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Unit

Text

Chemical and Biological Engineering

Biological engineering and bioengineering are no longer new topics
for chemical engineering. However, while these terms have become
quite common in the lexicon of the discipline, the concepts associated
with them are still rather ill defined and often confusing. As there is no
longer doubt about the growing importance of biology as enabling
science of industries critical for chemical engineering, it is becoming
imperative that a discussion be initiated to eventually lead to a
consensus about the meaning of biological engineering and its relevance
to the profession of chemical engineering. O This consenstis could then
guide present activities in curriculum reform, department name
changes, reorientation of student and faculty interests and similar efforts
by our professional organization. The purpose of this perspeétive is to
offer some thoughts that might be helpful to this end.

Let me begin by noting that the most precious asset of a profession
is its intellectual core. In an era of rapid evolution of indusitry and
curricula, it is imperative that a discipline defines its own core and
strengthens it through scholarly activity and diverse applications.
During the past 15 years, we have witnessed an increasing attraction of
students and faculty to biological applications of chemical engineering.
This trend is paralleled by an on-going transformation of the chemical
processing industry to a life sciences based one. In response to these
developments, we have expanded our base to include biology, along
with chemistry and physics, as fundamental science of chemical
engineering. However, it is important to note that, amidst such drastic
industrial and educational changes, our own chemical engineering core

remains virtually unchanged regardless of the domain of its application.

It is important to note that the vision of chemical and biological
engineering does not imply a radical departure from the present but an

evolution into a very promising future. It does not change the core; on
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the contrary, it strengthens it with examples from a most exciting
science. @ It does not suggest that areas where chemical engineers
have contributed in the past and presently lead be abandoned. On the
contrary, it enriches the portfolio of chemical engineering education
and research, thus creating unparalleled opportunities at the interfaces
between biology and the more traditional chemical engineering areas,
such as, polymers ( biomaterials ) , reaction engineering ( metabolic
engineering ) , and ( systems biology ),

computers systems

thermodynamics ( thermo of large molecules) , separations (of peptide
( of metabolic
( bio ) catalysis, fluid mechanics ( microfluidics for

fragments for proteomic applications ), control
pathways ) ,
analytical applications) , and many more.

What is the best way to develop biological engineering?

The present national scene suggests that two models may be
followed. In the first, chemical and biological engineering, and
bioengineering ( as defined earlier) are pursued in a parallel and
mutually beneficial manner. The latter is centered around medical
devices, imaging, biomechanics and biophysics, prostheses and
radiology. The former encompasses medical and industrial applications
of biological systems where chemical reactions are a fundamental
determinant. It comprises multi-scale biological systems and
applications ranging from the molecular to the cellular and equipment
levels, such as, biotechnology, bioprocessing, metabolic engineering
and cellular-molecular biomedical applications defined by equilibrium or
rate ( reaction and/or transport) processes. True to our attention to
integration and quantification, I would also include that aspect of
bioinformatics that deals with data integration aiming at elucidation of
cellular function and physiology.

The second model consists of planting seeds from different curricula
(including chemical engineering) into new organizational units to
encourage the evolution of new versions of biological engineering free
from the shackles of history. This approach is in direct opposition to all
lessons learned from history about evolution of engineering disciplines in
concert with industries. Nevertheless, it has a certain appeal with
administrations eager to consolidate fragmented bioengineering efforts into
a single department without regard to the need for an intellectual core
shared by all faculty or an industry to absorb its graduates.

Until recently, chemical engineering departments were rather slow
in embracing and moving forward with biological engineering. With few

. 2.
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exceptions, they were content with a model of just a few bio-faculty
within a steady-state, process-oriented, petro-centric paradigm. As it
has been amply articulated before, this model is no longer satisfactory.
In light of its ever-increasing importance, biological engineering cannot
be viewed as another one of the manyfields of chemical engineering.
Biology should be included as a foundational science of our discipline,
along with physics and chemistry. Curriculum reform is needed to
reflect this fundamental change primarily in a contextual sense aiming at
introducing chemical engineers to basic concepts of genetics,
biochemistry and molecular cell biology. Such a curriculum reform
would enrich chemical engineering as an engineering discipline and
profession and will serve well the needs of the new chemical,
biotechnology and pharmaceutical industries. We must work hard to
infuse these concepts in our education and research and leave no doubt
that the chemical engineering paradigm is the best vehicle for teaching
and studying biological systems at the cellular and molecular levels.
Let there be no doubt that, should chemical engineering fail to
respond to this challenge, there will be no lack of suitors to fill in the
void. There is hardly any time left either. Although newly formed
bioengineering departments are presently focusing on the more classical
side of this field, it will not be too long before they take an interest in
the cellular and molecular applications of biology and biotechnology.
This trend will be implemented most likely by chemical engineers, who
will not be developing a new version of bioengineering but will be simply
transplanting the highly successful chemical engineering paradigm to
bioengineering. 1 would suggest that such a development would be
equivalent to robbing chemical engineering of its most precious resource,
its intellectual core, with devastating consequences for the profession.
There has been talk already of possible fragmentation of chemical
engineering. ® A possible outcome of fragmentation may indeed be the
demise of chemical engineering as we know it. ® A fragmented chemical
engineering is not a legacy that will make us proud. We need to initiate
without delay a serious curriculum development process to truly fuse
biological content with the chemical engineering core and evolve our

discipline into Chemical and Biological Engineering.

