURSE OUTCOMES (CO)

1. To learn the fundamentals of computational biology

2. To understand how networks, algorithms, and models are employédblogical
system

3. To learn to apply computational methods to solve problems in modern mol
biology

4. Understand the flow of genetic information in populations and the relationship be
genetics and evolutionary theory

5. Understand the functioning of ganisms, at the molecular, cellular, organ,
organism levels

COURSE CONTENT

Introduction : Molecular sequences, Genome sequencing: pipeline and data, Next ger
sequencing data, Biological databases: Protein and Nucleotide databases, Seligremest
Dynamic Programming for computing edit distance and string similarity, Local and (
Alignment, Needleman Wunsch Algorithm, Smith Waterman Algorithm, BLAST famil
programs, FASTA algorithm, Functional Annotation, Progressive and Iteratatbolls for|
Multiple sequence alignment, Applications.

Phylogenetics: Introduction to Phylogenetics, Distance and Character based metho
phylogenetic tree construction: UPGMA, Neighbour joining, Ultrametric and Min ultrarm
trees, Parsimonous teeAdditive trees, Bootstrapping.

Protein Structure, Modeling and Simulations: Protein Structure Basics, Visualizatic
Prediction of Secondary Structure and Tertiary Structure, Homology Modeling, Stry
Genomics, Molecular Docking principles and Bgations, Molecular dynamics simulations.
Machine Learning, Systems Biology And Other Advanced Topics Machine learning
techniques: Artificial Neural Networks and Hidden Markov Models: Applications in Pr
Secondary Structure Prediction and Genedifig, Introduction to Systems Biology and
applications in whole cell modeling, Microarrays and Clustering techniques for microarrg
analysis, informatics in Genomics and Proteomics, DNA computing.
Perl for Bioinformatics: Variables, Data types,ontrol flow constructs, Pattern Matchin
String manipulation, arrays, lists and hashes, File handling, Programs to handle biologi
and parse output files for interpretation
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SUGGESTED READINGS

1. GusfieldD, Algorithmson Strings Trees and SequeacCambridge University Press
2. Mount DW, Bioinformatics: Sequence and Genome Analy<tgld Spring Harbo
Laborabry Press
3. LeskAM, Introduction to BioinformatigOxford University Press
4. Tisdall, James, Bgnning PERL for Bioinformaticsd 0 Re i | | ¢ions Pub | i
5. LeachAR, Molecular Modeling Principles and Applicatigi&rentice Hall
6. Baldi P, Brunak SBioinformatics The Machine Learning ApproacBast West Press
Course No Title of the Course | Course Structure Pre-Requisite
BCD0O4 FOOD SCIENCE 3L-0T- 2P None
AND
ENGINEERING

COURSE OUTCOMES (CO)

To understandaboutdifferent Structureandcompositionof fruit andvegetables
To know aboutPhysiologyandbiochemistryof fruit andvegetables

To understandiifferentstrategieof preservatiorof food

To understandaboutdifferent Thermal andMechanicalPropertieof Foods

To understandherulesandregulationgelatedto FoodsafetyandHygiene

arwnE

COURSE CONTENT
Introduction: Structure and composition of fruit and vegetables:Definition, cellular

componentschemicalcompositionandnutritionalvalue

Physiology and biochemistry of fruit and vegetables:Postharvesthandling,physiological
developmentgrowth, maturationand senescencedyuit ripening, physiology of respiration,
effect and role of ethylene,biochemistryof respiration;aerobicand anaerobicmetabolism,
chemicalchangesluring maturation.

Preservationof foods by low temperatures: Chilling temperaturesConsiderationmelatingto
storage of foods at chilling temperatures, Applications and procalures, Controlled and
Modified atmospherestorageof foods,Poststoragenandlingof foods.

Preservation of foods by high temperatures: Basic conceptslLethality requirementand
assessintheadequacyf athermalprocessBlanching:functions,disadvatagesandwaysof
minimizing them, PasteurizationBatch and continuous.Commercialsterilization of foods:
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Conventionakanningprocessbatchandcontinuougetards Asepticprocessing

Thermal and Mechanical Properties of Foods: Specificheat.thermalconductivity, thermal
diffusivity and glass transition temp and its relation with water activity. Electrical
Conductivity and Dielectric Propertiesof Foods: Optical Propertiesof foods Relationship|
betweenstresscompressionand deformationof foods, hydrodynamics and aerodynamicg
propertiesof foods

Food safety and HygieneHACCP Systems: General standards for contaminants and t
in foods, General principles for the use of food additives in foods, Analysis of pes
residues

PRACTICALS

1. Determinaion of moisturecontentof foodsby ovendrying anddistillation methods.
2. Determinatiorof TotalandAcid insolubleashcontentin foods.
3. Determinatiorof Crudefat contentby solventextractionmethodsin foods.
4. Determinatiorof crudeProteinfoodsby Kjeldhal methods.
5. Determinatiorof reducingandtotal sugarcontentin foods.
6. Determinatiorof crudefiber contentin foods.

7. Determinatiorof specificvitamin contentof food suchasascorbicacid.carotene®tc.
8. Determinatiorof specificaddedfood Preservavesin foods.

9. To determinenutritive valueof food materialby useof Bomb Calorimter.

10.To characterizehetype of fluids usingviscometer.

SUGGESTED READINGS
1. Mottershead, FoodTechnology LesleyWoods
2. Robinsonl, FoodTechnology NelsonThornes
3. Lal G, SiddappaGS, TondanGL, Preservatiomf FruitsandVegetablesAlibris
4. JacobaviB, The chamical anaysis of foodsandfood products The chamical analsis
of foodsandfood products by Morris B. Jacobs
5. JayM, ModernFoodMicrobiology; Springer
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BCDO05 ENVIRONMENTAL | 3L-0T-2P None
BIOTECHNOLOGY

COURSE OUTCOMES (CO)

1) Students will learn about environmental systems and pollutants along wit
existing and emerging technologies that anportant in the area of environme
biotechnology.

2) Students will understand the importance of microbial diversity and technologi¢
environmental sustainability and processes.

3) To understand principles of waste water technologies and analyze case sfuithie
area to conceptualize a research program with an aim to solve the existing
environmental problems.

4) To critically analyze relevant journal articles and investigate industrial applicg
of the concepts of biotechnology for effluent treatme

5) Students should learn as to how they can manipulate, enhance or retard big
processes for bioremediation of natural sources and xenobiotic degradation.

COURSE CONTENT

Environmental Systems and Pollutants: Physical and chemical aspects of nalkt
environmental processes, Metals and nonmetals, carcinogens, radioactive materig
pathogens/pathogenic sample. Industrial, Municipal and agricultural waste, Ha
processing, and disposal of various hazardous and toxic materials, diversitylandf
microorganisms in diverse and complex environments, Use and management of micrg
the benefit of ecosystems and society
Air Pollution: Dynamic nature of air quality, Ambient and industrial conditions, Principalg
practices of air quality nmagement, Air Quality Management, Air treatment technolog
Contaminant movement in air matrices, and data analysis
Water and Waste Water Treatment: Water resources, drinking water standards, water qu
characteristics, water pollutants, Sampling &dxbratory instrument procedures, An overvi
of the geology, properties, flow, and pollution of ground water systems, sewage and
water treatment plants, Unit operations, physical, chemical and biological used in wast
treatment, Design of daffluent treatment plant, Reactors for waste water treatment

Soil pollution and solid waste management.Generation, processing, and disposal
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municipal, industrial, and agricultural waste materials, technical concepts of solid
management, Desigmd operation of landfills, wast®-energy systems, composting faciliti¢
recycling facilities, and other emerging waste management technologies.

Pollution prevention: Principles of pollution prevention and environmentally consc
products, processesamanufacturing systems, Page product disposal, life cycle analys
Pollution prevention economics, Overview of major environmental laws such as the Cle
and Clean Water Acts, Regulatory issues

PRACTICALS
1. Estimation of D. O., B. O. D. and C.D. in a given waste water sample
2. To estimate the hardness of water sample
3. To estimate total, dissolved and suspended solid in waste water
4. To test acidity and alkalinity of waste water
5. To understand the effect of heavy metal/pesticide on behaviowaataristic of fish
6. To calculate LD50, IC50 and IC10 values
7. To evaluate the effect of pollutant/water pollution using comparative proteomics
8. Genotoxicity assays against selected pollutants: Comet Assay and Micronucleus |

SUGGESTED READINGS

YoungMM, Comprehensive Biotechnologlergamon Press.

De AK, Environmental Chemistryiley Eastern Ltd.

