Historical Approach
to Chemical or Process Engineering

Today we live in a world of what Georges Friedmann calls Sunday
drivers — people who have never opened the bonnets of their cars,
people for whom functioning is not merely the function of things but
also their mysery. (Baudrillard 2005)

Thus, in France, the development of chemical engineering education
owes nothing to industrialists. (Grossetti 2004)

The industrialist utopia promised us that the development of the forces
of production and the expansion of the economic sphere would
liberate humanity from scarcity, injustice and misery [...]. It means
we must find a new utopia, for as long as we are the prisoners of the
utopia collapsing around us, we will remain incapable of perceiving
the potential for liberation offered by the changes happening now, or
of turning them to our advantage by giving meaning to them. (Gorz
2011)

After Chapelier’s Law, the 19th Century engineer set the
manufacturing process in motion. It eradicates artisanal practice and
the knowledge system that accompanies it. For the skills of
companions, transmitted from master to disciple, teaching with
intuition and sensitivity, it substitutes the rationalist approach of
applied science. (Gaudin, quoted in André 2019, p. 65)

The scientification of processes comes from this desire for efficiency
and the awareness of the implications of science integrated into the
company’s know-how. (Hers 1998)



2

Process Engineering Renewal 1

Old technology imposes on new technology its own standards of
economic valuation, developed by reference to its natural qualities,
thereby introducing a kind of bias in the exercise of economic
calculation. (Foray 1992)

The principle of reduction ignores that the whole has qualities, which
are not found in the parts. (Wolf 2009)

Science is what the father teaches his son. Technology is what a son
teaches his father. (Serres 2017)

It is science whose human ends are affirmed and systematically
sought. The technician, the engineer in his current practice, does not
use any truth that does not come from a particular science, but it is up
to him to make an original synthesis of it. There is technique only
where there is purpose. (Berger 1962)

What a technique lacks is not the ability to discover the solution to its
problems, but the ability to generalize its solutions. (Canguilhem,
quoted in André 2019, p. 93)

According to Isabelle Stengers (1989), chemists, throughout their
history, have questioned their identity and their specificities with
regard to physics... (Vinck 1999)

The more a commercial company gets media coverage, the more it
must devote a significant part of its activity to the production of
demand, by investing ever greater resources in attention-grabbing
devices. (Citton 2014)

The individual serves the industrial system not by supplying it with
savings and the resulting capital; he serves it by consuming its
products. On no other matter, religious, political or moral, is he so
elaborately and skillfully and expensively instructured. (Galbraith
1967)

Modeling is constructed as a point of view on the real. (Le Moigne
2013)

[In 1870] spiritually chemistry was a complicated physics with
surprises. (Malisoff 1941)
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1.1. Introduction

The first is the invention of the distinction between the basic and
applied sciences, a distinction that engineering sciences undoubtedly
made the mistake of endorsing in the 19th Century, at a time of their
extraordinary growth: they condemned themselves to being nothing
more than ancillary sciences, humble servants in charge of applying
knowledge developed elsewhere and by others: how could they
participate in this formidable undertaking of invention rather than
discovery, of construction rather than identification, of conception
rather than analysis, which characterizes any scientific activity of
elaboration of critical and prospective knowledge. (Le Moigne 1993)

Industrial chemistry, which was current at the beginning of the 19th Century, is a
body of knowledge that corresponds to the control of the ways of obtaining a
marketable product, raw materials and their supply methods, as well as the by-
products, and even the economic and environmental performances that allow for
profitable manufacturing. According to Bousquet, industrial chemistry is essentially
descriptive in nature:

Industrial chemistry is therefore a body of knowledge enabling the
chemical engineer and/or researcher concerned in various capacities
by the process industries to know which are:

— the obtaining routes (which are most often unitary process or
operation sequences);

— the obtaining routes (which are most often sequences of raw
materials;

— the production routes (which are most often by-product chains and
the economic and environmental performance that allow the
production of chemical industry products. (Bousquet 2008)

This new chemical industry was extremely profitable, but difficult to
“drive”, as it was then called, and extremely polluting... But with the
rise of modern chemistry, chemical manufacturers felt the need to
protect their industry, which they said was a victim of obscurantism
and prejudice when it was in their eyes the jewel of the French
economy and, of course, harmless. It was under their pressure that the
decree of 1810 on insalubrious establishments was adopted, the
purpose of which was not [...] to protect public health, but to protect
industry or, more precisely, to define precisely its rights and those of
its neighbours. (Massard-Guilbaud 2004)



4 Process Engineering Renewal 1

For Fressoz (2012), chemical manufacturers were well aware of the risks they
posed to their workers and the environment as a whole. But they had chosen to
consciously ignore it (Jarrige 2012):

The safest way to be discredited is to claim that absolute security is
offered, that a system is under control when it is not, in short, to
idealize a situation. As soon as the people to whom this is addressed
realize the slightest gap between discourse and reality, everything
collapses. As we have seen, this is the explanation for many crises.
These are crises of “disillusionment”. (Hirsch, quoted in André 2019,
p. 100)

Thus, in Paris and its suburbs (at the time), ammonia was produced in Saint-
Denis and Vaugirard by treating animal waste from the capital with hydrochloric
acid and calcium sulfate (local gypsum), producing particularly harmful foul odors
(Barles et al. 2009). “Soda ash manufacturers have been forced to direct acid fumes
into underground tunnels, or lose them in deep wells, so as not to burn crops, and
inconvenience neighbours with clouds of muriatic acid fumes rising from their
stoves” (Chaptal 2009). This has resulted in gains for some and a brand image that is
still difficult for the chemical industry to get rid of. Indeed, according to Da Lage
et al. (2008):

Fear mobilizes both an individual dimension as an intimate experience,
and a collective one, shared with others in the public space, because
fears are socially staged. Thus, the more recurrent and the less recurrent
fears provide information on the representations and values of our
contemporaries. Moreover, our societies seem to be developing a kind
of “fear addiction” in an aseptic universe. The search for thrills becomes
the rule for an intensification of the relationship with the world or for
self-assertion. From then on, we “play at being afraid”. In this respect,
fear constitutes a negative intangible resource, even if it only appears as
such in a hollow.

For example, the Leblanc process, which was the result of the blockade of the
French empire under Napoleon I and the effects of deforestation, made it possible to
produce soda ash in the Marseille region. Sodium carbonate used to come from plant
ash (algae or Salsola soda and other saltwort plants, like samphire) or wood
combustion ash (rural application) or natural sodium carbonate deposits (e.g.
Egyptian natron). “In 1783, the Academy of Sciences offered a price of 2,400
pounds to anyone who found a way to obtain sodium carbonate from sea salt. The
solution was found in 1789 by the French chemist Nicolas Leblanc after a research
project initiated in 1771.” According to Wikipedia (2018), the industry was
operational in 1791.
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According to the same source and Perrin and Scharff (1993), the Leblanc process
was based on the following three chemical reactions:

— hot sulfuric acid is mixed with sea salt to produce sodium sulfate and chlorine
gas (often discharged into rivers) according to:

2 NaCl + H,SO4 — Na2S04 + 2 HCI (hot reaction)

— reduction by charcoal mixed with sodium sulfate (8 > 950 °C, with, according
to Guillet (1908), variable qualities depending on the distribution of heat in the
furnaces, but consumption exceeding 0.5 kg of carbon per kg of sulfate):

Na,SO, + 4C — Na,S + 4 CO (toxic gas) and Na,SO, + 2C — Na,S +2 CO,

— calcination of sodium sulfide to produce sodium carbonate (6 > 950 °C):

— NaQS + CaCO3 i N32CO3 + CaS

Calcium sulfide (CaS) was, at the start of the process, released into the
environment and hydrochloric acid was, in France (but not in the United Kingdom),
recovered. When reduced, this sulfide was used to produce sulfur. The sodium
carbonate thus produced, soluble in water, can be recovered by washing with water
and then evaporating the water. These various operations require a variety of
equipment such as chemical reactors, mills, mixers, separators, contactors, purifiers
(see, for example, Millet 2008), material transport, and storage. These elements will
be described in chemical engineering as unit operations constituting, in a way, parts
of a mechanic for the realization of a global process, applied to a given
transformation. Indeed, in this example, we find most of the tools still in use in the
chemical industry today. However, as a result of an inductive approach, the
optimization of local processes in economic, environmental, etc. terms was not the
priority. Moreover, the high cost of the product made it possible throughout the
19th Century to maintain rural activities based on processes for using ash from wood
combustion.

