
Finally, programmable logic controllers are demonstrated in­
house, both for their functionality and ladder-logic program­
ming. These demonstrations provide a valuable experience 
for the students that pictures and diagrams alone cannot equal. 

In addition to the weekly demonstration periods, one or 
two plant tours have been scheduled each year to local biotech 
manufacturing sites. This experience has been extremely use­
ful to the students in integrating the knowledge they have 
gained from the remainder of the course material. 

POTENTIAL LIMITATIONS 
OF THE APPROACH 

To assure that the students taking this course remain mar­
ketable in the wider chemical engineering job market, many 
of the equipment design issues of a mainstream equipment 
design course are still taught (e.g., pipes, pumps, pressure 
vessels, heat exchangers)-but the equipment is discussed in 
the context of a biotech facility. Unit operations and ideas 
unique to the biotech/pharmaceutical industry, such as fer­
mentation, chromatography, clean utilities, sanitary design , 
and cGMP, are also stressed throughout the course. 

The addition of instruction in reading P&IDs, demonstra­
tions of actual equipment used in processing, and tours of 
production facilities have been particularly useful and would 
likely be beneficial in a mainstream chemical engineering 
equipment design course as well. Students completing this 
course have received simultaneous job offers from biotech 
and chemical companies, so it appears that the flexibility of 
this approach is evident to potential employers. 

Teaching a course in this subject does require some knowl­
edge of the industry. This knowledge could be gained from 
previous industrial experience, extensive reading, collabora­
tive teaching with personnel from local companies, or an in­
dustrial sabbatical. 

CONCLUSIONS 

This new course on biotech manufacturing facility design 
and regulatory compliance is a unique experience for chemi­
cal engineering students who are planning to join the biotech 
or biopharmaceutical industry after graduation. The recep­
tion from students and industry alike has been overwhelm­
ingly favorable. Both groups see the information dissemi­
nated through this course as practical, and mastery of the sub­
ject matter allows the students to make a more rapid transi­
tion to industry and thereby to become productive sooner. 

ACKNOWLEDGMENTS 

The author would like to acknowledge the support and en­
couragement of Professors Karen McDonald, Alan Jackman, 
and Subhash Risbud in the Department of Chemical Engi­
neering and Materials Science at the University of Califor­
nia, Davis, during the development of this new course and its 

Summer2001 

transition to a permanent, required course. Acknowledgment 
is also extended to the various companies that sent represen­
tatives to talk to students over the last four years (Digital 
Welding Systems, ITT PureFlo Valves, Millipore, Amersham 
Pharmacia Biotech , Ingold Mettler Toledo , and New 
Brunswick Scientific) and the companies who allowed us 
to visit their sites, including Genentech , Chiron, and 
AgraQuest. The author would also like to thank Professor 
Michael Delwiche at UC Davi s for the demonstration of 
PLCs in his laboratory. 

REFERENCES 
I. Aiba, S. , A.E. Humphrey, and .F. Millis , Biochemical Engineering. 

2nd ed. , Academic Press, New York, NY ( 1973) 
2. Bai ley, J .E., and D.F. Ollis, Biochemical Engineering Fundamentals, 

2nd ed. , McGraw-Hill , New York, NY (1986) 
3. Shuler, M.L. , and F. Kargi, Bioprocess Engineering: Basic Concepts, 

Prentice Hall , Englewood Cliffs, NJ ( 1992) 
4. Blanch, H.W. , and D.S. Clark, Biochemical Engineering, Marcel 

Dekker, ew York, Y ( I 996) 
5. Belter, P.A., E.L. Cuss ler, and W.-S. Hu, Bioseparations: Downstream 

Processing for Biotechnology, John Wiley & Sons, New York, NY 
( 1988) 

6. Peters, M.S. , and K.D. Timmerhaus, Pla111 Design and Economics for 
Chemical Engineers, 3rd ed., McGraw-Hill Book Company, New York, 
NY (1980) 

7. www.phrma.org 
8. Lyderson, B.K., N.A. D' Elia, and K.L. Nelson, eds, Bioprocess Engi­

neering: Systems, Equipment, and Facilities, John Wiley & Sons, New 
York, NY (I 994) 

9. FDA, "Guideline on General Principles of Process Validation" ( 1987) 
0 

.ta ... 5111113._b_o_o_k_s_re_c_e_i_v:_e_d ______ ) 

Principles of Condensed Matter Physics, by P.M. Chaikin and T.C. Lubensky; 
Cambridge University Press, 40 West 20th Street, New York, NY 10011-
4211; 694 pages, $69.95 (hardback), $47.95 (paperback) (2000) 

An Introduction to Nonlinear Chemical Dynamics: Oscillations, Waves, 
Patterns, and Chaos, by Lrving R. Epstein and John A. Pojman; Oxford 
University Press, I 98 Madison Avenue, New York NY I 00 I 6; 392 pages, 
$75 (I 998) 

Polymers in Sensors: The01y and Practice, edited by Nairn Akmal and Arthur 
M. Usmani; ACS Symposium Series 690; Oxford University Press, 198 
Madison Avenue, New York NY 10016; 302 pages ( 1998) 

Energy Storage Systems for Elect,vnics, Edited by Tetsuya Osaka and Madhav 
Datta; Gordon and Breach Science Publishers; 579 pages, $ I 45 (2000) 

Oxford Dictionary of Biochemist,y and Molecular Biology, edited by A.O. 
Smith, S.P. Datta, and G. Howard; Oxford University Press, I 98 Madison 
Ave., New York, NY I 0016; 738 pages, $60 ( 1997) 

Fundamentals of Industrial Catalytic Processes, by R.J . Farrauto and C.H. 
Bartholomew; Blackie Academic & Professional ; 754 pages $ 149 (1997) 

Fluid Dynamics and Transport of Droplets and Sprays, by William A. 
Sirignano; Cambridge University Press, 40 West 20th Street, New York, NY 
I 00 I 1-42 11 ; 3 11 pages, $80 (I 999) 

Flow Measurement Handbook: Industrial Designs, Operating Principles, 
Performance, and Applications, by Roger C. Baker; Cambridge University 
Press, 40 West 20th Street, New York, NY I 0011-4211; 524 pages, $110 
(2000) 

193 