Allsopp D, SealKJ, Introduction to BiodeterioratigreLBS/Edward Arnold.
Metcalf, Eddy Tchobanoglouss Waste Water EngineeringTreatment, Disposal an
Reuse Tata McGraw Hill.

rwn PR
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Course No Title of the Course | Course Structure Pre-Requisite
BCDO06 BIOMASS 3L-0T-2P None
PROCESSING
AND BIOENERGY

COURSE OUTCOMES (CO)

To understand the biomass feedstock and their biochemical composition

To learn abouthe various available bioenergy option and biofuel routes

To become familiar with the energy requirements and energy system for rural se
To learn the biotechnological application in bioenergy generation

To lean the guidelines for bioenergy use andits

agrwnE

COURSE CONTENT

Bioenergy FeedstocksBiomass types, characterization and chemistry, Terresgadjuatic
biomass, bioenergy feedstock cultivation and harvesting,

Bioconversion TechnologiesDirect Combustion and gasification, BiodieselHoits, gaseous
biofuel (biohydrogen and biogas), microbial fuel cell, biorefinery approach, theo
anaerobic digestion; problems associated with biomass conversion,

Fuel Biotechnology: Biofuels, bioenergy commercialization and case studies, life ¢
as®ssments, recent advances in bioenergy research

Algal Biofuel: Harvesting, drying, biomass pretreatment (physical, chemical and biolo
and bioenergy production

PRACTICALS

Biomass characterization: elemental and biochemical composition
Biomass proessing: physical, chemical and biological treatment
Bioethanol production form agi@sidues

Anaerobic digestion of waste and biomass

Algal biomass production and processing for biofuel

Microbial fuel cells

A
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SUGGESTED READINGS

1.

2.

HakeemKR, JawaidM, Rasld U, Biomass and Bioasrgy: Processing and Propertig
Springer

Ravindranath, Nijavalli H, Oakley DH, Biomass, energy and environment:
developing country perspective from Indixford University Press

Khanal, KumarS, SurampalliRY, Zhang TC, Lamsal BP, Tyagi RD, Kao CM,
Bioenergy and bilmel from biowastes and biomas#&merican Saciety of Civil
Engineers (ASCE)

Pandey, Ashok, Handbook of plamised biofuelsCRC Press

Gouveial, Microalgae as a Feedstock for BiofueByringer Berlin Heidelberg

Course No Title of the Course | Course Structure Pre-Requisite

BCDO7 TRANSPORT 3L-0T-2P BCE-501/ BCE503

PHENOMENA IN (Introto B. E.)
BIOLOGICAL
SYSTEMS

COURSE OUTCOMES (CO)

After the completion of course the students will be dble
1.

2.

3.

Analyze the application of transport phenomena with reference to its influen
system reliability and stress dealing nature.

Understand basic principles of process engineering in order to manipulate g
property (state and path funcution) fbe desired function

Development of conserved equations for single or multiple reactor unit

Apply the principles of tranport processing techniques to conceptulaize and
solutions pertaining to industrial, environmental and social problems

Write a simple research proposal, business plan, and market analysis on the cur
updated modern tools and technologies for a biotechnology invention and sust
development
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COURSE CONTENT

UNIT I: Development of mass, momentum and energy balaguations. Equation (
change for isothermal systems. Velocity distribution in flow systems. Interphase tra
Microscopic and macroscopic balances.

UNIT II: Multi-component systems and their transport characteristics. Energy trans
non-isothemal systems. Energy transport by radiation.

UNIT Ill: Shell balance for momentum transfer. Velocity profiles. Residence
distribution Measurement techniques. RTD for single phase flow in tubes, coils, packe
stirred vessels.

UNIT IV: Multiphase fow. Stratified and dispersed flows. Interaction between ph
Measurement technigues. Modelling and correlations of RTD in different contractors; 1
beds, packed beds, bubble columns, spray columns, plate columns, fluidized beds etc.
UNIT V: Predidion of Pressure drop; Friction factor, drag coefficient, single phase
multiphase flow. Lockhart Martinelli approach. Drift flow concept, Rheology.

PRACTICALS

Viscosity of Newtonian Liquids

Thermal Conductivity of Solids

Velocity Profiles in Stady Turbulent Flow
Temperature Profiles in Solid Rods
Concentration Profiles in a Stagnant Film
Friction Factors for Flow in Circular Tubes
Heattransfer Coefficients in Circular Tubes
Efflux Time for a Tank with Exit Pipe
Heating Liquids in Tank Storage

©CoNorwNE

SUGGESTED READINGS

1. Arthur TJ, Biological Process Engineering: An Analogical Approach to Fluid Flow, H
Transfer, and Mass Transfapplied to Biological Systemsgiohn Wiley and Sons

2. DoranPM, Bioprocess Engineering Principjescademic Press
3. Blanch HV, Douglas SC, Biochemical Engineerjr@RC Press
4. ShulerML, Kargi F, Bioprocess Engineering: Basic ConceptenticeHall of India Pvt
Ltd
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Course No Title of the Course | Course Structure Pre-Requisite

BCDO08 ADVANCE 3L-0T- 2P BCE-501/ BCE503
GENETIC (Introto B. E.)
ENGINEERING

COURSE OUTCOMES (CO)

After the completion of course the students will:

1. Have strong foundations in the basic concepteeodbmbinant DNA technologylhe
students will have dechnical knowhow on versatile techniques usedrecombinant
DNA technology.

2. Explain the events involved in generating recombinant DNA molecules, to in
cDNA generation, expression vectors and the choice of host cell.

3. Learn how manipulation of nucleic acids alters functions of proteins andgsigvg
cellular processes.

4. Be able toexplain how the polymerase chain reaction can be used to amplify
segments, and how it may be used to analyze DNA.

5. Be able to review cases wherein genetic engineering and site directed muta
have been used fonanipulation and improvement of genetic traits

COURSE CONTENT

Concepts in genetic engineeringTools and techniques, Properties and applications of [
Modifying Enzymes: Host controlled restriction modification system (Nomenclature, Ty
IV restricion endonucleases, Isoschizomers); DNA Methyltransferases; DNA polyme
Special case of therngiable DNA polymerases in context to PCR (History, cong
enzymology, applications); Reverse transcriptases

Cloning Vectors: Plasmids; Lambda based veastoand derivatives (Insertion vecto
replacement vectors, cosmids, phasmids, phagemidsiranpackaging, selection scheme|
high-cloning capacity vectors: single stranded DNA vectors (M13, fd, f1); YACs, B
PACs, BIBACs, Plant Transformation verdoTi, Ri plasmids, Binary, Conjugate, select
schemes), Protein Expression Vectors (expression systems for high level protein expre
E.coli and yeast, transcriptional efficiency, inducible promoters, translational effici
translational initition, elongation, codon usage), protein extraction and purification (pr
purification tags, histidine and GST tags, IMAC)

Introduction to Cloning: Isolation of gene for cloning, Generalized cloning schemes,
genotypes specificities and applicatipasategies for selection and screening (Introductiq
mar ker and reporter genes, positive
complementation). Introduction of cloned genes into the host cells: Transform
transduction, Particle guelectroporation, liposome mediated, cultivation etc. Virus medi
gene transfer, Transposable elements, RNA viruses, viroids.
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Analysis and expression of cloned gene in host celRestriction enzyme analysis, South¢
blotting, Northern blotting, Irsitu hybridization DNA sequencing. RFLP, PCR, RAPD, D
finger printing, Lipase chain reaction, Ribozymes, DNA probes, antisense RNA, Expres
clonal genes.

Genomic DNA libraries: Procedures for Partial, Representative, Enriched, DNA librari
contextto medium and higlecapacity cloning vectors cDNA libraries (Selfiming methods
replacement synthesis, Okayama and Berg strategy, use of Adapters/Linkers and me
for directional cloning.

Applications: Site-directed mutagenesis, PCR based methiod sitedirected mutagenes
(Single primer methods viz. Miscorporation of mismatched oligos, Ovap extension)
whole plasmid single round PCR), nategppair of mutant oligonucleotides, selection of muta
dut/ungE. coli strains for SDM throughracil replacement), Ligase chain reactitmsilico
analysis, manipulation and annotation of DNA sequences for experimental design and ¢
management of cloning experiments.

PRACTICALS

1. Isolation of Plasmid

2. Cloning of GOI in plasmid vector.

3. Prepaation and Transformation of Competent Cells
4. Gene expression iA.coli

5. Optimization of clonegyene expression.

6. Reporter Gene assay (Gus/CATHAL).

7. Purification of the expressed product.

8. Analysis of gene product.

9. Construction of restriction map of plasnidiNA.
10.PCR amplification.

SUGGESTED READINGS

Old, Primrose Principles of Gene ManipulatiphViley-Blackwell
Lewin B, Genes VII| Oxford.

Singer M, Berg PGenes and Genomed/iley

Brown TA, Genome3; Garland Science

PwpNPR
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Course No Title of the Course Course Structure Pre-Requisite

BCD34 COMPUTATIONAL | 3L-1T-0P BCE-502
FLUID DYNAMICS

COURSE OUTCOMES (CO)

After the completion of course the students will be able to:

1. Analyze the application of computational fluid dynamics with reference to its icfug
on system reliability and stress dealing nature.

2. Understand basic principles of computational fluid dynamics in order to manipulaf
given property (state and path funcution) for the desired function

3. Development of model using numerical methods

4. Apply the principles of computational fluid dynamics to conceptulaize and delive
solutions pertaining to industrial, environmental and social problems

5. Write a simple research proposal, business plan, and market analysis on the cur
updated modertools and technologies for a biotechnology invention and sustai
development

COURSE CONTENT

UNIT [I: Basic equations of fluid dynamics, Physical Classification of fluid dyna
problems,

UNIT Il: Well posed problemsinitial value methods, FinitBifference Methods, Integratio
method, Theta Metod, Finite element method (Galerkin and Collocation). Panel meth
compressible subsonic and supersonic flow.

