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THE BIOCHEMICAL ENGINEER is primarily 
concerned with research, development, design, 

construction and operation of processes involving 
biological material. Current examples of these 
processes include the production of antibiotics, 
drugs, organic acids, foods, animal feeds, and 
biological waste water pollution control. 

Future activities include the possibility of 
single cell protein production from unusual 
sources (hydrocarbons, cellulosic materials), glu­
cose production from paper wastes, and microbial 
oil recovery. The one semester (3 credits) course 
offered in the graduate program at the ChE De­
partment at t he University of Delaware serves 
two purposes; to introduce the student rigorously 
to microbial and enzyme kinetics, mass transfer 
and biochemical processing, and secondly to de­
velop the skills necessary to analyze and design 
fermentation systems, taking into account down­
stream processing constraints. The course is open 
to advanced seniors and graduate students. 

Biochemical engineering is interdisciplinary 
and draws from many areas, but most strongly 
from microbiology, biochemistry and chemical en­
gineering. There are major hurdles to overcome in 
providing training for students coming from one 
of these areas in the other two. This course is 
taught to ChE students and provides them with 
the skills necessary in the other two areas. No 
attempts have been made to off er the course to 
non-engineering majors, as it is based on a strong 
background in kinetics, fluid mechanics and mass 
transfer. The course is available to civil engineer­
ing graduate students in environmental engineer­
ing. Table I shows an outline of the topics and 
lectures. A design project is introduced after the 
section on mass transfer and class time is allo­
cated periodically to review problems arising in 
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TABLE I. Introduction and Scope of Biochemical 
Engineering 

Fundamentals of Biochemistry and Microbiology 
Microbial taxonomy, growth requirements of micro­
organisms, carbohydrate and lipid metabolism; electron 
transport, replication and genetics 

Kinetics of Microbial Growth 
Constitutive expressions for growth, structured and 
unstructured models, substrate inhibition, kinetics of 
product formation, influence of the external environ­
ment 

Batch and Continuous Culture 
Mass balances for batch, CFSTR, tubular and multi­
vessel systems, the turbidostat, stability of reaction, 
dynamics, equipment for batch and continuous cultures, 
computer coupled fermentations 

Mass Transfer 
Fundamentals of two phase gas/liquid mass transfer, 
predictions of kLa, aeration and agitation systems, air­
lift fermenters, novel devices, power requirements for 
agitation, scale-up, non-Newtonian systems, microbial 
film fermenters 

Reactor Design 
Design of tank type and tubular biochemical reacting 
systems 

Process Design 
Influences of downstream processing constraints on 
process design (extraction, filtration), medium sterili­
zation, air sterilization. 

Mixed Microbial Cultures 
Interactions between microorganisms, predator-prey 
interactions, stability of mixed cultures, applications 

Enzyme Engineering 
Kinetics of single and multiple enzymes in solution, 
enzyme reactors, immobilized enzymes, supports and 
couplings, kinetics of immobilized enzyme reactors, 
applications 

Industrial Processes 
Design project, biological wastewater treatment, de­
tailed analysis of a complete fermentation plant, sterili­
zation of medium, product extraction 
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the design. The design familiarizes the students 
with the problems of scale-up of fermentations, 
and the difficulties of sterile operation. Final de­
signs are presented orally at the conclusion of the 
course. 

A section on the fundamentals of microbiology 
and biochemistry introduces the various types of 
microorganisms encountered and their composi­
tion. Much of the material is taken from Aiba, 
Humphrey, Millis [l], supplemented with refer­
ences to introductory microbiology texts. Carbo­
hydrate metabolism is examined using material 
from Conn and Stumpf [2] and Aiba et al [1]. 
Anaerobic :and aerobic pathways common to im­
portant fermentation products are covered, and 
lipid metabolism and secondary metabolite path­
ways reviewed. The reproductive cycles of bac­
teria, viruses and fungi are described, and the 
importance of mutation as a tool for increasing 

tured and structured models, and the concepts of 
balanced and unbalanced growth follow logically 
from an examination of structured models. The 
influence of external parameters, such as type of 
substrate, temperature and pH is emphasized. 