With the Solvay process, this situation changes. Called the ‘“ammonia-soda”
process, it was developed in Belgium in 1863 (then in 1873 in Dombasle in Lorraine
thanks to the simultaneous presence of sodium chloride and calcium carbonate) and
is still used today. The process is simpler, less expensive than the Leblanc process
and is at a pivotal time in industrial development in the Western world (Breton
2008). From this stability of production processes, a sometimes-doctrinal field could
be deduced, why not certain forms of orthodoxy, considering as immutable the link
between need and production: stability of methods, stability of demands from relays,
stability of solutions. Moreover, a system that has proved its worth, of large size,
“having a captive market, producing simple products that do not involve the
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implementation of complex products, will tend towards a bureaucratic operation
characterized by a strong formalization of rules” (Alter 1999).

Habit becomes [...] a great thing, structuring individuals socially

because it makes them forget themselves in the small, unimportant

gesture: the more commonplace it is in everyday life, the more

powerfully it is structuring. (Kaufmann 2001)

Figure 1.1, based on Guillet’s data (1908), shows a fourfold increase in French
production between 1870 and 1900, illustrating the transition from a craft activity
pushed to its limits to the emergence of a new industrial age (with current world
production of 45 million tons of sodium bicarbonate/year, a factor of around 200
globally 1900, but a factor of only 4 for France alone! (Conso-Globe 2018)).
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Figure 1.1. Soda ash production between 1866 and 1902 in France

This result is interesting in that it demonstrates, since the beginning of the 20th
Century, a globalization of knowledge and processes for the transformation of
matter and energy. With the chemical process defined, how can we develop
competition between companies at the Western and then global level?

What can we think of this part of Lauth’s letter (1879):

In the organization of our teaching, there is not even a school where a
teacher who wanted to carry out this program could be a part of
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[transforming a scientific fact into a practical result]. Our chemical
industries are increasingly taking on a scientific character; the factory
is no more than a large laboratory in which victory will remain at the
most learned.

Does university science obscure its evolution towards reasoned practice?

Grossetti (2004) reminds us, partly because of the aftermath of the 1870 war,
that: “The creation in France between 1883 and 1914 of technical institutes in
universities and the almost simultaneous development in the United States of
technological universities are one of the steps in the institutionalization of research
‘for engineers’.” But it is in a country where environmental conformity is not
celebrated that the concept of chemical engineering will emerge. MIT can serve
as a model for a technological university, what Etzkowitz (2002) calls an
“entrepreneurial university”, whose creativity and depth of reflection allows

research to be of interest to industry (knowledge commercialization).

In this pivotal period before the First World War, an 1896 document, quoted by
Cameron (1982), tells us that:

The change [...] was sudden and violent. The great inventions were all
made in a comparatively short space of time [...]. In a little more than
twenty years all the great inventions of Watt, Arkwright, and Boulton
had been completed, steam had been applied to the new looms, and the
modern factory system had begun.

This is what we can sense in the description of the manufacturing processes for
soda ash. It goes without saying that the increase in productivity (see Figure 1.1) has
been linked to mechanization, that is, the displacement of traditional operator skills
by machines, Taylorism, and unhealthy conditions in new industrial cities (Usher
1920).

In practice, there is probably no scientific creation without the cooperation of a
principle of profusion and freedom, imagination and disorder with respect to
“received rules” and rigorous principles, methods, regulated ordering, criticism and
robust validation. Both modes seem necessary and, of course, must “work” together,
which can limit the efficiency of an overly closed strategy and lead to paradoxical
injunctions for the “harmonious” functioning of research oriented towards
technological development. Domains are emerging in a dynamic allowed by the
unprecedented development of digital technology and the possibility of creating
increasingly complex and sometimes customized objects and/or products (see
Figure 1.2). They are an integral part of the industry 4.0 concept. For the time being,
as suppliers of the material and energy needs of technology leaders, the mass
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process industries are rather behind compared to digital technologies. But without
these ever-improving productions, is there a salvation for digital achievements?

Indeed, what remains to be done to ensure our viability if not inventing new and
increasingly sophisticated techniques to solve the problems created by the old ones as
they arise? The principle of the achievement of freedom for all has been replaced by
the direct influence of technologies and new habits on the interactions we have with
each other and with nature.
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Figure 1.2. Change in production methods of manufactured products

1.2. The emergence of chemical engineering

Recently, new disciplines have emerged from a synthesis of practical
and theoretical interests. Thus, computer science was built from a
machine and segments of older disciplines such as electrical
engineering, psychology and philosophy. Materials science and other
fields such as nanotechnology, which are on the list of key technologies
of all nations, have emerged in the same way. (Leydesdorff and
Etzkowitz, quoted in André 2019, p. 64)

The rapid development of the chemical industry at the end of the 19th Century
and in the 20th Century triggered a need to standardize processes, to separate the
body of these engineers from industrial chemists (and especially from “general”
chemists) and from other engineering disciplines, such as mechanics. The main idea
was to design optimized processes for the transformation of matter and energy from
simplified elements. This allowed the transition from an efficient technology to an
integration science with specific methodologies (Bohme et al. 1983), the basic
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building blocks of the domain that will be recalled in this book. This specialization,
which was supposed to have disjointed knowledge from many other disciplines,
first translated into technological know-how, has been transformed into an
interdisciplinary field called chemical engineering, partly and through the creation of
the journal of the American Institute of Chemical Engineers (AIChE). The
nucleation was born, both at MIT and in England. Davies’ book (1904) can serve as
the English starting point for this new discipline (Furter 1980, 1982; van Antwerp
1980; Cohen 1996; DGCGB 2017).

For Divall et al. (2008), “originally, the term ‘chemical engineering’ (and its
related terms, such as chemical engineer) was an ad hoc neologism based on a
confusing relationship between its two supposed parent domains, chemistry and
mechanical engineering”. Andrew Abbott, quoted by these authors, would have
considered that the emergence and development of science and technology fields
cannot be understood in isolation from other emerging fields. Chemical engineering,
because it is useful for industrial development, effectively competes with other
fields of engineering sciences, such as mechanics and thermal engineering, but with
interdependencies that are complicit with this new field, which has a specific pillar,
the transformation of matter and energy.

However, from a rhetorical point of view, it is indeed a science which, through
experimentation, leads to reproducible results (and, in this sense, meets the criteria
of Thom 1986). Unlike sciences further from the transformation of matter, there is
no applicable chemical engineering without matter, except that it is always possible
to develop mathematical models involving the vectors of causality (see Figure 1.3).
But, since the chemical synthesis that will be at the heart of the reactor (but not only
there) does not always have a very high level of intimate knowledge (environmental
effects, inhibitors, temperature sensitivity, etc.), the data applied in reality may not
have all the right precision criteria desired, leading, using Thom’s (1986)
expression, to speak of “diffuse causalities”. This situation has led to the autonomy
of the domain, which, in reality, has only a cousin relationship with mechanics.

However, in the logic of a transformation of industrializable matter, there is only
a partial place for process engineering, as it only very rarely intervenes in the first
instance of this development (which for a long time conferred on it an image of a
serving science, or even of a simple supporting technology). Figure 1.4 from
Giroudiére (2000) positions process engineering in this industrialization process
(which generally lasts several years).
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At MIT in 1888, influenced by developments in German universities (with
substantial financial support from domestic industry (Burhop and Liibbers 2010))
and a series of conferences on the operating practices of the British chemical
industry, presented by George E. Davis at Manchester Technical School in the
United Kingdom, Lewis M. Norton created the first chemical engineering program,
by combining mechanical engineering with industrial chemistry. In 1891, MIT
awarded seven bachelor’s degrees in chemical engineering, the first of their kind to
be awarded. After 1893, Frank H. Thorpe took over the course. “Outlines of
Industrial Chemistry”, published in 1898, is considered one of the first chemical
engineering textbooks (Freshwater 1989, MIT ChemE 2018). However, from a
historical point of view, it was the industrial need related to the First World War that
imposed, through a much-increased demand, a certain standardization and better
rationalization in processes, which has led to a preference for emerging knowledge
in relation to the know-how of industrial chemical practitioners. This effect was
further amplified after the Second World War, as evidenced by the reports of Bush
(1945) and Steelman (1949).

As is often the case, a number of skills that were developed during these periods
of high stress translate into recognition by society as a legitimate discipline for
industrial development. However, this recognition in legitimacy has not been so
easy, as each learned organization from chemistry to mechanics wishes to keep
chemical engineering in its midst. There were a number of critical breaks, as
happens in a quest for autonomy with a certain “societal corporatism” (Divall et al.
2008).

What has been the strength of the field since the beginning of the previous
century is the integrative concept of unitary operation, which takes into account
different elements, such as heat transfers, material and energy flows, various devices
such as those related to evaporation, distillation, etc., which are applicable design
elements (to varying degrees) for all chemical plants, whatever the product
considered (see for example, the book by Walker et al. published in 1923). These
bases have thus introduced a coherent order into chemical engineering, which makes
it possible to affirm that unitary operations, by reducing the arbitrariness of the
expert approach resulting from industrial chemistry, are very important
characteristic elements, in that they have revolutionized chemical engineering since
MIT at the very beginning of the 20th Century (Cohen 1996; Rosenberg 1998, pp.
168-191).