UNIT lll: Governing EquationsConservation Equations, Direct Numerical Simulati
Large Eddy-Simulation, TimeAveraged Equations for Turbulent Flow

UNIT IV: Reynolds Stress Equations, Turbulence Modeling, The Role of Walls

UNIT V: Wall Functions, Renormalization Group Kodels, LowReynoldsNumber k
Models, Finite Volume Method, SIMPLE @brithm, Advanced Discretization Methods 3
Numerical Schemes Solution  Procedure: Differencing Scheme, Num
Diffusion,Relaxation Factors, Convergence

SUGGESTED READINGS

1. Ferziger H, Peric M,Computatonal Methods for Fluid Dynamic§pringer

2. Hirsch G Numerical Computation of Internal and External Flpaahn Wiley & Sons

3. Patankar SYNumerical Heat Transfer and Fluid Flow, Hemisphere

4. Versteeg HKMalalsekera WAnN Introduction to Computational Fluid Dynamics: Th
Finite Volume MethodLongman S$ientific & Technical

5. Anderson JDComputational Fluid Dynamics: The Basics with ApplicatidisGraw
Hill Inc.
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Course No Title of the Course | Course Structure Pre-Requisite
BCD35 METABOLIC 3L-1T-0P BCE-501/ BCE503
REGULATION (Intro to B. E.)
AND
ENGINEERING

COURSE OUTCOMES (CO)

1. To understand the microbial metabolic pathway and their analysis
2. To get familiar with the regulation of metabolic pathways and its applicati

bioprocess engineering
3. To apply the principles of metabolic engineeringdeerproduce the desired product
4. To apply the genetic engineering techniques in metabolic regulation and engineg
5. To learn the application of metabolic engineering for real industrial scale process

COURSE CONTENT

Introduction: Metabolic pathway ythesis of small molecules; key crossroads and br
points in metabolic pathways

Metabolic Regulation: Regulation of the synthesis of enzymes, control of metabolic pat
by regulatory enzymes, Control of enzyme actigtgteolysis, covalent modifitan and
ligand binding; Control of protein synthesis by induction and repression; Regulation of
major metabolic pathways relevant to bioprocesses industries;

Metabolic Engineering. Metabolic pathway synthesis. Metabolic control theory
metabolicflux analysis, and their applications; Application of gene cloning in redire
cellular metabolism for oveproduction of a desired metabolites; Strategies to overg
regulatory mechanisms for hyper production of primary and secondary metaboliteas
enzymes, amino acids, alcohols, amtidants, organic acids and antibiotics.
Case StudiesCase studies on metabolic engineering.
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SUGGESTED READINGS

1.

Hwn

No g

Vogel HC, Todaro CL, Todaro CC, Fermentation and Biochemical Engineer
Handbook: Principles, Pcess Design, and EquipmeNyes Publications
StanburyPF,WhitakerA, Principles of Fermentation Technolgdgergamon Press
Jackson ATProcess Engineering in Biotechnolop@rentice Hall
Stephanopoulo&N, Metabolic Engineering: Principles and Methodpés Academic
Press / Elsevier

Lee SY, Papoutsakis ETMetabolic EngineeringMarcel Dekker

Nielsen JVilladsen J Bioreaction Engineering PrincipleSpringer

Christiana DS, The Metabolic Pathway Engineering Handbook FundameDR(
Press Taylor & Fnacis Group

Course No Title of the Course | Course Structure Pre-Requisite

BCDO09 ADVANCED 3L-0T-2P BCE-501/ BCE503

BIOCHEMICAL (Introto B. E.)
ENGINEERING

COURSE OUTCOMES (CO)

1. To identify, recognize, and appreciate engineering contributions indziegses

2. To become able to apply basic biology, biochemistry and genetic engin
principles in fermentation process

3. To understand and apply the growth kinetics and reaction engineering princiy
production fermentative bioproducts

4. To learn the corept of mixed cultures and their application in bioremediation
biochemical engineering

5. To be able to apply the knowledge of gained through theory and laboratory prac
the real industrial scale fermentation processes
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COURSE CONTENT

Microbial growth kinetics: Kinetics of cell growth; Mathematical models for substr
uptake and product formation; Plasmid stability in recombinant cell cultures; growth ki
with plasmid instability,

Sterilization Equipments: design of equipments for media aaid sterilization; microbial cel
cultivation strategies;

Bioreactor Engineering: Novel bioreactor designs; Developments in aeration & agitatiq
bioractors; immobilized whole cell and immobilized enzyme reactors; physiolod
immobilised cells, RTD ah mixing in bioreactors; special bioreactors for plant
mammalian cells, integrated systems of bioreaction and bioseparation; bioseng
bioprocesses,

Mixed culture: multiple interacting microbial cultures, Dynamics of mixed cultures;
studies tilizing mixed cultures,

Scale up concept of scalep and scale down of bioreactors and other ancillary equipmer

PRACTICALS

Microbial growth and product formation kinetics;

Effects of inhibitor on microbial growth

Bioconversion in batch, fedbatelmd continuous bioreactors
Oxygen transfer studies in fermentation

Mixing and agitation in fermenter

Residence Time Distribution (RTD) studies

Mass transfer in immobilized cell/enzyme reactors.

NoakswnNpE

SUGGESTED READINGS

1. Veith WF, Biochemical Engineering Kinetics, Mass Transport, Reactors and G
ExpressionJohn Wiley and Sons Inc

Jackson ATProcess Engineering in Biotechnolpddrentice Hall

Aiba, HumphreyAE, Millis NF, Biochemical EngineerindJniversity of Tokyo Press
Doble M, Gummadi SNBiochemical Emgineering PirnciplesPrentice Hall

Shuler ML, Kargi FBioprocess Engineering Basic Concepteentice Hall.
CoulsonJM, RichardsordM, Chemical EngineeringButterworth Heinemann.

Bailey JE, Ollis DF, Biochemical Engineering fundamentals; Tata McGréw Hi
DoranPM, Bioprocess Engineering Principlédsevier

ONOOAWN
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Course No Title of the Course | Course Structure Pre-Requisite

BCD10 Animal and Plant 3L-0T- 2P BCE-501, BCE502
Cell Technology

COURSE OUTCOMES (CO)

1. Students will learn tools and techniquesed for culturing mammalian and plant ce
tissues and organs.

2. Students will learn the tools and techniques for characterization of cell lines inc
authentication and stability of cell lines as well as long term maintenance and s
of cell lines

3. Students will understand the application of transgenic technology for product
improved animals/plants for production of important metabolities to be us¢
healthcare and medicine

4. Students will learn the potential of animal and plant cells asttiofies and stem cel
for studying developmental biology along with the reactors used for cultivatiof
production.

5. Students will understand the financial, social, ethical and IPR issues related to
and plant biotechnology

COURSE CONTENT

Introd uction and Basic TechniquesHistorical developments and scope, Design of
culture laboratory, Equipments required for cell culture, Nutritional Requirement
media, Chemical, physical and metabolic functions of different constituents of c
medum, Plant growth regulators, Serum and supplements, Aseptic techniques
Culture Technigues Methods of plant cell cultivation, Cell suspension culture, Or
Culture, Haploid culture and Protoplast culture, kinetics of callus/cell growth, nu
optimizaton, Development of primary adherent/suspension culture,-caitbhring for
establishment and maintenance of cell lines, Growth studies, population doubling
Cryopreservation and recovery of cell lines,

Characterization of cell lines: Identification/Authentication of cell line, sterility testing
chromosomal stability of cell line, Transfection efficiency for genetic manipulation
production of industrially important metabolites

Bioreactors: Perfusion bioreactors, hollow fiber bioreactor, operalostrategies an
integrated approach; Micro and macro carrier culture Biological and technological b3
hydrodynamic shear and its quantification, mixing and impeller design as
Immobilized plant cell and cell retention reactors, Hairy rootuwel and their cultivation
Comparison of reactor performances,
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Application of Animal and Plant cell technology: Hybridoma technology, Genet
engineering in animal cell culture, Scalp and large scale operation, Stem cell cult
Biotransformation usig plant tissue culture, Secondary metabolite from plant
technology, Genetic engineering for production of oral vaccines, nutraceutical
pharmaceuticalsnolecular farming, Biofortification Case studies

PRACTICALS

Primary Cell culture in statiphase (Iflask)

Growth studies, Role of serum, FBS and Temperature
Monolayer culture

Transfection of mammalian cell lines

Karyotype preparation

Stem Cell Culture

Immunocytochemistry

Development of callus and suspension cultures of plant cells
. Growth kinetics of Callus

10.Production of secondary metabolites in bioreactors using suspension cultures
11.Production of secondary metabolites using immobilized cells
12.Development of hairy root cultures

©CoOoNOORWNE

SUGGESTED READINGS

SpierRE, Griffiths JB, Animal Cell Biotechmlogy; Academic press.

Masters JRWAnimal cell culture- A Practical approagtOxford.

Clynes M,Animal Cell Culture Technique$pringer Verlag.

Butler M, Dawson MCell culture LabFAxBios scientific Publications Ltd.
Freshny RICulture of Animal CeB; Wiley-Leiss.

Caldentey KMO, Barz WH, Willis HLPlant Biotechnology and Transgenic Plar
Marcel Dekker.