4% ] Gregory Stephanopoulos. Invited comment: Chemical and
Biological Engineering[ J]. Chemical Engineering Science, 2003, 58:
4931-4933.
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Notes

(DAs there is no longer doubt about the growing importance of biology as enabling science of
industries critical for chemical engineering, it is becoming imperative that a discussion be
initiated to eventually lead to a consensus about the meaning of biological engineering and its
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Reading Material

Historical Outline of Bio-based Products

The use of renewable resources as raw materials for technical applications is certainly not
new. Humanity already used natural materials from the first civilizations onward to meet their

- 4.



basic needs. The first industrial activity was also largely based on the use of renewable and this
continued until the industrial revolution.

This means that until 1850, all organic consumer products and industrial raw materials were
plant-based. Within the relatively short period of 150 years society changed from a mainly plant-
based economy to an economy based on fossil fuels (coal until the end of the 19th century, until
1950 mineral oil, and now, increasingly, natural gas). Wood supplied 70% of the fuel demand
in 1870, in 1920 70% came from coal, in 1970 70% from mineral oil.

The use of. renewable materials declined substantially with time, mainly as a consequence of
the extremely low prices of petrochemical resources. Currently, approximately 96% of all organic
chemical substances are based on fossil resources. Nevertheless, several important industries are
still based on renewable raw materials. Half of the fiber used in the textile industry is natural
material ( cotton, wool, flax) , the oleo-chemical industry supplies society’s daily hygienic needs
for soaps and detergents that are based on vegetable oils. The building industry continues to use
natural fiber for thermal insulation purposes. Petro-chemistry does not always offer a realistic
alternative to the use of renewable materials. Classic examples are, for example, in the
production of antibiotics and of drugs where fermentation processes play an important role.
Moreover, industrial biotechnology frequently has further significant performance benefits
compared with conventional chemical technology, for example higher reaction rates, increased
conversion efficiency, improved product purity, reduced energy consumption, and significantly
reduced chemical waste generation. This branch of biotechnology has recently been named “White
Biotechnology”.

The penetration of bio-based product today is estimated at 5% with growth potential up to
10% ~20% by the year 2010. The Vision for Bioenergy and Biobased Products in the United
States and the related Roadmap have established far reaching goals for increasing the role of bio-
based energy and products in this country.

The oil crisis of the 1970s gave renewed impetus to the use of renewable resources. The
worlds increasing dependence on fossil resources, and the finite availability of these, created
serious concern. The concern was, however, largely channeled in the direction of energy
security. Renewable materials were less of a concern and all attention disappeared when the oil
price dropped. With increasing awareness and concern in the 1990s about industrial and consumer
waste, and its effect on the environment, the need arose for beiter biodegradable intermediates
and final end products. Those products can naturally degrade into components that are absorbed
back into the natural cycle. Biodegradability was the new key property of many new products and
they were often based on renewable resources, in view of their intrinsic biodegradability. With
regard to fossil reserves, the world is now faced with the dilemma that while crude oil is being
consumed faster than ever, “proven oil reserves” have remained mostly unchanged. The cost of
exploration and exploitation of crude oil increases, which is reflected in increasing oil prices. In
contrast with this, agricultural raw materials such as wheat, corn, sugar, and oil crops are

becoming cheaper as a fundamental consequence of increasing agricultural efficiency and yield.
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This trend will most probably continue for some time to come. This long-term trend may be
perturbed by the transitory effects of market imbalances and politics but for a growing number of
applications the economic balance is tipping toward the use of renewable resources; this is also
true of bulk chemicals.

Process and catalysis technology revolutionized the chemical industry in the 20th century.
Now the same thing is happening for the production of industrial chemicals from biomass. A wave
of project initiatives is under way globally, the objective of these is to convert renewable resources
into industrial chemicals. Industrial biotechnology uses biological systems in conjunction with
existing and new thermochemistry, for production of useful chemical entities. Biotechnology is
mainly based on biocatalysis and bioprocessing ( the use of enzymes and cells to_catalyze chemical
reactions) and fermentation technology ( directed use of microorganisms ) , in combination with

recent breakthrough in the forefront of molecular genetics and metabolic engineering.

1% B Birgit Kamm, Patrick R. Gruber, Michael Kamm. Biorefineries—Industrial Processes
and Products[ M]. WILEY-VCH Verlay GmbH & KgaA, Weinheim ,2006.

Comprehension

True or false.

1. Humanity already used natural materials before initiation of civilizations to meet their basic
needs. ()

2. About 70% of the energy demand was met by mineral oil in 1970. ( )

3. The oleo-chemical industry supplies soaps and detergents needed to keep society’s daily
hygiene that is contaminated by vegetable oils. ( )

4. The ratio of bio-based product occupies about 5% in all chemical products today with growth
potential up to 10% ~20% by the year 2010. ( )

5. This long-term trend may be toward the extensive use of renewable resources; this is also true
of bulk chemicals. ( )

Related Expressions

1. Words and phrase
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