The concept of transport phenomenon, later, can be considered as a
generalization based on partial differential conservation equations and their
solutions in the presence of chemical transformation (Bird et al. 1960). These
balance sheet equations of various origins have contributed to the unity of
professionals, not only in the United States, but also more broadly (Churchill 2007).
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Thus, chemical engineering has survived and prospered for more than 100 years,
while other branches of engineering have disappeared. This survival is attributed by
Churchill to the integrating factors defined below, with the risk of generalizations,
simplifying concepts and dangerous analogies.

In a reductive way, chemical engineering could probably be described as starting
from two pillars — unit operations (already well developed in the 1920s and 1930s)
and transport phenomena (developed in the late 1950s) — and identifying chemical
reaction engineering as a third pillar. It was built on autonomous knowledge relative
to the science of the time because it did not provide the knowledge necessary to
understand system dysfunctions. The pooling of knowledge within the framework of
integration has thus resulted in the emergence of a scientific discipline, initially
based on learning processes.

Figures 1.5 and 1.6, from Freund and Sundmacher (2008), illustrate what is
meant by unitary operation associated with functional modules.
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Figure 1.5. Flowchart of a process combining several unit operations. For a color
version of this figure, see www.iste.co.uk/schaer/process1.zip

However, the field is and remains broad. It is developing in many directions, and
according to Costa et al. (2006), a consensual framework for this young discipline is
not stabilized (see also (Voncken et al. 2004)). Moreover, according to Bousquet
(2008): “Since 1987, and under the impetus of Jacques Villermaux, the concept of
process engineering, which is none other than chemical engineering, has been
established in France each time it is applied to material transformation process
industries other than the chemical industry” (see also (Perkins 2002)).
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Figure 1.6. Sequence of functional modules

As we have understood, this is indeed an engineering science, close to
technology and the applicability of methods; it therefore has no reason to be stable,
always digging in the same place. But, at the same time, this situation may suggest
that it is a somewhat “corrupted” science, drawing its research from frontier objects
where chemical engineering techniques (or now processes) are used or, in a more
conceptual way, exploring new fields of study directly related to the theme (for
example, by studying situations where traditional chemical engineering paradigms
are challenged, such as exploring non-linear systems, the effects of micro-fluidics in
PE, etc.).

To paraphrase Grangier (1986), the stabilization of the domain first of all makes
it possible to describe and, above all, to make people understand the meaning, the
methods that allow experiments to be transcended and their possible limits to the
rationalization introduced by the integrating concept of chemical or process
engineering. Achievements are naturally found in training and research at the
frontiers. In short, “to identify the presuppositions of a scientific practice, to
establish the inventory of a system of concepts, to define the zones of
indeterminacy, to recognize logical paths and extra-logical approaches: in this alone
can an epistemology be constituted” (Grangier 1986). Chemical engineering has
flourished because of several factors, including the more widespread and efficient
use of balance equations and dimensionless numbers that constitute integrators that
allow for analogical comparisons. However, for Churchill (2007), “many of the
generalities, simplifying concepts, and analogies in current textbooks, handbooks, and
even computer design packages are wrong or obsolete and should be deleted or noted



14  Process Engineering Renewal 1

to be only of historical interest. The radical changes that are currently afoot in
chemical engineering and in the world in which it is currently practiced can be
expected to make many more obsolete or irrelevant, thereby creating a need and/or
opportunity for the formulation of new ones”. These aspects will therefore be
discussed later in the book.

Before taking up this historical approach to examine how the discipline has
spread outside of English-speaking countries, it seemed useful to recall some of the
basic elements that characterize the field. In fact:

Although increases in productivity as a result of the use of mechanical
power and machinery were admitted, most accounts stressed the use
of child labor, the displacement of traditional skills by machinery, and
the unwholesome conditions of the new factory towns. For most of its
history, for most people, the term industrial revolution has had a
pejorative connotation. (Cameron 1982)

The rationalization of processes and the inclusion of working conditions in them
have been decisive in this evolution. Giroudiere (2008) recalls:

The development phase, which is more substantial in terms of human
and experimental resources, can vary from 1 year to more than
10 years for complex processes to be implemented. This phase will
focus on the only chosen path. It includes the determination of the
basic data necessary for the extrapolation of unit operations, the
choice and design of chemical engineering equipment, integrating
safety and environmental impact on the one hand, and operating
principles on the other hand, and guaranteeing the product’s use
properties.

It has therefore been a rather slow process of transformation, linked not only to
cultural but also to financial aspects (but also to heavy conservatism in some
countries).

1.2.1. Balance equations

According to Le Goff (1965), these equations can be grouped together in Table
1.1: in a system, it is a question of knowing different types of balance in the
presence of a transformation of matter: matter, total energy, mechanical and thermal
energy, balance of quantity of motion. These concepts will be further developed in
the presentation of current chemical engineering training courses and will therefore
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not be developed further here (and go a little further than the concepts already
introduced in 1904 by Davies in the United Kingdom).

Material balance

(output flow) — (input flow) + (accumulation rate in the volume)
= (creation speed in the volume)

Mechanical energy balance

(increase in mechanical energy of the fluid as it passes through the system)
+ (mechanical energy dissipated in friction)
= (mechanical energy supplied from outside by the machines)

Thermal energy balance

(increase in heat carried by the fluid as it passes through the system)
+ (heat transferred to the walls by conduction and radiation)
= (heat produced in the system by exothermic reactions)

Movement quantity balance

(flow of movement quantity carried by the output flow) — (flow of quantity
of movement provided by the input flow rate) + (quantity accumulation rate
of movement in the volume) = (resulting from external forces)

Table 1.1. Balance sheet equations in chemical engineering

1.2.2. Dimensionless numbers

Gazing at the myriad of different forms and rhythms, [we]
contemplate patterns, relationships and telltale signs. How happy it
would make us to come upon a clue or a formula that was a key to
some unifying principle. In proportion we find a strategy to do this
[...]. (Hemenway 2008)

This is the identification of a dimensionless characteristic variable that
eliminates or minimizes parametric dependence on other dimensionless variables.
The objective is to transpose results from one scale to another, in particular
(principle of similarity):

To reproduce a process studied on a small scale (model) at the same
scale as the industrial scale (prototype): we then proceed to an
enlargement (scale-up).
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To predict the behavior of a process on an industrial scale (prototype)
using tests conducted on small equipment (model); a scale-down is
then performed. (Delaplace et al. 2014)

These numbers are not only the subject of chemical engineering specialists, but
also of heating engineers, mechanics, etc., but their use already makes it possible to
make the difference with industrial chemistry.

For example, the Reynolds number, Re, widely used in chemical engineering, is
the ratio between inertial and viscous forces. It is expressed through the relationship:

Re=V.L/v

with:
— V the characteristic velocity of the fluid [m/s];
— L the characteristic dimension[m];

— and v the kinematic viscosity of the fluid [m2/s].

What is useful to the engineer is that the Re increase makes it possible to
distinguish four main regimes: Stokes, laminar, transient, and turbulent. Even if the
Re values can be considered as approximate (V and L may only represent an order
of magnitude), it is already possible to access essential flow characteristics. Other
dimensionless numbers are used and will be introduced during the course of the
work:

Disjunction and reduction are therefore the two main aspects of a
simplification paradigm whereby scientific thought either dissociates
itself from inseparable realities without being able to consider their link,
or identifies them by reducing the most complex reality to the least
complex reality. (Wolf 2009)

BUCKINGHAM’S THEOREM — If we have n system variables, and k fundamental
quantities (length, time, mass, etc.), we can define n-k numbers without independent
dimensions that define the system (see for example (Seon 2018)).