7. HammondJ, McGarvyP, YusibovV, Plant BiotechnologySpringer Verlag.
Bhojwani SS, Razdan MKRlant Tissue Culture : Theory and PractiEsevierHealth
Sciences

9. ChrispeelsMJ, SadavaDE, ChrispeelsMJ, Plants, Genes and Crop Biotechnolp
Jones and Bartlett Publications.

ogbkwnE
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SCHEME OF COURSES — M.TECH. (Biochemical Engineering)

Course No Title of the Course | Course Structure Pre-Requisite
BCD11 MODELING, 3L-0T-2P BCE-508, BCE502
SIMULATION
AND CONTROL
ENGINEERING

COURSE OUTCOMES (CO)

After the completion of course the students will be able to:

1. Analyze the process simulation and to compare the simulation results with refere
its influence on classification and function

2. Understand basic primgdes modeling and control engineering in order to manipula
given condition for the desired function

3. Construct models and simulate them with the skills to carry out evaluation of thé
convntional models

4. Apply the principles of control engineering teaues to conceptulaize and deliver
solutions pertaining to industrial, environmental and social problems

5. Write a simple research proposal, business plan, and market analysis on the cur
updated modern tools and technologies for a biotechnoloagniion and sustainab
development

COURSE CONTENT

Basic Modeling Principles: Basic modeling principles uses of mathematical modelinrg
classification of modeling techniques. Fundamental lavenergy equation$ continuity
equation equations of mion -transport equationsequations of stateequilibrium states an
chemical kineticeexamples.

Mathematical Modeling: Mathematical models for Biochemical engineering systen
continuous flow tankenclosed enclosed vesseixing vessel- mixing vesse mixing with
reaction- reversible reaction. Steam jacketed vessaliling of single component liquidpen
and closed vessebntinuous boiling systeiinbatch distillation

Superpro Designer:Introduction to SuperPro Designer for Material and Energyrigalavith
and without reaction.

Matlab Basics and Data AnalysisBasicsData analysisurve fittings, Numerical
integration, Euler and fourth order RungeKutta method, Input and Output in MATLAB.
Matlab and Simulink: Application in Bioprocess Systems: Solving problems using
MATLAB by numerical integration, Euler and fourth order Runge Kutta methods. Simu
- Simulation of gravity flow tanki Simulation of CSTR in seriesSimulation of non
isothermal CSTR Simulation of batch reactor using MATLAB, SIMULIN& dynamic
systems.
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SCHEME OF COURSES — M.TECH. (Biochemical Engineering)

PRACTICALS

0

1. Material Balance without Reaction using superpro designer
2. Material Balance with Reaction using superpro designer

3. Energy Balance using superpro designer

4. Solving Linear equations using MATLAB

5.

6. Optimization Techniques using MATLAB

7. Parameter Estimation in kinetics using MATLAB

8. Modeling of Batch, Fed Batch and Continuous using Berkeley Madonna softwarg
9
1

. Simulation of Continuous Reactor by SIMULINK

Solving polynomial equations gy MATLAB

Simulation of Batch Reactor by SIMULINK

SUGGESTED READINGS

1. Luben WL Process Modeling Simulation and Control for Chemical Enging
McGrawHill
2. Franks RGEMathematical Modeling in Chemical Engineeridghn Wiley and Sons
3. Biquette WB Process DynamiesModeling analysis with simulatigiPrertice Hall
4. PalmWJ, Introduction to Matlab 7 for EngineergilcGraw Hill
5. BeersKJ, Numerical Methods for Chemical Engineering Applications in MATLAB
Cambridge University press
6. http://www.mathworks.com
Course No Title of the Course | Course Structure Pre-Requisite
BCD12 BIOLOGICAL 3L-0T- 2P BCE-505 (Env. BT)
WASTE
TREATMENT

COURSE OUTCOMES (CO)

arwnE

Understandhe differenceandspectrunof biologicalwastethanotherwastematerials
Understandhe aspect@andprinciplesof Solid waste management

Understandhe aspectandprinciplesof Hazardousvaste management
Understandhe aspect@andprinciplesof wastewatermanagement
Understanddifferentnationalaswell asinternational rulesandregulationrelatedto
wastemanagement.
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SCHEME OF COURSES — M.TECH. (Biochemical Engineering)

COURSE CONTENT

Introduction : Waste Definition, Types of biological waste, Sourceand characteristicsof
waste,physicaland chemicalmethodsof wastetreatment Effects, ManagemenOptionsand
Futureof wastetreatmenmmethods
Solid Waste Engineering: Designof Transferand Transport-acilities,Landfilling, Typesand
objectivesof materialrecoverysystems.

Hazardous Waste Engineering: Principlesand Design of Waste Minimization Facilities,
Principlesand Design of HazardousWaste Landills, Principlesand Design of Hazardous
Waste Storage Facilities, Principles and Design of Radioactive Waste Treatment/Site
Remediation

Wastewater Management Measurement o¥Wastewater Constituents Bioprocesskinetics
applied to waste treatment.Theory of activated sludge process, design, operation and
control, BOD reduction and biomass relationship, modifications, stabilization por
operational and design aspects. Anaerotvgatment systems. Sludge digestion theory,
digestordesign,high rate digeston, heattransfer in digestor. Operatioand design features
of trickling filters, Upflow Anaerobic Sludge Blanket Reactor (UASB)Yd Rotating
Biological Contractor (RBC), New developments, fixed film reactors, Nitrificati
denitrification, Phosphorougmoval. Treatment and disposal of waste of the industrieg
distilling and brewing, antibiotics and sugar etc.
Regulations: Management of Regulated Medical Waste practice worldwide, Law of \
management in India and international ( USA, EU), Thedd#ous Wastes (Manageme
Handling and Transboundary Movement) Rules, 2008;MBdical Waste (Management a
Handling) Rules, 1998.

PRACTICALS

HandlingandSterilizationof wastematerial.

Characterizatiof municipalsolid waste( Total solid, Moisture,pH , Ash)
Microbiology of Air, waterandsoil

Animal Carcas®isposalProcedures

Estimationof COD of wastewater

Estimationof BOD of wastewater

Estimationof heavymetalsin municipalsolid waste

Coliform MPN Test

WaterQuality Monitoring

©CoNo,rwNE
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SCHEME OF COURSES — M.TECH. (Biochemical Engineering)

SUGGESTED READINGS
1. Kreith F, Handbookof Solid WasteManagement McGraw-Hill Education
2. TheisenGH, EliasserR,Solid Wastes€EngineeringPrinciplesTechnologiesMcgraw
Hill Book Company
3. Theodord., ReynoldsIP, Introductionto Hazardousncineration Wiley
4. WongJ, NolanGL, Designof RemediatiorSystemsj.ewis Publisherdnc
5. Berlin RE, StantonCC, RadioactiveNasteManagementJohnWiley & Sons
Course No Title of the Course | Course Structure Pre-Requisite
BCD13 ADVANCED 3L-0T- 2P BCE-501, BCE-507
SEPARATION
PROCESS

COURSE OUTCOMES (CO)

After the completion of course the students will be able to:
1.

2.

3.

Analyze the application of advances separation process with reference to its infl
on system reliability and stress dealing nature.

Understand basic primgles of process engineering in order to manipulate a given
property (state and path funcution) for the desired function

Fibractation of distillation clumns and process purge unit

Apply the principles of advanced separation techniques to conceptatalzéeliver
solutions pertaining to industrial, environmental and social problems

Write a simple research proposal, business plan, and market analysis on the cur
updated modern tools and technologies for a biotechnology invention and sust
development

59

This M. Tech. Course has beessped irStanding Committee on Academic Matters,

University of Delhi, held on June 3, 2016.

(nd—1 (o=



SCHEME OF COURSES — M.TECH. (Biochemical Engineering)

COURSE CONTENT

UNIT I. Distillation, Raoul t 6s | aw, -y dnd a&Hix-y diagrms;t flast
vaporization and condensation, Differential distillation, steam distillation, Binary distillg
McCabeThicle and Ponche®avarit Method, Totalreflux, minimum and optimum reflu
ratios

UNIT II: Design of distillation column with open steam, multiple feeds, side stream
partial condensers, Approximate and plate to plate calculations for multicomy
distillation, Liquid-liquid extracton, Extraction equipment Design
UNIT llIl:  Equilibrium diagram, Choice of solvent, Single stage and multistage cq
current extraction with/without reflux, Continuous contact extractors, Leaching equipme
equilibrium, Single stage and multistagess@urrent and counteurrent leaching,
UNIT IV: Adsorption: adsorption equilibria, adsorption column sizing.

