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An Emerging New Order 
Biological engineering is evolving as a discipline and a profession 

B
iological engineering is the 
emerging "new order of 
things" - a new engineering 

discipline, a new engineering pro­
fession, and a new relationship at 
the interfaces of biological 
sciences, engineering sciences, 
mathematics 
and computer 
sciences. 

Bralun P. Venna 

Transformation 
through knowledge 

A discipline is viewed as a part 
(branch) of a body of knowledge 
that provides a unique order to 
things. Science and engineering 
share a common body of knowl­
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Established 
units founded 
on mechani­
cal, chemical, 
electrical and 
agricultural 
engineering 
are each eval­
uating and 
forging new 
roles of bio­
logical sci­
ences in their 
disciplines. 

Currently, the role most clear in 
this emerging order is the role of 
biomedical engineering. Here, the 
application of engineering to med­
ical practice has well-known prec­
edents - the development of diag­
nostic instruments and devices for 
assisting those with physical and 
functional handicaps. . 

To some, the role of agricultural 
engineering is similarly clear evi­
dence of the order of biological 
engineering in the application of 
engineering to agricultural and 
food systems. In both cases, bio­
logical engineering is practice­
based and not discipline-based 
engineering. Let's proceed now 
with the rationale behind rethink­
ing biological engineering as disci­
pline-based engineering. 

edge, but their worldviews are dif­
ferent. Scientists discover reality 
and features of nature, and their 
reasoning is context free. 

However, engineering knowl­
. edge is in the context of problem 
solving. Unlike the common belief 
that engineering is an "applied" 
science, engineers transform the 
common understanding of nature 
(scientific knowledge) to construct 
engineering 'science knowledge, 
which is useful in solving technical 
problems for improving human 
conditions. The engineering 
science knowledge is then used to 
"design" and develop new process­
es and systems. An important 
aspect to engineering knowledge is 
that it is quantitative, and mathe­
matical/computational procedures 
are used to evaluate and compare 

alternative solutions. 
An example is the discipline of 

mechanical engineering. It is the 
branch of the body of engineering 
knowledge, which is the trans­
formed knowledge of (physical) 
nature related to mechanics, suc­
cessfully used to develop machines 
to improve human conditions. 

An overview of the rationale for 
discipline-based biological engi­
neering is illustrated in Figure 1. 
Over centuries, human curiosity to 
understand nature has led to many 
discoveries. In a simplistic model, 
nature might be viewed as having 
physical, chemical and biological 
elements with scientific knowledge 
pigeon-holed into these divisions. 

Humankind's initial discoveries 
were largely in the physical sci­
ences (physics) and were soon fol­
lowed with the elucidation of a­
tomic structure and chemical reac­
tions (chemistry). Advances in bio­
logical sciences are relatively new. 
To a great degree these areas of 
scientific knowledge were viewed 
independently until limitations of 
this approach became evident. 
Efforts at the interface in the pur­
suit to more fully understand 
nature have led for example to the 
evolution of biochemistry and bio­
physics. 

Engineering science knowledge 
is developed through transforma­
tion of scientific knowledge to ful­
fill an engineering worldview ­
knowledge to solve practical prob­
lems (Fig. 1)'. The early develop­
ment of physics led to the devel­
opment of engineering sciences 
related with physical nature. 
Engineering science subjects of sta­
tics, dynamics, heat transfer, and 
others evolved from mechanics, 

RESOURCE. NOVEMBER 1995 8 



complex systems having biological 
components, it does not achieve 
the scope of biological 

an evolving discipline is the result effort.
 
of entrepreneurial attitudes of indi- Other larger Societies also have
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logical science knowl­
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formed to engineering 
only through the physi­
cal and chemical sci­
ence and engineering paradigm. 
This is manifested, for example, 
when we study physical properties 
of biological materials or biofluid . 
mechanics. (Note: The description 
of biological processes and materi­
als are "fitted" into the physical 
engineering paradigm). 

Two important recent advances 
presage portentous development 
of biological engineering science: 

• The knowledge in biological
 
sciences and biotechnology.
 

• Computer technology and 
computational techniques to repre­
sent qualitative information in a 
quantitative-like manner with 
repeatable results. 