Table 1.2 presents, as illustrative examples, the main dimensionless numbers
used in process engineering for material and energy transformation processes.
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Name Symbol Expression Meaning of the word
. . . Material transfer at the interface/
Biot material Biv koL/De material transfer within a particle
Thermal Biot Bi; hL/A, Heat transfer a‘t tl'le 1nterfgce/heat
transfer within a particle
Dan.lko.hler Da KC,™ 't Space tlme/reac.tlon characteristic
Criterion time
Froude 5 . .
Criterion Fr N-d/g Inertia forces/gravity forces
Nusselt Heat transfer by convection/heat
Criterion Nu hdp/ transfer by conduction
P'ecljct Pe uL/D Materla'l transfer by copvecFlon/
Criterion material transfer by diffusion
Prandil Pr uCy/A Motion diffusion/heat diffusion
Criterion
Reynolds . . .
Criterion Re pud/p Inertia forces/viscosity forces
Schmidt . e e
Criterion Sc w/(pD) Motion diffusion/material diffusion
Sherwood Sh Kkedo/D Material transfer by convection/
Criterion pEP material transfer by diffusion
Prater Temperature gradient within a
Criterion B De(-AH)C/AT) catalyst particle
Thiele > 05 Chemical reaction/material transfer
Criterion ¢ [(LHDO)] by diffusion within a particle

Table 1.2. Examples of the main dimensionless numbers used in process
engineering for material and energy transformation processes
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Name Symbol ST unit
Acceleration of gravity g m.s™
Calorific capacity Gy Jkg' K
Reaction heat AH J.mol-1
Material transfer coefficient kp m.s’!
Heat transfer coefficient h W.m?2 K"
Characteristic length L m
Diffusion coefficient D m’s™
Effective diffusion coefficient within 2 -l
a particle De m-s
Thermal conductivity A W K
Effective thermal conductivity within a particle Ae W.m K
According
Kinetic constant k 0;3;12 £
reaction
Concentration C mol.m™
Characteristic dimension d, d, m
Characteristic dimension of a particle L = Vparticie/ Aparticle m
Density mass p kg.m™
Reaction order n -
Space time T ]
Temperature T K
Viscosity of the fluid n Pa.s
Flow velocity u m.s’
Kinetic rate r mol.m> 5!
Stirring speed N s

Table 1.3. Representative examples of dimensionless numbers used in PE
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1.3. Diffusion of chemical engineering in France

In France, and, in particular, in Lorraine after the disaster of the 1870 war, it was
necessary to show our German neighbors that the country intended to develop
economically. It was on this basis, between this date and the beginning of the First
World War, that technical institutes were created (a little like in Germany!). Thus, thanks
to the dynamism of academics such as Ernest Bichat and Albin Haller, with substantial
financial support from Ernest Solvay, the city and the State (one million francs at the
time!), the Chemical Institute (now the Ecole nationale supérieure des industries
chimiques) was created in Nancy in 1887. In the minds of the promoters, it was a
question of introducing more science into industrial production to improve the
competitiveness of French companies, particularly in the face of German
competition (with a new border located less than 30 km from Nancy). Following a
donation of 100,000 francs to launch his projects, Haller presented his ideas on the
relationship between “science and industry” at a conference organized by the Société
Industrielle de I’Est (Birck and Rollet 2015). The aim was to introduce to France
scientific disciplinary specialities that are not present in the country, such as
electrochemistry, with the task of linking the academy to industry (if only through
joint and paid expertise).

It was at this point, as has been pointed out, that in English speaking countries
chemical engineering was created from industrial chemistry and the emergence of
new engineering sciences such as mechanics or thermal engineering. At MIT, in
Boston, the idea of an “entrepreneurial” university was born in the same period, with
a more proactive approach than in France, which, like Germany, continued to
develop its skills in industrial chemistry. At MIT:

Filtration, sedimentation, grinding, distillation or electrolysis are
examples [studied in chemical engineering]. A process is then the
sequence of several of these operations. Rather than studying each
process separately, it seems more interesting to the proponents of
chemical engineering to develop and teach these basic elements
directly with the objective of extrapolation to an industrial scale.
(Grossetti 2004)

It was only after the Second World War that French (provincial) engineering
schools began to focus on chemical engineering, in Toulouse with Joseph Cathala
(who had worked in the United Kingdom) and in Nancy with Maurice Letort and
Pierre Donzelot (who would have slowed down the Toulouse project). Maurice
Brulfer, a former member of the Institut de Nancy and president of the Union des
industries chimiques at that time, strongly supported the development of chemical
engineering (perhaps a little more in Nancy). Pierre le Goff, an eminently creative
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and enterprising character, was one of the first chemical engineering teachers in the
school that is now called ENSIC.

Instead of having a complementarity, a fruitful partnership with Toulouse, the
domain is not emerging under the best conditions in France. This situation, with the
success of process engineering having become so legitimate that it is now taught in
chemical engineering schools, is now considered to be a thing of the past. However,
this short history reveals a ruptured functioning (an import of chemical engineering)
linked to forms of follow-up culturally rooted in the subconcious of decision-makers.
But that’s another story.

Today, process engineering research units and French engineering schools have a
qualification that is appreciated by manufacturers. But tomorrow?

1.4. Training in chemical engineering

An engineer is a person who has successfully completed a long
theoretical and practical higher education, scientific, technical and
technological, capable of responding within a given time with the
material and financial means defined, to an industrial problem that
will suffer an economic sanction. (Roby 2014)

Jacob Bigelow, at the beginning of the 19th Century (1829) was at the origin of
the English language system of engineering training (see MIT). In France, this also
served as an engineering training model designed as a “problem solver” (Forest et
Faucheux, 2013). According to Grossetti and Detrez (2000), this activity of
decomposition into specific processes (unit operations), largely distinct from the use
they allow, is part of the basic corpus of specialized chemical engineering training
and/or processes. Extrapolation is thus allowed, as indicated in section 1.1, without
the creativity part being significantly affected.

According to Forest and Faucheux (2013), “this relative concealment of design
in the curriculum is harmful because engineering schools have clearly favored the
Platonic reason model (Le Moigne 2002) and abandoned the ingenious reason
model”. The creative and innovative aspects (incremental and disruptive), based on
an adventure pedagogy, are today only very imperfectly part of the training of a
chemical engineering specialist, which is, as we can understand, the heart of this book,
because the need to change which was valid a few decades ago is becoming even more
acute.

And yet, for Gaston Berger (1962), the engineer’s activity is based on “science
whose human ends are affirmed and systematically sought. The technician, the
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engineer in his current practice, does not use any truth that does not come from a
particular science, but it is up to him to make an original synthesis of it. There is
technique only where there is purpose”. “Action that is as reasonable and lucid as
possible, applied to the pursuit of human ends: this is the true definition of
technology. Engineering does not suppress technology: it uses it or improves it”
(Berger 1964). It is good that there is a general question asked by decision-makers
and that it is necessary to find optimized means to achieve it (Bhaskar et al. 2000),
putting the “process” engineer in an expert position to deal with problems that are
now classic. On this basis, it is indeed the “toolbox” of chemical engineering that
has been and continues to be the subject of sustained attention from educators (and
this is what has constituted the success of this young discipline). According to
Karpik (2010), three types of product exist:

— standard products, goods that are part of the normal functioning of the
market;

— differentiated products that are characterized by their heterogeneity;

— singularities, which, unlike the other two, are not taken into account by
economic theory.

These unique products stand out for the multidimensional nature of
their qualities, their immeasurability and the radical uncertainty as to
their future value for the consumer.

In the prospective analysis proposed to the reader, it is shown that humanity
faces a number of difficulties — including environmental ones, according to
Hoffmann (2000), and the All Saints’ Ceiling Rule, cited by Ayache (2018) — that
require a specific perspective from specialists in the transformation of matter and
energy (but not only these specialists).

In this field, the future can be the “child” of the past. Future developments may
be based on the current dynamics of research and engineering developments,
organizations and concepts, knowledge of emerging needs expressed, new
opportunities arising from major scientific advances, and finally the availability of
personnel and financial resources:

Unless adequate technological forecasting studies are undertaken to
enable us to relate development options to resources and requirements,
our achievements may fall short of our needs, and a degrading
environment and quality of life may force us into costly crash
programs. (National Research Council of the USA 1971)
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To quote Berger (1964) again:

Each invention allows us to solve old problems, but in fact new ones
appear immediately, in another field. We are caught in a movement
that, far from slowing down, is accelerating. Let’s not expect to make
any effort and then rest. Our very progress requires us to look further.

The acceleration of Kondratieff’s cycles and the emergence of new demands
therefore require revisiting PE training to dynamically anticipate needs. By giving
the floor to Germinet (1997), the point is confirmed:

Challenges for engineers: they must know how to do, in other words,
capitalize on experiences and rules to be designers and specialists.
They must also know how to understand, solve puzzles, find a
solution to a problem, if they want to be able to assert their authority.
Finally, they must be able to combine by experimenting, innovating
and acting as project managers.

According to Roby (2014), “the engineer himself is produced by the school in
order to reproduce according to its idea of industrial needs. It is seen as a factor of
production, not as an innovative and disruptive seed that poses the real problems
(relevance) without care (impertinence)”. There are therefore strong elements that
campaign for a reinvention of PE training (National Academies 2005).

In addition, “New Public Management” is defined by Drechsler in 2005 as:

the transfer of business and market principles and management
techniques from the private into the public sector, symbiotic with and
based on a neo-liberal understanding of State and economy, The goal,
therefore, is a slim-lined, minimal state in which any public activity is
decreased and, if at all, exercised according to business principles of
efficiency.