Using the previously developed rate expres­
sions, organism, substrate and product balance 
equations are simply developed for a variety of 
reactor configurations. The effect of various op­
erational parameters is investigated by solving 
the algebraic or differential mass balance equa­
tions using a simulation language on the digital 
computer. Both MIMIC and CSMP have useful 
built-in plotting routines. This also allows a simple . 
numerical investigation of the stability of various 
configurations (e.g. cell recycle) and rate expres­
sions; this supplements the analytical investiga­
tion of system stability to small perturbations. 
Systems dynamics and various control strategies 

There are several specific examples 
in which unexpected results emerge from the coupling 

of microbiological processes and reactor control. In one it is shown 
that feedforward proportional derivative control of recycle sludge into an activated 

sludge sewage treatment process, for variations in incoming waste flow, results in 
control of the effluent waste carbon concentration, this being independent of the 

expression used to describe the specific waste utilization rate. 

product yields is emphasized. This comprises 8 
hours of lectures. 

MICROBIAL GROWTH KINETICS 

THE DEVELOPMENT OF constitutive kinetic 
rate expressions. for microbial growth com­

prises three hours of course time. Unstructured 
models, such as the Monod relationship, are de­
veloped, and concepts of endogenous metabolism, 
cell yield, models for product formation and sub­
strate inhibition introduced. The analogy between 
constitutive expressions in chemical reacting sys­
tems and those in microbial systems is empha­
sized. In this way batch, chemostat and tur­
bidsotat systems are introduced in a natural 
fashion. The distinction between the rate expres­
sion, being experimentally determined, and com­
ponent mass balances around the system, is not 
always clear in the literature, especially that of 
waste water and sanitary engineering. An article 
by Fredrickson et al [3] overviews both unstruc-
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can be ,easily introduced and modeled. The ap­
proach is outlined in a review article [4] . 

The equipment required to monitor and con­
trol fermentation systems is unique to the chem­
ical process industry in some respects, and im­
portant problems are discussed ( e.g. the require­
ments of sterile operation, inoculum preparation, 
pH and dissolved 0 2 probes). The newly develop­
ing area of computer-coupled fermentations is 
emphasized. Aiba et al [1] and Nyiri [5] provide 
useful background. Computer-coupled f ermenters 
are reexamined following the section on mass 
transfer, including paramters such as ki:JP,, ap­
parent viscosity and rate of heat evolution. 

There are several specific examples in which 
unexpected results emerge from the coupling of 
microbiological processes and reactor control. In 
one it is shown that feedforward proportional­
derivative control of recycle sludge into an ac­
tivated sludge sewage treatment process, for vari­
ati_ons in incoming waste flow, results in control of 
the effluent waste carbon concentration, this being 
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independent of the expression used to describe the 
specific waste utilization rate. This has obvious 
implications in the overall control of wastewater 
treatment plants. 

MASS TRANSFER 

THIS SECTION COMPRISES 10 lectures and 
assumes an understanding of undergraduate 

heat and mass transfer. Two phase gas-liquid 
reactor design equations are developed for tank 
type reactors, using the "ideal" reactor concept. 
Plug-flow gas and well-mixed liquid phases and 
both phases well-mixed are considered. The ma­
terial for this section is based on a series of 
articles by Russell [6-8], which emphasize design, 
based upon the fundamentals of fluid mechanics 
and mass transfer. The parameters which must 
then be evaluated follow naturally. Tubular sys­
tems are briefly reviewed. This provides a rational 
basis for considering the prol;>lems of scale-up. 
The available data for estimating interfacial area 
a and the mass transfer coefficient kL are dis­
'cussed, based on Russell [6], and various correla­
tions for kLa from the literature are reviewed [9]. 
The transition from Newtonian to non-Newtonian 
fermentation broths introduces the student to the 
complexities of real systems. The power require­
ments necessary to obtain the desired degree of 
mass transfer in both stirred tank and air-lift 
fermentors are examined, as are mixing times and 
shear rates. This then leads into a discussion on 
bases for scale-up, and novel fermentation devices. 

DESIGN PROBLEM 

UPON COMPLETION of the section on mass 
transfer and scale-up, the class is presented 

with a design problem, to be tackled in groups. 
The problem is given only in simple terms, e.g., to 
design a plant to produce 300 trillion units of 
penicillin per year. The prime thrust is to obtain 
suitable reactor configurations, mode of operation, 
and sufficient oxygen transfer capabilities. Some­
what less time is spent in medium sterilization and 
extraction. The design serves to further familiar­
ize the student with the literature and provide an 
introduction to some of the differences between 
pharmaceutical and traditional chemical process 
industries. Longer holding times for example, are 
typical of most microbial systems. Other designs, 
emphasizing the two-phase nature of the problem, 
may include biological wastewater facilities (see, 
for example, Atkinson [10]. In the usual senior 
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design project, typically not a great deal of atten­
tion is paid to mixing and gas-liquid mass trans­
fer in stirred tank devices, so the material covered 
in this section will, in general, supplement the 
senior design course. The last week of the semester 
is spent reviewing designs and discussing an ac­
tual complex fermentation plant. 