UNIT V: Membrane separation processes, Pressure swing adsorption, Foam sef
Separation by thermal diffusion, Electrophoresis, Crystailinat

PRACTICALS

Reverse Osmosis

Adsorption in batch reactors

Solvent Extraction (Liquidiquid extraction)

Veri fication of Fickés |l aw of diffus
Vacuum Evaporation

Leaf Filter

R A

SUGGESTED READINGS

1. GeankoplisCJ, Transport Rocesses and separation process pringiftesntice Hall
of India Pvt. Ltd

2. McCabe WL, Smith,Unit Operation of Chemical EngineerindicGraw Hill
International edition.

3. Vogal HC, Todaro CL, Fermentation and Biochemical Engineering Hand b
Principles PPocess design and equipmelbyes Publication
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SCHEME OF COURSES — M.TECH. (Biochemical Engineering)

Course No Title of the Course | Course Structure Pre-Requisite

BCD14 BIOPROCESS 3L-0T-2P BCE-501, BCES507
PLANT DESIGN

COURSE OUTCOMES (CO)

After the completion of course the students will be able to:

1. Analyze the structure of bioprocess plant design with reference to its influern
classification, function and solubility

2. Understand basic principles and methodologies of plant equipments and anciallg
order to manipulate a functional plant design

3. Construct process equipments for various bioporocess operations along with the
to carry out process dynamics and control

4. Apply the principles of process economics to conceptulaize and deliver solutior]
pertaining to industrial, environmental anctisd problems

5. Write a simple research proposal, business plan, and market analysis on the cur
updated modern tools and technologies for a biotechnology invention and sust
development

COURSE CONTENT

Introduction : General design infornian; Mass and energy balance; Flow sheeting; Pi
and instrumentation

Materials of construction for bioprocess plants Mechanical design of process equipmeg
Vessels for biotechnology applications; Design of fermenters

Design considerations for maintaning sterility of process streams:processing equipmen
Selection and specification of equipment for handling fluids and solids;

Selection: specification and design of heat and mass transfer equipment used in bio
industries; Design of facilitiedor cleaning of process equipment used in biochen
industries;

Utilities: For biotechnology production plants; Process economics; Bioprocess valig
Safety considerations; Case studies.

PRACTICALS

Design of the complete process plant for amiified product or service.
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SUGGESTED READINGS

1.

Ludwig EE, Applied Process Design for Chemical and Petrochemical PI
ButterworthHeinemann.

Sinnott RK, CoulsonJM, RichardsonsJF, Chemical EngineeringButterworth
Heinemann.

Perry RH, Green DWChanical Engineers HandbopkcGraw-Hill.

MeyersFE, StephendMP, Manufacturing Facilities Design and Material Handlir
Prentice Hall.

Peters M, Timmerhaus KRlant Design and Economics for Chemical Enginge
McGraw-Hill.

BausbacheE, Hunt R, Process Plartayout and Piping DesigrPrentice Hall
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M. TECH. (BIOCHEMICAL ENGINEERING)

SYLLABUS FOR OPEN ELECTIVES

Course No Title of the Course | Course Structure Pre-Requisite

EO001 Technical L-T-P: 3-1-0 None

Communication
(TO)

COURSE OUTCOMES (CO)

1.

2.
3.

4.

Thecourse will improve writing and documentation skills of students with emphag
the importance of effective communication with focus on choice of words, form
of proper sentence structures and writing styles.
This will enhance the students capability prepare technical documents &
correspondence.
The course will equip the student with good communications skills for placen
preparing SOPs and CVs.
The course will sensitize the students towards research ethics, copyrigh
plagiarism.

COURSE CONTENT

Definition of communication, meaning, importance & process of communication,
objectives, types, Cbs of communicat
human & nonhuman communication, distinctive features of human languages
Business correspondendefinition, meaning and importance of business
communication, business lettemirchase, enquiry, quotation, order, followup,
acceptanceefusal
Emphasis on (i) paragraph writing, its kinds, coherence & cohesion
(ihwriting a paragraph/thesis: selection of topic and its development
(iii) writing reports, manuals, notices, memos, agendas, minutes
(iv)Interviews, speeches, presentations,
Research ethics, nieidologies, copyright, plagiarism
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SCHEME OF COURSES — M.TECH. (Biochemical Engineering)

SUGGESTED READINGS

1. HewingM, Advanced EnglishGrammarCambridgeUniversity Press
2. Raman M, Sharma Sharma STechnical CommunicatiorPrinciples and Practices;
Oxford University Press

Course No Title of the Course | Course Structure Pre-Requisite
EO002 Disaster L-T-P: 3-1-0 None
Management

COURSE OUTCOMES (CO)

1. Demonstrate a critical understanding of key concepts in disaster risk reductic
humanitarian response.

2. Critically evaluate disaster risk reductiondamumanitarian response policy a
practice from multiple perspectives.

3. Develop an understanding of standards of humanitarian response and practical
relevancan specific types of disasters and conflict situations.
Critically understand the strengths andaknesses of disaster management
approaches, planning and programming in different countries, particularly their h
country or the countries they work in.

COURSE CONTENT

Unit -I: Introduction
Disaster: Definition, Factors And Significance; DifferenBetween Hazard And Disast¢
Natural And Manmade Disasters: Difference, Nature, Types And Magnitude.
Repercussions Of Disasters And Hazards: Economic Damage, Loss Of Human And
Life, Destruction Of Ecosystem.

Natural Disasters: Earthquakes, Volsans, Cyclones, Tsunamis, Floods, Droughts /
Famines, Landslides And Avalanches, Muaade disaster: Nuclear Reactor Meltdoy
Industrial Accidents, Oil Slicks And Spills, Outbreaks Of Disease And Epidemics, Wa
Conflicts.

Unit -II: Disaster Prone Areas In India

Study Of Seismic Zones; Areas Prone To Floods And Droughts, Landslides And Avalg
Areas Prone To Cyclonic And Coastal Hazards With Special Reference To Tsunam
Disaster Diseases And Epidemics
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SCHEME OF COURSES — M.TECH. (Biochemical Engineering)

Unit -1lI: Disaster Preparedness And Management
Preparedness: Monitoring Of Phenomena Triggering A Disaster Or Hazard; Evaluat
Risk: Application Of Remote Sensing, Data From Meteorological And Other Agencies,
Reports: Governmental And Community Preparedness.

Unit -1V: Risk Assessment

Disaster Risk: Concept And Elements, Disaster Risk Reduction, Global And National D
Risk Situation. Techniques Of Risk Assessment, GlobaD@eration In Risk Assessme
And Warning, Peopl ebs Participation |In
Unit -V: Disaster Mitigation

Meaning, Concept And Strategies Of Disaster Mitigation, Emerging Trends In Mitig
Structural Mitigation And No+Structural Mitigation, Programs Of Disaster Mitigation
India.

SUGGESTED READINGS

1. Nishith R, Singh AK Disaster Management in India:Perspectives, issues
strategiesNew Royal book Company

2. Pardees, Disaster Mitigaibn Experiences And ReflectionBrentice Hall Of India

3. Goel SL, Disaster AdminastrationAnd Management Text And Case Stubiesp
&Deep Pubilcation Pvt. Ltd.

Course No Title of the Course | Course Structure Pre-Requisite
EO003 Basics of Financial | L-T-P: 3-1-0 None
Management

COURSE OUTCOMES (CO)

1. The courseds objective is to providegé
finance problems and issues and to apply these concepts in practice.

2. In this course, you will enhance your knowledge and understanding of fin
management.

3. You will learn how managers should organize their financial transactions effeg
and with integity and how to give everybody the ability and confidence to ta
common financial problems in practice.

4. 1t will also provide adequate preparation for future finance classes.
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SCHEME OF COURSES — M.TECH. (Biochemical Engineering)

COURSE CONTENT

Unit |

Nature, scope and objectives of financial manageniemte value of money, Risk and retu
(including Capital Asset Pricing Model).

Unit 1l

Long term investment decisions: The Capital Budgeting Process, Cash Flow Estif
Payback Period Method, Accounting Rate of Return, Net Present Value (NPV), iNendle
Value, Internal Rate of Return (IRR), Profitability Index.

Unit 111

Financing Decisions: Sources of letegm financing, Estimation of components of cost
capital, Methods for calculating Cost of Equity, Cost of Retained Earnings, Cost of [De
Cost of Preference Capital, Weighted Average Cost of Capital (WACC). Capital Stru
Theories of Capital Structure (Net Income, Net Operating Income, MM Hypotl
Traditional Approach). Operating and Financial leverage. Determinants of capitalrgtruc
Unit IV

Dividend Decisions: Theories for Relevance and irrelevance of dividend decision for co

valuationWa |l t er 6 s Model , Gordonos Model , M
Dividend policies in practice.
Unit vV

Working Capital Decisions: @ cepts of Working Capital, Operating & Cash Cycles, sol
of short term finance, working capital estimation, cash management, receivables mana
inventory management.

SUGGESTED READINGS

1. Khan MY, JainPK, Financial Management: Text and Probleesta McGraw Hill.

2. Srivastava R, MishrA, Financial Managemen®xford University Press

3. Chandra PFinancial Managemesitheory and Practicd ata McGraw Hill

4. Horne V, James C, Wachowic2, Fundamentals of Financial Managemep¢arsor
Education.
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Course No Title of the Course | Course Structure Pre-Requisite
EO004 Basics of Human L-T-P: 3-1-0 None
Resource
Management

COURSE OUTCOMES (CO)

This course is designed to provide students with an understanding of human r
management (HRM) functis within organizations, including an appreciation of the role
both HRM specialists and line managers in designing and implementing effective
policies and practices.

COURSE CONTENT

Unit - |

Evolution and growth of human resource managemeith (8pecial reference to scientif
management and Human relations approaches).Role of HR in str
management.Nature.objectives, scope, and functions of HR management.

Unit - I

Challenges of HR (the changing profile of the workfordenowledge workes, employmen
opportunities in BPOs, IT and service industries, Flexi options), Workforce diversity (c
paradox, resolution of diversity by management).

Unit [

HRD; Human resource management as a profession.Concepts-sfalfina the structuref
human resource department and the role of human resource manager.