This paradigm is reflected in the strengthening of links between research centers
in the public domain and industry, which allows the possibility of developing
training in research—higher education relations (see also (Gingras et al. 2001, Heil
2010) and Article 25-1 of Act No. 99-587 of July 12, 1999 on innovation and
research).

Among the more traditional changes desired in particular by Costa et al. (2006),
several trends (actually observed since then) seem necessary for the proper
development of the discipline:
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— expansion of the body of knowledge associated with the discipline (Mashelkar
1995; Wintermantel 1999a, 1999b; Wesselingh 2001; Favre et al. 2002);

—adoption of a multidimensional approach to products and processes
(Villermaux 1995; Wintermantel 1999a, 1999b; Charpentier 2002; Grossmann 2003;
Li and Kwauk 2003, 2004; Charpentier and McKenna 2004; Wei 2004a, 2004b);

— green chemical engineering, supporting the chemical industry of the future
(Churchill 2007; Charpentier 2016; UNIDO 2018);

— changes in scale (e.g. (Davis 2009));

— emergence of chemical engineering (product engineering) as a well-established
field of teaching and research.

In 2006, Byrne, in proposing the general model for chemical engineering training,
defined a body of educational “doctrine” for most specialized training in the field, with
the study of transport phenomena (transfer of heat, mass, and quantity of movement)
coupled, or not, with the transformation of matter and energy, with modules associated
with safety and environmental constraints, as well as certain automatic control and
modeling processes, sometimes with economic studies (see Figure 1.7).

Biology (biotechnologies,

Chemistry (chemistry, bioprocesses, etc.)

polymers, materials, etc.)

Particular industrial practices (e.g.
pharmacy, polymers, hydrocarbons,
etc.)

High-level skills (project
management, technical
communication, etc.)

Computer Science

_ T phenomena, etc Business (management,
(automation, artificial

economy, etc.)
intelligence, modeling

testing, etc.)

Environment (renewable energies,

Other professions (HSE, circular economy, etc.)
medicine, law, etc.)

Human and social sciences

Figure 1.7. Generic (optimistic) model of chemical engineering training courses
(HSE: Hygiene, safety and environment). For a color version
of this figure, see www.iste.co.uk/schaer/process1.zip

1.5. A question of image?

In this chapter, it has been possible to show how chemical engineering, which
has become process engineering, has emerged in the technical society. But, as it is a
somewhat “portmanteau” concept, difficult to explain easily to a (French, at least)
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politician, it was necessary to carry out perception surveys among different audiences
on this topic of engineering science in the transformation of matter and energy.

Figure 1.8 answers the question for the general population (with no filter).

2% _ 2% H Set of tools and methods that allow for controlling

the large-scale processing of matter and energy

B Set of methods allowing for producing and
developing scientific knowledge

= Part of physical sciences with focus on the
composition and reactions of matter

B Set of methods used in laboratory research

B Other

Figure 1.8. Answer to the question: “what is chemical engineering?”.
For a color version of this figure, see www.iste.co.uk/schaer/process1.zip

There is therefore a good understanding of what the term “chemical engineering”
means to the public. Another set of questions was asked to targeted populations
about, not what CE is to them, but what the jobs of engineers trained in the ficld are.
The results are shown in Figure 1.9.

B0% T
0% T
60%
50%
40%
30% +
20% +
10% -

(i) General Population

Figure 1.9a. Perception of jobs in different professional branches: possibility of
several choices
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(iii) PE students

1 1l [
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%ﬁi; %@Z%i% ‘:‘b’%‘%@? %‘%}%ﬁ%

*, %4’%,

(iv) PE engineers
Figure 1.9b. Perception of jobs in different professional branches: possibility of
several choices (continued)
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(v) PE teachers

Figure 1.9c. Perception of jobs in different professional branches: possibility of
several choices (continued)

What we can see is that, even if PE is difficult to characterize in detail, whatever
the population concerned, there is a fairly good agreement on the main destination of
engineers trained in PE with reality (OIC 2016).

As we continued our investigation, we asked respondents what they thought of
the general activities related to PE. The results are shown in Figure 1.10.

This industry faces economic hardship

[ B
H2
H3
| K
W5

90

60

30

@ °

Figure 1.10a. Perception of the material processing industries. Agreement with the
statement on a scale from 1-5, with 1 (blue, on the left) strongly disagreeing, and
5 (purple, on the right) strongly agreeing. For a color version of this figure, see
www.iste.co.uk/schaer/process1.zip
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This is a very polluting business

120 m
']
H3
| K]
K

60

(i) °
This discipline is not indispensable

240 m
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3
| K
|
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(iii) o

There are a lot of possibilities in terms of
technological innovations
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m
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120

80

40

(iv) °

Figure 1.10b. Perception of the material processing industries. Agreement with the
statement on a scale from 1-5, with 1 (blue, on the left) strongly disagreeing, and
5 (purple, on the right) strongly agreeing (continued). For a color version of this figure,
see www.iste.co.uk/schaer/process1.zip
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There are only big companies
120 B
m
LK
| B
ms

30

)

It is a dangerous activity

120 B

|
K
¢
| B
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30

(vi) °
Companies are concerned about

environmental aspects

120 m

H:
[ [
[ K]
| H

(vii) ©

Figure 1.10c. Perception of the material processing industries. Agreement with the
statement on a scale from 1-5, with 1 (blue, on the left) strongly disagreeing, and
5 (purple, on the right) strongly agreeing (continued). For a color version of this figure,
see www.iste.co.uk/schaer/process1.zip
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Big Companies earn a lot of money

n

| K
| 13

80

40

(viii)

Figure 1.10d. Perception of the material processing industries. Agreement with the
statement on a scale from 1-5, with 1 (blue, on the left) strongly disagreeing, and
5 (purple, on the right) strongly agreeing (continued). For a color version of this figure,
see www.iste.co.uk/schaer/process1.zip

While some errors can be identified, the brand image of the business is quite
satisfactory. Among the remarks, in Figure 1.10a(i), the material and energy processing
sector, considered to be in moderate economic difficulty, is in fact still growing, but not
with the same performance as the digital sector; the deteriorated image of chemistry is
shown in Figure 1.10b(ii), while companies respect environmental constraints. The
Seveso disaster and some other accidents maintain, via the media, this vision of
polluting chemistry; with regard to Figure 1.10b(iii), the respondents consider the
interest of material and energy production well, while for the public, these operations
are hidden; there is a very favorable view in terms of innovations in Figure 1.10b(iv),
while the purpose of this book is to push for strengthening this aspect; Figure 1.10c(v)
is interesting in that the opinion sees rather medium-sized companies, which in terms
of plants is generally validated, but they are often linked to international groups; the
answers are ambiguous in Figure 1.10c(vi) with regard to risks, whereas the chemical
industry has a very low accident rate at work (much lower than the construction
sector); given the deteriorated image of chemistry and regulation, companies are
concerned about environmental aspects, as shown in Figure 1.10c(vii); finally, the
opinion on the ability of industrial groups to earn a lot of money is interesting, no doubt
because the transformation of matter is associated with energy (Figure 1.10d(viiii)):

Because it essentially consists of transforming, modifying, and
synthesizing elements, chemistry is considered fundamentally unnatural,
associated with an aseptic and “dehumanized” imagination. Chemistry
as a science is emerging in people’s minds as the positive and “purest”
side of chemistry, while industry forms its negative side. There are
therefore two perceptions of chemistry in the collective imagination:
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one that worries or frightens, on the one hand, and one that convinces
and gives hope, on the other. (UIC 2018)

Third, we wanted to know what the respondents thought about the profession of
process engineer. The result of the consultation is shown in Figure 1.11.

100%
90% —

He/she He/she He/she He/she
manages is the designs worsz -
a team project software alone in
leader his/her
office
He/she designs He/she He/she draws He/she
and sizes does up and do;g
industrial facilities research manages repetitive
budgets works
(M)

50% — e

40%
T " 1 i |
309 S i m—" 1 s |
20%
I i m—" 1 s | — -
A B - - - . b
I I I I e Jim——u}
o N NN IHIE BN BN =B =
Ina Ina Often
factory laboratory expatriated
In front of In his/her Always
his/her office moving
computer

(i)

Figures (i) and (ii) refer to persons not related to PE

Figure 1.11a. Perception of PE engineers’ jobs
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80%

70%

50%
40%
30%
20%

10%

He/she He/she He/she Other
is the designs works )
project software alone in
leader his/her
office
He designs and He/she He/she He/she
sizes dimensions does draws up does
industrials research and manages repetitive
facilities e budgets works
(iii)
Often I Other
factory laboratory expatriated |
In front of In his/her Always
his/her office moving
computer
(iv)

Figures iii and iv refer to students not involved in PE.