These advances fulfill the condi­
tions needed for the transfonnation 
of scientific understanding of 
nature to engineering science suit­
able for practical solutions. An 
important observation is that 
advances in computers and com­
putational techniques have made 
possible the' development of bio­
logical engineering. . 

At the juncture of 
rapid development 

J. Prausnitz, professor of chemi­
cal engineering at Berkeley has 
stated, "Scholars in the history of 
knowledge have shown convinc­
ingly that, in any discipline, signifi­
cant growth inevitably occurs at 
the periphery, at the interface that 
separates one discipline from 

viduals from several disciplines 
creating synergistic knowledge. 
The discipline of biological engi­
neering is at this juncture. Work by 
biologists (biochemists, microbiol­
ogists, geneticists, etc.) and 
chemists with a mind set to prob­
lem solving jointly with engineers 
(agricultural, chemical, electrical, 
mechanical, etc.) are evolving new 
knowledge in the domain of bio­
logical engineering. 

The biological engineering disci­
pline will evolve, and its scope is 
at least as large as any of the exist­
ing engineering disciplines. Many 
aspects of this discipline are devel­
oping through the established 
engineering disciplines where bio­
logical knowledge is being forged 
into existing thinking. 

This will change, and a new and 
unique engineering paradigm more 
suited to biological engineering 
will emerge. At this evolutionary 
stage it is necessary to bring all the 
disparate groups practicing biolog­
ical engineering together to aid the 
development of the discipline. 

One such action is to develop 
an organization that provides 
opportunities to share scientific 
and engineering work in the many 
aspects of biological engineering 
diScipline. Aside from the activities 
in science and engineering, signifi­
cant issues impacting social, politi­
cal and economiCal aspects must 
also be a part of biological engi­

been moving toward 
Biological Engineering, 
but none have yet 
achieved the effect of 
ASAE. lEE has the po­
tential of unifying many 
aspects of the discipline 
of biological engineering 
and becoming the pro­
fessional home for those 

interested in biological engineer­
ing. It is particularly important 
now that lEE has the flexibility to 
grow and that agricultural engi­
neers nurture and lead the way of 
this shifting paradigm. 

The diSCipline-based biological 
engineering will emerge,' providing 
the foundation for unique engi­
neering solutions: 

• By using biological materials 
and liVing processes in their 
design. 

• For systems with biological 
components that are more in har­
mony with nature. 

The use of living processes and 
biological materials will become an 
integral part of engineering design. 
Educational curricula, research and 
industry will evolve with focus on 
biological engineering. And lEE, 
formed with the support of ASAE, 
will become the central organiza­
tion for this promising and emerg­
ing new order of things. 

m 
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DISCOVERY 

Fig.1. The relationships among natural science, engineering sdence and practicing areas, and the role of engineering sci­
ences and soft sciences for Inventing products andprocesses. Broken line shows the evolution ofbiological engineering 
science knowledge leading to the establishment ofa new discipline-based engineering. 

heat, thermodynamics, electricity 
and magnetism leading to the 
establishment of mechanical engi­
neering and electrical engineering 
disciplines. The discovery of 
knowledge in chemistry and quan­
titative understanding of principles 
of distillation, reaction kinetics and 
extraction similarly established 
chemical engineering discipline. 

The transformation of biological 
science knowledge to engineering 
knowledge has lagged because an 
understanding of the principles of 
living processes and the properties 

of biological materials has not 
been compatible to quantitative 
(mathematical) methods. Lack of 
this engineering science knowl­
edge has had direct impaCt on two 
accounts: 

• Design solutions are based on 
only physical and chemical engi­
neering science knowledge, and 
they do not generally incorporate 
concepts that may come from "bio­
logical engineering science." 

• Design solutions for systems 
that have biological components iri 
them (agriculture, medicine, envi­

ronment, etc.) are "fined" to the 
physical and chemical engineering 
science paradigm. 

In the absence of discip/ine­
based biological engineering, prac­
tice-based engineering knowledge 
(Fig. 1) for many application areas 
with biological components has 
been developed to meet immediate 

.needs. In these cases, engineers' 
knowledge of physical and chemi­
cal engineering sciences and the 
practitioners in the problem area 
initially work together to develop 
the knowledge synergistically. 
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