Unit - IV

Manpower planningobjectives, elements, advantages, process. Job deg@gnplification,
rotation, enlargement, enrichment and approaches}.Job analysis.Job evaluation.

Unit -V

Recruitment (factors affecting, sources, policy, evaluation). Selection(procedure,
interviews). Placement and Induction.
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SUGGESTED READINGS

1. Aswathappa K Human Resource and Personnel Managemeta McGrawHill

2. Chhabra TNHuman Resourc®lanagement, DhanpatRai and Co.

3. Mirza SS,Human Resource Managemensta McGrawHill

4. Chadha NKHuman Resource Managemésgues, case studies, experiengircises

Sri SaiPrintographers
Course No Title of the Course | Course Structure Pre-Requisite
EO005 Project L-T-P: 3-1-0 None
Management

COURSE OUTCOMES (CO)

In this comprehensive course, student will learn the fundamentals of project manageme
to initiate, plan, and execute a project that meets objectives and satisfies stakeholde
course provides a stdyy-step guide to planning and executing a project and to deve
manageable project schedule.

COURSE CONTENT

Unit-|

Objectives of Project Planning, monitoring and control of investment projects. Releva
social cost bendfanalysis, identification of investment opportunities.-feasibility studies.
Unit-II

Project Preparation: Technical feasibility, estimation of costs, demand analysi
commercial viability, risk analysis, collaboration arrangements; financial plgnBstimation
of fund requirements, sources of funds.Loan syndication for the projects.Tax considera
project preparation and the legal aspects.

Unit-IlI

Project appraisal: Business criterion of growth, liquidity and profitability, social costib
analysis in public and private sectors, investment criterion and choice of techr
Estimation of shadow prices and social discount rate.

Unit-1V

Project review/contreEvaluation of project. PERT/CPM.resource handling/leveling.
Unit-V
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Cost and Time Mnagement issues in Project planning and management , success crit¢
success factors, risk management.

SUGGESTED READINGS

1. RavindranR, Operations Research and Management Science HandbB@&k Press

2. KerznerH, Applied Project Management: Best Prees on ImplementationJohn
Wiley & Sons

3. Goodpasture JQuantitative Methods in Project ManagemeniRoss Publishing

4. Meredith JR Mantel JrSJ, Project Management: A Managerial Approagbhn Wiley

Course No Title of the Course | Course Structure Pre-Requisite
EO006 Basics of Corporate | L-T-P: 3-1-0 None
Law

COURSE OUTCOMES (CO)

The objective of this Course is to providedapth knowledge of the Corporate laws &
process related to integrate these aspects of management studies in decisionvitrakiag
organization; analyze and interpret management information; make decisions based
information available; communicate information effectively; understand and appl
theoretical aspects of accounting methods used for collecting, recoadithgreporting
financial information; explain and appraise the taxation laws which govern corporatio
individuals.
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SCHEME OF COURSES — M.TECH. (Biochemical Engineering)

COURSE CONTENT

Unit I: Introduction : Administration of Company Law, characteristics of a comps
common seal; lifting of corporateeil; types of companies including private and pul
company, government company, foreign company, one person company, small cg
associate company, dormant company, producer company; association not for profit
association; formation of corapy, promoters and their legal position, pre incorpora
contract and provisional contracts:-lome registration of a company.

Unit 1l: Documents: Memorandum of association and its alteration, articles of assoc
and its alteration, doctrine of cdnsctive notice and indoor management, prospectus,
prospectus and red herring prospectus, misstatement in a prospectus; GDR; book |
issue, allotment and forfeiture of shares, calls on shares; public offer and private pla
issue of sweatapital; employee stock options; issue of bonus shares; transmission of
buyback and provisions regarding buyback; share certificaldabDsystem; membership of

company.
Unit Ill: Management and Meetings: Classification of directors, additionadjternate anc
adhoc director; women director s, i ndep

identity number (DIN); appointment, who can appoint a director, disqualifications, remg
directors; legal position, powers and duties; key aganial personnel, managing direct
manager; meetings of shareholders and board; types of meeting, convening and co
meetings, requisites of a valid meeting; postal ballot, meeting through video conferen(
voting; committees of board of ditecs T audit committee, nomination and remunerat
committee, stakeholders relationship committee, corporate social responsibility com
prohibition of insider trading.

SUGGESTED READINGS

1. Hicks, Andrew Goo SH, Cases and Material on Company Lé&wford University
Press

Gowar LCB, Principles of Modern Company La8tevens & Sons

Majumdar AK, KapooiGK, Company Law and Practicéaxmann

Hanningan, Brenda, Company La@xford University Press

Sharma JP, An Easy Approach to Corporate L.@me Books Pt Ltd

Ramaiya A Guide to Companies AdtexisNexis Buttersworthwadhwa

Kannal S, SowrirajaN'S, Company Law Procedur€ a x mandés Al | i e
Ltd.

NookwhN
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Course No Title of the Course | Course Structure Pre-Requisite
EO007 BIOLOGICAL L-T-P: 3-1-0 None
COMPUTING

COURSE OUTCOMES (CO)

1. To understand computing in context of biological systems

2. To understand computing languages needed to solve biological problems

3. To acquire computational skills for analysis of biological processes through gridtoamnj
4. To gain knowledge of different biological databases and their usage

5. To gain innovative insight into DNA computing

COURSE CONTENT

Introduction, Orientation and UNIX,

Python: Introduction to Variables and Control flow, PythonRarsing Inand Output,
Python IlI- Scripting and Functions, Python{¥Wumber Crunching and Plotting,

Grid computing, Biogrid, R basics and Visualization, Unix for fast text processing,
Database

Biological databases, R for speed, R for fun, Local BLAST, Uresting and Cod
Correctness

DNA computing,

SUGGESTED READINGS

1. BolouriH, PatonR, Computations in cells & tissugSpringer
2. HauboldT, Bernhard, Wiehdntroduction to Computational Biology: An Evolutiona
Approach Springer

Course No Title of the Course | Course Structure Pre-Requisite

EOO008 Basics of Social L-T-P: 3-1-0 None

Science

COURSE OUTCOMES (CO)

Sociology is a major category of academic disciplines, concerned with society an
relationships among individuals within a societyinlturn has many branches, each of wh
is considered a "social science".
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COURSE CONTENT

Unit 1.
The Development of Sociology in the 19th Century
Unit 2. Sociology as Science:
a. Science, scientific method and critique.
b. Major theoretical strands of regrch methodology.
c. Positivism and its critique.
d. Fact value and objectivity.
e. Non- positivist methodologies.
Unit 3. Religion and Society:
a. Sociological theories of religion.
b. Types of religious practices: animism, monism, pluralism, sects, cults.
c. Religion inmodern society: religion and science, secularization, religious revivalig
fundamentalism.
Unit 4. Politics and Society:
a. Sociological theories of power.
b. Power elite, bureaucracy, pressure groups, and political parties.
c. Nation, state, citizenship, demacy, civil society, ideology.
d. Protest, agitation, social movements, collective action, revolution.
Unit 5. Sociological Thinkers:
a. Kar | Marx- Historical materialism, mode of production, alienation, class struggle.
b. Emile Durkheim Division of labour, socigact, suicide, religion and society.
c. Max Weber Social action, ideal types, authority, bureaucracy, protestant ethic an
spirit of capitalism.
d. Talcolt ParsonsSocial system, pattern variables.
e. Robert K. Merton Latent and manifest functions, confatyrand deviance, reference
groups.
f. Mead- Self and identity.

SUGGESTED READINGS

Beteille, Andre, Sociology: Essays in Approach and Metkibdord University Press
Giddens, Anthony, Sociolog¥yolity Press

Weber M The Methodology of the Social SciengEsee Press.

Durkheim E The Rules of Sociological MethpMacmillan

PwpnpPR
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Course No Title of the Course Course Structure Pre-Requisite

EOO009 ENTREPRENEURSHIP | L-T-P: 3-1-0 None

COURSE OUTCOMES (CO)

This Course Aims at Instituting Entrepreneurial skillshe students by giving an overview of
who the entrepreneurs are and what competences are needed to become an entreprenet

COURSE CONTENT

Unit | -Introduction:
Concept and Definitions, Entrepreneur v/s Intrapreneur; Role of entrepreneurship in iec
development; Entrepreneurship process; Factors impacting emergence of entreprer
Managerial versus entrepreneurial Decision Making; Entrepreneur v/s Investors; Entrepr¢
attributes and characteristics; Entrepreneurs versus inventors; réngepal Culture; Wome
Entrepreneurs; Social Entrepreneurship; Classification and Types of Entrepreneurg
Programmes; Entrepreneurial Training; Traits/Qualities of an Entrepreneurs.

Unit Il - Creating Entrepreneurial Venture:

Generating Business ideSources of Innovation, methods of generating ideas, Creativity
Entrepreneurship; Challenges in managing innovation; Business planning process; [
business plan; Business plan failures; Entrepreneurial leadecsinponents of entrepreneur
leadership; Entrepreneurial Challenges; Legal issusming business entity, consideratig
and Criteria, requirements for formation of a Private/Public Limited Company, Intell¢
Property ProtectionPatents Trademarks and Copyrightsmportance forstartups, Legal Act
Governing Business in India.