Figure 1.11b. Perception of PE engineers' jobs (continued)
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)

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

& 0 vnempioyea )
‘ Company dj_tector ‘ Teacher-researcher ‘ Executive

(vi)

Figures v and vi are the responses of people involved in PE
(the last one indicating the profile of the respondents).

Figure 1.11c. Perception of PE engineers’ jobs (continued)
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This spectrum of skills, seen from outside or from the experience of specialists in
the field, illustrates the variety of activities and ways of serving the mission. They
are consistent with most engineering activities in OECD countries.

NOTE.— By transferring to the PE domain, what Pillai and Bezbaruah (2017)
published on the social perception and attitude aspects of nanoparticles and
nanotechnologies, Figure 1.12 highlights the different parameters to be considered,
in order to have an understanding of the desirability (and rejection) of a technology.
In the case of the PE, which is largely invisible to the lay public, the image is neither
negative nor positive at the bottom, which is not quite the case for chemistry (see
also Cobb and Macoubrie 2004; Burri and Bellucci 2008; Berube ef al. 2011).

1.6. Placement of engineers with a degree from French grandes écoles

It is difficult to have information and/or statistics on the placement of process
engineering graduates at a European level, but the latest data we have collected, at the
informal level of the European Chemical Engineering Federation', show that the labor
market is doing well, and that young people from European training courses with a
Bachelor’s degree in process engineering (currently!) have no difficulty finding their
first job. Moreover, in France, PE engineering schools are fairly well-placed in the
hierarchy of schools, as indicated in the recent report of the Usine Nouvelle (2019).
We are in the presence of a student’s market, but for how long?

At the National School of Chemical Industries (ENSIC), the latest survey”
conducted by the Conférence des grandes écoles and the Feédération Gay-Lussac
(pioneering network of engineering schools) in 2018 confirms these trends: young
graduates are easily integrated into industry. More specifically, more than half of
engineering students (51%) found their first job before graduation, and almost a
quarter (22%) within two months. The average time to access employment is 1.2
months, and almost all new hires (97%) have a managerial position, most of them on
permanent contracts (85%).

On average, six months after graduation (some students graduate in September,
others in December, as a result of curriculum extensions), only 6% of students in the
2018 class (which had 140) are still looking for work. In addition, 76% are in
professional activities, 10% in thesis (this proportion is indicative of the good health
of the market, the number of engineers continuing in thesis increases when

1 https://efce.info/.

2 https://ensic.univ-lorraine.fi/sites/ensic.univlorraine.fi/files/users/pdf/metiers-carrieres/placement
2018_promos2013-2014-2015-2015-2016-2017.pdf.
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proposals decrease), 3% in pursuit of studies (same trends as for thesis
prosecutions), and 4% in voluntary work.

The positions held are still in the traditional professions of process engineers:
production and operations (29%), research and development (24%), studies and
consulting (12%), or technical assistance (7%). Similarly, the sectors of activity
remain those that traditionally hire process engineers: chemical industry (23%),
consulting firms and design offices (16%), energy (12%), agri-food industry (5%) with
an increase in jobs in the pharmaceutical industry (24%). Finally, as regards
geographical distribution, 19% work in the fle-de-France region, 64% in the
provinces, and 17% abroad. Average annual gross salaries vary from nearly €42k in
France to nearly €53k abroad.

At the National School of Engineers in Chemical and Technological Arts
(ENSIACET), the data show the same trends for’ the two departments of chemical
and process engineering: more than half of the graduates of the CE (50%) and PE
(58%) departments had signed a contract before leaving school, and 17% of them
within the following two months. Most contracts remain permanent contracts (72%)
in large companies (with more than 80% of jobs are in companies with more than 50
employees).

The functions of young graduate engineers also include research and development
(25% in CE and 13% in PE), studies and consulting (18% in CE and 28% in PE),
production (16% in CE and 13% in PE), and technical assistance (8% and 9% for both
departments). The sectors of activity seem identical to those of ENSIC students:
chemical industries (34% in CE and 21% in PE), consulting and engineering (22% CE
and 26% PE) energy (6% CE and 13% PE) and environment or agri-food (10% CE
and 7% PE). There is also no major difference in the geographical distribution of
graduates from these two ENSIACET departments: 27% work in the ile de France
region and 24% abroad. On the other hand, average annual salaries seem a little lower,
from €33 to €35k. Perhaps the figures are not discounted, or given in net salaries?

Finally, at the National Superior Engineering School of Industrial Technologies
(ENSGTI), the data on the hiring of graduates’ remain the same: 2.3 months of
average time to find a first job, 95% on permanent contracts and 75% in
management positions. The professions occupied by graduates of the ENSGTI’s
“Processes” course also concern studies and consulting (29%), research and
development (15%) and production (14%). The sectors of activity also fall within
the same fields, except for the chemical industries: design office (28%), energy

3 http://www.ensiacet.fi/fr/relations-industrielles/emplois-et-carrieres/observatoire-premier-emploi.
html.
4 https://ensgti.univ-pau.fr/entreprise/insertion-professionnelle/.
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(30%), agri-food (5%) or eco-industries (10%). The average salary is of the same
order of magnitude as for ENSIACET graduates, equal to €32k per year.

This first comparison of the three main engineering schools in chemical
engineering and process engineering in France shows that young graduates do not
have any major difficulty in finding their first job, and that the functions performed
and the sectors of activity are indeed those targeted by the training.

More generally, the latest analysis of the employment of engineers (IESF, 29th
National Survey of Engineers, 2018) confirms the trends observed in chemical and
process engineering: an unemployment rate much lower than the national average
(3.4% compared to 8.9%), down between 2016 and 2017, as well as a better
integration of the latest promotions. These observations also show an increase in
recruitment rates for all engineers — particularly in the agri-food, pharmaceutical,
and energy industries, and even difficulties in recruiting in some areas, such as
engineering companies.

About 93% of salaried engineers are on permanent contracts and 96% have
executive status. Then there are 16% who work abroad, and the highest expatriation
rates are in the extractive industries (35%), chemical industries (21%), and
pharmaceutical industries (31%). Engineers are mainly engaged in research and
development (32%) and production (20%). The average salary at the time of hiring
is €34k gross per year. The statistics of the three chemical engineering schools in
France are consistent with these latest data.

Non-engineering scientists (master’s and/or doctoral graduates) seem to be
slightly more affected by unemployment (5.1% compared to 3.4% for engineers).
They are less numerous in industry and service companies, as well as in large
companies. They are also more present in administration and research, as well as in
the public sector. Their salaries increase slightly less than those of engineers over
the course of their carcers. However, these latter statistics have been obtained from a
relatively smaller number of staff than the total non-engineering scientific
population.

It is difficult to obtain such statistics at a European level. The few published
studies concern both the fields of chemistry and chemical engineering (Salzer et al.
2015) and are not very recent. At the American level, the DataUSA” sites and the
Bureau of Labor Statistics’ show that chemical engineering engineers work in the
chemical industry (35.5%), the pharmaceutical industry (17.4%), and refining
(11.8%), for an average salary (all ages combined) of $105k per year. Growth

5 https://datausa.io/profile/soc/172041/.
6 https://www.bls.gov/ooh/architecture-and-engineering/chemical-engineers.htm.
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estimates are 7.5%, slightly higher than the national average of 7.4%. The activities
of American chemical or process engineers include technology in Figure 1.13,
communication, management, complex problem solving and training.

18 47 16

Figure 1.13. Activities of PE engineers (Salzer et al. 2015). For a color
version of this figure, see www.iste.co.uk/schaer/process1.zip

COMMENT ON FIGURE 1.13.— This figure details the skills expected of American
engineers. These include the importance of science, mathematics, critical thinking,
communication in general, solving complex systems, decision-making... and
continuing education. Notions that are easy to teach, all in all! 1) operations
analysis; 2) technology design; 3) equipment selection; 4) programming;
5) monitoring; 6) operation and control of operations; 7) equipment maintenance;
8) repair, quality control analysis, 9) judgment and decision-making; 10) system
analysis; 11) system evaluation; 12) social perception; 13) coordination;
14) persuasion; 15) negotiation; 16) teaching; 17) service orientation; 18) time
management, 19) financial resource management;, 20) material resource
management, 21) personal resource management; 22) complex problem solving;
23) written comprehension; 24) active listening; 25) expression; 26) writing,
27) mathematics;, 28) critical thinking;, 29) science; 30) active learning;
31) learning strategies; 32) control. Arrows: black (technologies); brown
(communication), green (management), blue (problem solving), red (training).