Although not a great deal of consideration in 
the past has been given to mixed cultures, their 
importance is becoming more apparent. The vari­
ous types of interactions between microorganisms 
can serve as a rather unique model system for 

The one semester (3 credits) course 
serves two purposes: to introduce the student 

rigorously to microbial and enzyme kinetics, 
mass transfer and biochemical processing, and 

secondly to develop the skills necessary to analyze 
and design fermentation systems, taking into account 

downstream processing constraints. 

other interacting ecosystems, in which energy is 
transferred from lower to higher trophic levels. 
Predatorprey interactions are analyzed in some 
detail, and the stability of various systems is ex­
amined. The existence of experimentally observ­
able limit cycles in a protozoan-bacterium system 
provides an interesting introduction to the vast 
literature on oscillations of populations of higher 
organisms. May's monograph [11] serves as a 
source for many of these references, and provides 
a readable discussion of limit cycles on a fairly 
elementary level. 

ENZYME ENGINEERING 

JN A COURSE SUCH as this, it is difficult to 
spend as much time as one would like on vari­

ous areas, and enzyme kinetics and enzyme engi­
neering can only be fairly superficially covered. 
The behavior of single and multiple enzymes in 
solution is reviewed and the problems of diffusion 
and reaction in immobilized enzyme systems dis­
cussed. Experimental methods of immobilization, 
are reviewed, including how these methods may 
alter the observed kinetics. Various reactor con­
figurations and applications are discussed. Atkin­
son [10] and Aiba et al [l] serve as reference 
sources, and the student is given homework prob­
lems which direct him to the already vast litera­
ture here. 
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The course aims to present a rigorous and 
formal introduction to biochemical engineering, 
emphasizing the students' ChE background. 
Analogies are drawn with reaction kinetics, heat 
and mass transfer, and design learned at the 
undergraduate level. The student is provided with 
the elementary tools in biochemistry and micro­
biology, and a familiarity with current views and 
literature in these areas. Clearly further course­
work in applied microbiology or biochemistry is 
required for those students doing graduate work 
in the area, and this is usually a component of 
the graduate c9ursework for M.S. and Ph.D. 
candidates. Thoroughout the course homework 
problems are assigned to supplement the lecture 
material. As there is no convenient text source of 
problems, some of these are taken from fairly 
recent literature articles. This helps to emphasize 
the quantitative rather than descriptive nature of 
the area. • 
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ENGLISH OR TECHLISH: Van Ness & Abbott 
Continued from page 159. 

• The second sentence says that finding a velocity assures 
a packed-bed system. Nonsense. 

• Not afraid of the first person, the author over-does a 
good thing; "Our fluidization velocity" is inappropriately 
personal. 

Two final quotations and their translations 
illustrate several of the points made earlier. 

Techlish: To attain this area the heat ex­
changer contains 100 9 foot long 
pipes with an inner diameter of one 
inch. 

English: A heat exchanger with 100 9-foot­
long, 1-inch-i.d. pipes provides the 
required area. 

Techlish: The shale pre heater has a feed of 
raw shale supplied to it between 
60-90° F which is to be heated to 
600° F and then fed into the reactor. 
The exchanger is to utilize exhaust 
\gas from the reactor as its heat 
transfer fluid. 

English: Before entering the reactor, raw 
shale is preheated from about 60° F 
to 600° F. Exhaust gas from the re­
actor serves as the heat-exchange 
fluid. 

The "shale preheater" of the second quotation 
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comes as a surprise; we would have expected steel 
or perhaps cast iron. 

Writing good technical prose is a difficult task; 
few persons can do it easily or quickly. A first 
draft is usually in need of substantial revision; 
several rewritings are normally required. Some 
expert help is provided by a good dictionary, 
which should be consulted frequently for the 
proper meanings (and spellings) of words. Espe­
cially useful is a little book, called "The Elements 
of Style", by William Strunk, Jr. and E. B. White. 
The second edition of this book, published by Mac­
millan, is printed in paper-back at under $2.00. In 
78 pages the authors say all that need be said on 
the subject. Every engineer should keep a copy at 
hand. 

Rather than supply our own ending to this 
piece, we offer the closing words of a student re­
port: 

Due to the small choice of alternatives re­
lated to this study, the complexity of our 
conclusions remain at a minimum. In con­
clusion it is readily apparent that further 
research would definitely pay off in the 
form of further insight into this problem. 

Who could disagree? • 
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