Unit Il -Functional plans:

Marketing plaii for the new venture, environmental analysis, steps in preparing marketing
marketing mix, contingency planning; Organizational pladesigning organizatiostructure
and Systems; Financial plénpro forma income statements, pro forma cash budget, funds
and Cash flow statements; Pro forma balance sheet; Break Even Analysis; Ratio Analysis
Unit IV - Entrepreneurial Finance:

Debt or equity financing, Swces of FinanceCommercial banks, private placements, venturg
capital, financial institutions supporting entrepreneurs; Lease Financing; Funding opportu
for Startups in India.

Unit V- Enterprise Management:

Managing growth and sustenangeowth rorms; Factors for growth; Time management,
Negotiations, Joint ventures, Mergers & acquisitions.
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SUGGESTED READINGS

1. Kumar A, Entrepreneurship: Creating and Leading an Entrepreneurial Organi;
Pearson

2. Hishrich, Peters, Entrepreneurship: Startingev&oping and Managing a Ne
Enterprisejrwin
3. Taneja, Entrepreneurship; Galgotia Publishers
4. Barringer, Brace R, Duarie, EntrepreneurshjgPearson Prentice Hall
5. Hisrich, Robert DPeteraM, Shephered, Entrepreneurshjfrata McGraw Hill
6. Lall, Madhurima, Sahab, Entrepreneurshjfexcel Books
7. Charantimath, Poornima, Entrepreneurship Development and Small Business Ente
Pearson Education
Course No Title of the Course | Course Structure Pre-Requisite
EO010 Social work 3L-1T- 0P None

COURSE OUTCOMES (CO)

In this course students will learn about various methods of social work, about com
organization, social welfare administration, Problems pertaining to Marriage, Family ang

COURSE CONTENT

Unit 1.Social work

Philosophy and Metids. Social work: Meaning, Objectives, Scope, Assumptions & Valug
History of Social work in U.K. U.S.A.and India, philosophy of Social Work. Democratic
(Equality, Justice Liberty & Fraternity) and Humanitarian (Human Rights) Matrix.Social
works as a prafssion.

Unit 2. Methods of Social work

Meaning, Scope Principles, Processes (Psychosocial study, Assessments, tggment
formulation and techniques), Evaluation, Follay and Rehabilitation. Social Groups work
Meaning,Objective, Principles, SkillByocesses (Study, Diagnosis, treatment and evaluat
Programme, Planningand Development, Role of Social group worker, Leadership
Development.

Unit 3 Community organization
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Meaning, Objective, Principles, Approaches, Roles of Community Organizatiore¥Work
Unit 4 Social Welfare Administration

Meaning Scope, Auspicd¥rivate and Public, Principles, Basic Administrative Processey
Practice decision making communication, planning.organisation, budgeting and f
control, reporting.Social work Res&rch: Meaning objectives, types, scope, scientific met
Selection and formulation of the problem Research Design Sampling, Sources and Mét
Data Collection, Processing of Data, analysing and interpretation, Report writing.
Action: MeaningScope, approaches (Sarvodays, Antyodaya etc.) and Strategies.

Unit 5 Work in India Problem pertaining to Marriage, Family and caste

Dowry- child Marriage, Divorce, Families with working couples, Disorganised Fam
Families with Emigrant Heads of the tkeholds, Gender Inequality, Authoritarian Fan
structure, Major Changes in Caste systems and problem of casteism. Problems Pert:
Weaker Sections. Problems of Children, Women Aged. Handicapped and Backward (
(SCs, STs, and other Backwarda€ses)Problems of DevianceTruancy Vagrancy an
Juvenile Delinquency, Crime, White Colla Crime, Organized Crime,Collective Viols
Terrorism, Prostitutionand Sex Related Crimes. Social Vices: Alcohilism. Drug Addict
Beggary, Corruption and commalism.Problems of Social Structure :Poverty,
Unemployment, Bonded Labour, Child Labokields of Soclal work India :Child
Devel opment , Devel opment of Yout h, W0 mg
Physically. Mentally and Social Handicappétlelfare of backward Classes (Scs, STs
Other Backward Classes) Rural Development Urban Community Development, Medic
Psychiatric Social work, Industrial Social work, Social Security offender Reforms.

SUGGESTED READINGS

Bedi R,Social Work: An htroductory Text BookDeep and Deep Publications
Bhattacharya S5ocial Work: An Integrated ApproacRegal Publications
Dhawan N Social work perspective Philosophy and Methdglsarat Book Centre
Gautam PRSocial Work: Methods Practices And Perspeati@Gentrum Press

PwpNPR
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Course No Title of the Course | Course Structure Pre-Requisite
EOO011 EOO011: IP and 3L- 1T- 0P None
Patenting

COURSE OUTCOMES (CO)

The objective of this Course is to providedepth knowledge of the laws and process rel
to Tradenarks, Copyrights and other forms of IPs with focus on Patents, the India
International Patent filing procedure, drafting patent application and conducting pr
searches. Students will be exposed to the technical, management and legal aspeaisl
Patents.

COURSE CONTENT

UNIT I: Introduction: Historical and philosophical background of patents and ¢
intellectual property, Patent System: the Constitution, Congress, Patent Office (PT(
courts; Analyzing and understanding judicialr@pns

UNITIl: Comparative overview of patents, copyrights, trade secrets, and trademarks
Legal fundamentals of patent protection for useful inventibesign and plant patents, Leg
fundamentals of copyright protection, Similarity and access, Expressorideas an(
information, merger, Fair use of copyrighted works (e.g., for classroom use), Contri
copyright infringement, Critical differences between patent and copyright prote
Copyright infringement distinguished from plagiarism, Legal amdntals of tradsecret
protection, Legal fundamentals of trademark protection

UNIT IlIl: Requirements and limitations of patentability: New and useful: (A) The legg
requirement of novelty (B) First to invent vs. first inventor to file, The legal reqeméermf
non-obviousness.

UNIT IV: The process of applying for a patent ("patent prosecution™): Anatomy of a
patent application, Adequate disclosure, The art of drafting patent claims, Patent se
(A) Purposes and techniques, Actions for patent inémngnt, Interpretation of claim
Doctrine of equivalents, Product testing as a possibly infringing use, Doctrine of exhaus

SUGGESTED READINGS

1. Rines, Robert HCreate or Perish: Thease for Inventions and Patem&ropolis
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Course No Title of the Course | Course Structure Pre-Requisite
EOO012 Supply Chain 3L-1T-0P None
Management and
Logistics

COURSE OUTCOMES (CO)

Supply chain management consist of all parties (including manufacturer, marketer, su
transporters, warehouses, retailersd even customers) directly or indirectly involved
fulfillment of a customer. The main objective is to acquaint the students with the conce
tools of supply chain management and logistics as relevant for a business firm.

COURSE CONTENT

Unit |
Introduction: Concept of supply chain management (SCM) and trade logistics; Scq

logistics; Logistic activitiess an Overview; Contribution of logistics at macro and mi
levels; SCM and trade logistics; Business view of SCM; Concept, span and spi(
integrated SCM; Demand managemiémethods of forecasting; Supply chain metrics (KP
performance measurement and continuous improvement; Product development Prog
SCM; Strategic role of purchasing in the supply chain and total customéacaiis Types of
purchases; Purchasing cycle.
Unit 11

Managing Relationship: Role of Relationship marketing in SCM; Managing relationst
with suppliers and customers; Captive buyers and suppliers; Strategic partnerships;-S
retailer collaboratiomnd alliances.
Unit [

Focus Areas of Logistics and Supply Chain managementransportatioimportance of
effective transportation system; Service choices and their characteristicsnatar services
Transport cost characteristics and rate fixatimmgcompany management vs. edurcing;
World sea borne trade; International shippingaracteristics and structure; Liner and tra
operations; Liner freighting; Charteri¥igypes, principles and practices; Development in
transportatiorlJnitization, ontainerisation, inter and multimodal transport; CFC and ICD
transport: Set up for air transport and freight rates; Carriage of Goods Hyadeand types
of cargo intermediaries. Warehousing and inventory management: Reasons for warel
Warehaising evaluation and requirements; Warehousing location strategies; Inv
management principles and approaches; Inventory categb@&3, LT, ICC
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Unit IV

IT Enabling Logistics and Supply Chain: Technology in logistic$ EDI, bar Coding, RFID
etc., déa warehousing, electronic payment transfers; Business management s
TRADITIONAL ERP, SPECIAL ERP, MR, DRP, PDM, EIP, CPFR, WMS, TMS;- |
engineering the supply chaiRuture directions.

Unit VvV

Trends and Challenges in logistics and supply chain managent: Third party logistic
outsourcing challenges and future directions.

SUGGESTED READINGS

1. Christopher M, Logistics and Supply Chain Managem@rentice Hall.

2. Handfield Nicholas Jr, Introduon to Supply Chain ManagemeRtentice Hall

3. Coyle JJ Langley CCJ Gibs BJ, Logistics apppach to Supply Chain Manageme
Cengage Learning.

Course No Title of the Course | Course Structure Pre-Requisite
EO013 ORGANISATION 3L-1T-0P None
DEVELOPMENT

COURSE OUTCOMES (CO)

Organisation Development is aogring field of Human Resource Management. It has its
foundations in a number of behavioural and social sciences .