1.7. The PE engineer role

Anyone possessing it does not say, for instance: “Here this or that has
happened, will happen, must happen”. He uses his imagination and
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says: “Here such and such might, should or ought to happen”. And if
he is told that something is the way it is, then he thinks: “Well, it
could probably just as easily be some other way”. So the sense of
possibility might be defined outright as the capacity to think how
everything could ‘just as easily be’, and to attach no more importance
to what is than to what is not. It will be seen that the consequences of
such a creative disposition may be remarkable, and unfortunately they
not infrequently make the things that other people admire appear
wrong and the things that other people prohibit permissible, ox even
make both appear a matter of indifference. Such possibilitarians live,
it is said, within a finer web, a web of hazy imaginings, fantasy and
the subjunctive mood. If children show this tendency, it is vigorously
driven out of them and in their presence such people are referred to as
crackbrains, dreamers, weaklings, know-alls, and carpers and
cavillers. (Musil 1930/2011)

Figure 1.14 from Gosh (2015) recalls the areas of competence of process

engineers.
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Figure 1.14. Reminders on the basics of process engineering

1.7.1. Incremental changes

Normals are the only ones who are willing to leave things as they are;
they limit themselves to the present and settle there without regret or
hope. (Pigasse 2014)

Current training combined with continuing education enables technological
engineers to play a leading role in the development of the material and energy
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processing industries. A number of specific comments that are presented in Figure
1.15 incorporate other qualities/skills completed in Figure 1.16.

w

/ 6

/

Figure 1.15. Skills needed in the training of engineers (According to Bensah et al.
2011). For a color version of this figure, see www.iste.co.uk/schaer/process1.zip

COMMENT ON FIGURE 1.15.— 1) Establishment of a curriculum profile; 2)
implementation of semester modules; 3) development of module outlines; 4) development
of modules (courses) based on competency standards; 5) development of functional
competencies; 6) development of generic competencies.

Job analysis -What to do?

Task analysis — How to do?

| Duties and tasks |

- Knowledge, skills, attitudes, aptitudes
- Security and environment-related concerns

- Tools, equipment, and materials

Performance indicators and achievement requirement

Figure 1.16. Qualities and skills (see Bensah, Ahiekpor, and Boateng 2011)

While engineering education has long focused on acquiring know-how through
the provision of solidly proven and verifiable data (Grelon 1988; Maldonaldo and
Gomez-Cruz 2012; Roby 2014), this historical situation changed significantly after
the Second World War with the rise of innovation and techno-science (Etzkowitz
2008). Moreover, if only for brand image and communication policies, many
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schools have opened up training to new disciplines such as human biology,
humanities and social sciences, economics, etc. The realistic argument is that the
contribution of these disciplines combined with basic knowledge makes it possible
to convey the complexity of the real world (Veltz 2007).

Supervising the production forces of Taylorian industry until recently, the
engineer in charge of a project becomes a “boss” of a micro-enterprise, requiring
autonomy, a sense of team leadership, listening, adaptability, etc. It is time for
cooperation. According to Germinet (1997), a company is not approached by the
“general”, but by the individual. When hiring, a young manager should demonstrate
technical competence, observation skills, conceptualization skills and, if possible,
assertiveness by demonstrating general integration skills.

These different skills will have to be integrated into a new context in which
citizens should/can play an enhanced role to take into account the major trends that
will be widely discussed in Chapter 5 (Sornik and Kleibrink 2015; Hill and Lawton
2018), leading to new skills that engineers will need to overcome the demands
(needs) of the economy in the future, with more radical technological developments
in which science and information technology will have to take a key role (see Table
1.4 from Boston Consulting Group 2015)).

I\Eerng[rgelgﬁs Challenges and opportunities for Europe in 2030
Middle Class Growth: | 1) The working population will decrease by 21 million operators
Opportunities and 2) Radical changes in working conditions will require new job
Risks ergonomics, organizational structures and leadership style
1) Development of the convergence of disciplines, with a
Research significant contribution from research in biology
“Blue sky” 2) Research focused mainly on new generation robotics and
studies on the human brain
. . 1) Growth will be based on breakthrough discoveries but also on
Disruptive

the innovation of the economic model
2) The innovation business model will be driven by the
development of social networks, including suppliers, producers,

technologies and
disruptive business

models
customers, end users, and employees
Complex systems: 1) Unfortunate events can occur on the periphery of stakeholder
integration and networks and lead to disruptions in the production system
(in)stability 2) But the resilient system can be restored
1) Content can be accessible on demand and produced by the
Digital society: users themselves
power, 2) Mass communication through horizontal networks with virtual
communication and real-time interactive exchanges will give individuals new

ways to exchange and produce

Table 1.4. Reminders on the major trends in the
current socio-economic situation that will need to be taken into account
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At the same time, what we are seeing is a “brain drain” of scientists within
Europe, leading to the creation of hubs of excellence, and therefore naturally to a
specialization of knowledge in certain parts of the Union (Van den Wende 2015),
from which a specific attraction for students and specialized training also specific
flows. To convince of the current trends, Figure 1.17 (European Parliamentary
Research Service 2015) illustrates the differences in funding for tertiary education in

Europe.

0.0

0.5

Figure 1.17. Differences between financing
academics in Europe (% of GDP)

An OECD analysis (2015), presented in Table 1.5, also highlights measurable
differences in the distribution of university education in science and technology
(STEM) across the countries concerned, partly in association with their involvement

in secondary industry (more so than in the tertiary sector).

Country STEM (%) HSS (%) Other (%)
China 40 60 0
India 35 53 12

Germany 28 51 21

United Kingdom 22 40 38

France 18 74 8
USA 15 67 18
Brazil 11 72 17

Table 1.5. Differences between the percentage of STEM training in different

countries (other areas may include medicine, health

and/or agriculture) — HSS for “humanities and social sciences”
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Finally, the National Science Foundation (NSF 2015), recalls the great diversity
of jobs based on initial training. Following its 2014 report and after meetings with
experts, this organization is developing, in the same reference, ideas for the future of
the science, technology, engineering and mathematics (STEGMA) workforce. The
main ideas that emerged from the NSF’s work are as follows:

—in STEGMA, the workforce is quite large and essential for innovation and
competitiveness, defined as subcategories of the workforce. For each subcategory,
career opportunities can vary considerably by employment sector, industry, or region;

— the knowledge and skills related to jobs in the sectors covered by STEGMA
make it possible to build dynamic bridges to fill shortages in other sectors. This
approach invites policy makers to focus on ways to increase labor productivity. For
example, what are the respective roles of governments, educational institutions and
employers in activating and strengthening these bridges?

— the activation and strengthening of bridges between jobs in the sectors covered
by STEGMA and those in other sectors is essential to increase the prosperity and
competitiveness of individuals and the nation. The country must ensure that all
individuals have access to high quality education. It should also encourage the
participation of groups traditionally under-represented in the STEGMA sectors (e.g.
minorities and women). This will allow the country to benefit from the capabilities of
all its people and ensure that they can fully participate in a knowledge-based economy
and become globally competitive.

1.7.2. Open-mindedness

To adapt to the growing complexity of his profession and environment, the
engineer of tomorrow will have to strengthen his general culture and his
interpersonal skills without compromising on the excellence of his technical
knowledge. Developments include confirmation of the central role of innovation,
increased internationalization, plus the emergence of societal concerns such as
sustainable development or ethics, strengthening of services, etc. All these
developments are transforming the industry and will revolutionize the engineering
profession in the 21st Century. Their priority? Be more generalist than ever. Of
course, they will always rely on irreproachable technical and scientific knowledge.
But math experts will also have to take care of their interpersonal skills. A recent
global study, conducted by six universities (including MIT) and funded by the
German automotive supplier Continental, encouraged engineering schools to give
more attention to this behavioral dimension. The most advanced are working on it.
Cultivating team spirit and adaptability, developing one’s ethical sense, working on
one’s creativity, but also strengthening one’s general culture to better understand
one’s interlocutors, regardless of their geographical or disciplinary origin: these are
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some of the key skills that the engineer of tomorrow will have to master (Fauvel
2007). Stanford in the USA in the same way directly supports the development of
entrepreneurship (Standford 2015). Table 1.6, taken from the World Economic
Forum (2015), illustrates the trends seen by this organization to promote
employment by relying on openings that emerge from traditional training.

Ages concerned

Considerations

Between 15 and 55
years old

Encourage employees to cooperate with public authorities and
educational institutions in designing curricula and providing formal
education and technical training.

Between 15 and 55

Adapt education and vocational training to the specific needs of
regions and industry, taking into account local perceptions and socio-

years old .
economic contexts.
Between 20 and 60 Promote the .acqulsltlon of es,'senFlal employablhty skllls. throu'gh
cars old formal education through experiential learning for students, including
y internships, employee relations and field trips.
Establish a clear framework for vocational training that is linked to
Between 20 and 60 . . .
academic education and includes transferable standards and
years old . .
qualifications.
Expand the organization’s training opportunities throughout the
After 25 years value chain and provide incentives for suppliers and distributors to
participate in training.
After 25 years Redlrc.ect wo.rk_ers acjcordlng to the chgngmg needs of the industry and
combine training with placement services.
After 25 years Promote lifelong learning through flexible training modules and

programs with transferable qualifications.