COURSE CONTENT

Organtzattonal Systems and Human Behaviddeveloping a basic knowledge of how
organizattons and groups furnction as eyst; introducing and discussing various theoretig
approaches and issues.

Interpersonal and Consulting Skilléncreasing effectiveness as a change agent by provid
variety of opportunities in order to increase seifareness, practise alternativeywa
ofapproaching personal and interpersonal prokdeiing and develop basic consulting ang
interviewing skills.

Introduction to Organization Developmerihtroducing some basic theories, models and
methods in the field of organizationdevelopment, esigdhose relating to the role of
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consultant and strategies forchange.

Intervention and Change in Organizatier@@onsolidating and further developing consulting
skills and strategies

Action Research ProjeetCarrying out a change activity in an orgamiaa, while also
researching the effects and lor the process. This provides participants with an opporfun
consolidate andde,monstrate skills and knowledge gained in other units of the course

SUGGESTED READINGS

1. KoutsoyiannisA, Modern MicroeconomiGsELBS.

2. Kakkar DN,Managerial Economics for Engineerjngkas Publishing House Pvt
Limited

3. Dwivedi DN, Managerial Economi¢&/ikas Publishing House Pvt Limited

4. MaheshwariManagerial Economi¢$HI

5. Ruddardutt, Sundharam KPM, Indian economy;,

Course No Title of the Course | Course Structure Pre-Requisite
EO014 Industrial 3L-1T-0P None
organisation and
managerial
economics

COURSE OUTCOMES (CO)

This course help students in understanding the basics of management and Industrial
organization

COURSE CONTENT

Unit I: Principles of management, General idea, various functions, scope of engin
Organisation structure, Types, merits and demerits.

Unit II: Plant location and layout, Factors effecting location, types of layout. Prody
planning and combl, Sequence of planning and control of production. Scheduling , rot
despatching., Methods Study, Methods analysis, time study methods of rating.

Unit lll: General idea of personnel management, Industrial psychology, job evaluatig
monitoring. Bsiness decision making and forward planning. Demand and demand for¢
of production analystsprices and pricing decisigorofit and capital, management. Analy
of interindustry relation, macreconomics and business.
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SUGGESTED READINGS

1. KoutsoyiamisA, Modern Microeconomics£LBS.

2. Kakkar DN,Managerial Economics for Engineerjngkas Publishing House Pvt
Limited

3. Dwivedi DN, Managerial Economi¢d/ikas Publishing House Pvt Limited

4. MaheshwariManagerial Economi¢$HI

5. Ruddardutt, Sundharam KPM dian economy;

Course No Title of the Course | Course Structure Pre-Requisite

EO015 Global Strategies 3L-1T-0P None
and Technology

COURSE OUTCOMES (CO)

This subject focuses on the specifics of strategy and organization of the multinational
companyand provides a framework for formulating successful and adaptive strategies it
increasingly complex world economy.

COURSE CONTENT

Globalization of industries, the continuing role of country factors in competition, organi;
of multinational ergrprises, and building global networks, Analysis of competitive situa]
from the general management point of view, including fit between key environmental
and the firm's resources, and changes in these over time. Formulating and imple
strategy based on that analysis. Developing and leveraging a firm's core competencies
long-term sustainable advantage.

SUGGESTED READINGS

1. Peng MW,Global strategyCengage Learning

2. Ghemawaf, Redefining Global Strateg¥rossing Borders in a Worl/here
Differences Still MatterHarvard Business Review Press

3. Kluyver CA, Fundamentals of Global Stratedyusiness Expert Press
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Course No Title of the Course | Course Structure Pre-Requisite

EOO016 Engineering System | 3L- 1T- OP None
analysis and Design

COURSE OUTCOMES (CO)

The students will learn about system definitions and role of system analyst. They will le
about system modeling and design. They will be expos8gstem Implementation and
Maintenance issues.

COURSE CONTENT

Unit 1

System dfinition and conceptSCharacteristics and types of system, Manual and auton
systems

Reallife Business susystems:Production, Marketing, Personal, Material, finarf®gstems
models types of models: Systeraavironment and boundaries, Real time alstributed
systems, Basic principles of successful systems

Unit 2

Systems analystRole and need of systems analyst, Qualifications and responsib
Systems Analyst, agent of change.

Various phases of systems development life cydealysis, Design Development
Implementation, Maintenance

Unit3

Systems Design and modeliRgocess modeling, Logical and physical design, De
representation, Systems flowcharts and structured charts, Data flow diagrams, C
diagramming conventions and guidelinesng DFD and ERD diagrams. Data Modeling ¢
systems analysis, designing the internals: Program and Process design, Designing Di
Systems

Unit 4

User Interface$ Relational Analysi§ Database desigh program desigh structure chart

HIPO1T SSADM i Alternate Life cycle$ Prototypes.

Unit 5

System Implementation and Maintenaftanning considerations, Conversion methg
producers and controls, System acceptance Criteria, System evaluation and perfg
Testing and validation, Systems gbalControl and assurance, Maintenance activities
issues.
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SUGGESTED READINGS

1. Haryszkiewycz, Introduction to Systems Analysis and Ded$?ti
2. SennJA, Analysis aml Design of Information SystemigtcGraw Hill

Course No Title of the Course | Course Structure Pre-Requisite
EOO017 BIOLOGY FOR 3L-1T- 0P None
ENGINEERS

COURSE OUTCOMES (CO)

PwpNPR

engineering students.

o

General understanding of organization in biological systems

Conceptual knowledge of functioning in biological systems

Clarity about relevance of Biology to engamag graduates

Understanding human body or any other suitable organism as anstuldy for

Understanding electrical, chemical and magnetic forces, and communication net
in biosystem.

COURSE CONTENT

The Biological systemi An Introduction; Biomolecules & self assemblies; Molecl
recognition; Bioenergetics; Communication network in biosystem; Mechanics in big
Storage, preservation and propagation of biological information; Biomaterials in engin
applications; Orgaisms as factories for biomaterials; Engineering organisms for i
applications

SUGGESTED READINGS

1. Johnson TBiology for EngineersCRC Press
2. Small M, Dynamics of Biological systenCRC Press
3

. Ottesen T, Olufsen MSlLarsen JK, Applied Mathematical Moels and Humar
Physiology Society for Industrial and Applied Mathematics,
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Course No Title of the Course | Course Structure Pre-Requisite
EOO018 Energy, 3L-1T- 0P None
Environment and
Society

COURSE OUTCOMES (CO)

1. To be able to assess the energgueses available worldwide
2. To understand the negative impact of conventional energy resource utilization on ecq
3. To learn about various types of pollutions and their control strategies

4. To understand renewable energy resources and thresmnomic impact

COURSE CONTENT

Introduction to Environment, Energy and its impact on society

Universe, Environment and Ecosystem: Origin of earth, atmosphere, Origin of Life,
Ecosystem, Biotic and abiotic components, Ecological pyramids, Food Eloaith web,
Habitat and Niche, Major ecosystems, Atmosphere, Biodiversity

Pollution: Air Pollution, Water Pollution, Soil Pollution, Noise Pollution

Energy: Different sources of Energy, Renewable sources of energy, Non renewable eng
Bioenergy, Bioethaol and Biodiesel
Biofertilizers, Biopesticides and Biopolymers
Environmental Ethics and Morals

SUGGESTED READINGS

1. Kishore VVN, Renewable Energy Engineering and Thedbgy, Principles an
Practice;The Energy and Resources Institute (TERI)

Tiwari GN, Ghosal MK, NarosaFundamerdls of Renewable Energy Sourcédpha
Science International

Mital KM, Biogas Systems: Principles and ApplicatioNsw Age International
Nijaguna BT, Biogas TechnologyNew Age International

GoswamiY, Kreith F, KreiderJF, Prindples of Solar Engineerindaylor & Francis
Rezaiyan JCheremisinoffNP, Gasification Technologies, A Prenfor Engineers ang
Scientists;Taylor and Francis

no
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Course No Title of the Course | Course Structure Pre-Requisite
EO019 Public Policy and 3L-1T-0P None
Governance

COURSE OUTCOMES (CO)

Students will be introduced ublic Policy and Administrative governance. They will alsg
learn about Administrative Governance.

COURSE CONTENT

Unit 1 Introduction to Public Policy and Administrativ@overnance: Introduction to publ
policy, econometrics for policy research, policy analysis, economics for public de
making.

Unit 2 Public Bureaucracy in Theory and Practice: Benefit cost analysis, public budg
revenue and expenditures, manggamd leading public service organisations.

Unit 3 Administrative Governance: The Challenge of Policy Implementation, public ang
profit programme evaluation.

Unit 4 Non-state Actors in Policynaking and Administrative Governance: governanct
twentyfi r st century, Soci al Di ver si t ymakinmgand
administrative Governance

SUGGESTED READINGS

1. Shields J, Evans BM, Shrinking the Sate: Globalization and Publicdministration
i eformd Fernwood

2. RadinB, Beyond Machigelli: Policy Analysis Reaches Midlif&seorgetown University
Press

3. Baumgartne~R, Berry JM, Hojnacki M, Kimball DC, Lobbying and Policy Changg
Who Wins, Who Loses, and Whiyniversity of Chicago Press

4. Conlan T, PosnerP, Beam D, Pathways of Power: Theydamics of Nationa
Policymaking Georgetown University press
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