Table 1.6. Complements to training courses
to promote employment

1.7.3. Between conformity and creativity

The French are always late, because they have trouble changing their
minds, even in the face of changing facts. (Lenglet 2014)

When we are faced with a holistic reality, we use subterfuge.
(Friedman 2018)
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More thought should be given to the consequences of our aversion to risk, our
immoderate taste for safety and signposted career paths, royal roads in senior
administration and income-generating positions in large groups. In fact, we pay a
very high price for the devaluation of the entrepreneur’s image in French society.
Yes, we have a problem of culture, or rather of economic inculture. The French
understand nothing about the entrepreneur’s motivations, which are too quickly
associated with the lure of profit. A century ago, the economist Schumpeter wrote
very accurate sentences about the deep psychology of the entrepreneur. He is above
all driven by an immoderate taste for innovation, the desire to shake up the
established order, the fight against conformism, the ability to overcome resistance,
to convince and lead his employees to new horizons.

The entrepreneur is an adventurer and a creator. Let us even dare to say that the
entrepreneur is a transgressor who takes a malicious pleasure in changing the rules
of the game. France, that of elitist competitions and the learning of conformity, is
sorely lacking. Our grandes écoles or higher education establishments, because they
have the ambition to attract and train the best, have their share of responsibility.
Both in their selection and in their programs, they do not sufficiently value
imagination, creativity, originality and the taste of risk. The risk, the real risk, is
when it comes, for example, to fight with one’s back to the wall to create a company
and jobs, or to save a company and its employees’ jobs.

The teaching of elite streams must further stimulate the capacity to innovate and
create. He must value the qualities of intuition related to our emotional intelligence
as much as the qualities of rational deduction. And why not encourage boldness,
even impertinence, rather than conformity? And then, our grandes écoles should
confront students with their particular responsibilities to preserve the national
interest (Faibis 2011, 2014; Hachtable 2012):

Demonstration is the systematic way of moving from the acquired to the
new, and it ensures that, if the acquired is valid, the new one is also
valid: it therefore gives conditional certainty. Euclid’s demonstrations
are still valid, as are Bourbaki’s; it is the cement of mathematical
constructions. (Kahane 1994)

In France, the common base of knowledge and skills lists a set of knowledge,
skills and attitudes that every engineering student must master at the end of their
training. This set mainly revolves around the transmission of knowledge — organized
into disciplines — and critical thinking (although we can be pleased to see areas
targeting “methods and tools for learning” (Taddei 2010). As a very French
specificity, our critical thinking training is now necessary, but not sufficient. It is
only one component of what we call 21st Century skills: critical thinking,
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communication, creativity and cooperation. We should therefore focus our efforts on
other skills, in particular creativity (defined as the ability to imagine or achieve
something new, original). With the author of Creating Innovators (Wagner 2012), it
can be argued that teaching creativity is no longer an option, but an essential
component of education. Indeed, while the emphasis was placed on the assimilation
of a sum of knowledge in the past, what matters today for a student is not what he
knows, but what he does with what he knows. Simply put, our industrial age
educational paradigm is now obsolete because we live in a post-industrial world.

Moreover, according to Maldonaldo and Gomez-Cruz (2012), the increasing
complexity of engineering requires changes in training and skills to be able to
explore “border problems” in a flexible way; then his mastery of complexity
sciences becomes an asset in international competition. However, it should be noted
that in the fields of material and energy transformation, there are old processes (e.g.
soda ash) as well as innovative processes in fine chemistry. There is therefore a wide
spectrum of activities that must avoid any reductionism in the strategic choices of
process engineering courses.

Moreover, in this post-industrial world, engineering students must, more than
ever, learn to innovate, take risks and fail. As Paul Tough (2013) points out, error is
an important element in the success of the learning process, as is the ability to
persevere. He emphasizes the importance of seven attitudes that every student must
cultivate, such as perseverance, curiosity, discipline and self-control. Therefore,
creativity should be at the center of the learning process. More experimentation and
playful moments are essential, which certainly requires moving away from our
culture of memorization and written tests to move towards diverse learning
situations. We need to put in place times when student-engineers are engaged
learners who use their knowledge as a tool to solve problems in a creative and
collaborative way. Figure 1.18, taken from Deloitte (2015), highlights the different
criteria to be respected for value creation, a virtuous chain in which the engineer
must take its full dimension.

But at the same time, as Hegedus (2005) points out, they will have to continue to
master traditional knowledge. The example of chemical reaction engineering shows
four types of reactive systems that depend on the nature of the transformation
reactions of the material. Almost certainly, the knowledge dedicated to these
operations should continue (Figure 1.19 on the next page). See also (Dudukovic
2010; Dudukovic and Mills 2015).
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Consumer demand:
Personalization/customization;
Consumer becoming creator

Nature of products: Value . Production economy:
From silent to intelligent spectator; creation vs Models and increased innovations;
Development of platforms; From value caplure "Acceptability” and boosted
product to service desirability
Value chain economy:
Towards elimination of intermediaries; Consumer
commitment with accelerated imnovation
Figure 1.18. Value chain
Iligh cost and ’ Fine chemistry Batch processes « Specialty chemistry

low volume

Low cosl but

high volumes ‘ Commodity chemistry |“Performance” chemistry‘ Continuous processes

*

Molecular compound Formulation or customized
products

| R&D in PE | | Ré&D in Chemistry/products

Figure 1.19. Stability of chemical reactor selection modes according to
the nature of the transformations considered

1.8. A sociological approach to future students

What do we think of this statement: The children now love luxury,
they have bad manners, contempt for authority; they show disrespect
for elders and love chatter in place of exercise. Children are now
tyrants? Socrates is the author. Or this one: When fathers get used to
letting their children do what they want, when teachers tremble in
front of their pupils and prefer to flatter them, when finally young
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people despise the laws because they no longer recognize, above
them, the authority of nothing or anyone, then it is there, in all beauty
and youth, the beginning of tyranny. It is from Plato, in 347 BCE.
Conclusion: The question of ‘differences’ between generations is not a
new one. (Richer 2018)

If only because of the considerable development of branches of National Institute
of Information and Communication Technology (NICT), it is no longer possible to
link men and women together as was done in the past. This simple observation leads
to the necessary changes in pedagogical terms that need to be clarified. Economic,
political and technological transformations and globalization, as well as the
accelerated development and dissemination of knowledge in all fields of human
activity, are making it increasingly difficult for knowledge to monopolize. For
example, Figure 1.20, taken from EUA Publications 2015, shows the integration of
internationalization processes into training and education in European universities.

1

Figure 1.20. Integration of internationalization processes into training
and teaching in European universities (%). For a color version
of this figure, see www.iste.co.uk/schaer/process1.zip

COMMENT ON FIGURE 1.20.— This figure highlights the different modalities of
internationalization of student programs: 1) student exchanges;, 2) teacher
exchanges; 3) professional placement/student internships;, 4) participation in
international advanced education networks; 5) strategic partnership with selected
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foreign institutions, 6) curriculum taught in English; 7) international marketing; 8)
summer schools; 9) internationalization in the country of origin, 10) international
Student recruitment campaigns, 11) capacity-building projects with partners in
developing countries; 12) curriculum taught in a language other than English; 13)
MOOC — Massive Online Open Course and other online training; 14) campus
abroad.

The advent of ICTs marks a revolution in the production and dissemination of
knowledge, on a scale equivalent to that brought about by the arrival of writing and
printing. Historically, knowledge was carried by teachers, by masters, but new
actors are now intervening. Knowledge is now available when and where it is
wanted, and this leads to a whole new relationship with knowledge among the new
generations, which challenges institutions and methodologies. The teacher-student
relationship is profoundly altered by the possibilities offered by ICT (Tubella 2015).

However, the hypertextualisation of the Net, broadband and search engines have
accustomed us to the immediacy and availability of information. We can no longer
wait and we get angry when we don’t find the online information we are looking for.
However, some believe that it is increasingly difficult to focus on topics that require
analysis and understanding. NICTs not only change our habits, but also make us
adopt new ways of thinking and permanently change the way our brains work
(Neerdael 2014).

1.8.1. Heterogeneity of the university framework

The university’s ability to form an institutional framework therefore depends
essentially on the social actors, their will and strategies; it is therefore a weak, non-
directive and very heterogeneous “institution”. According to Georges Felouzis
(2001), this conclusion sheds light on the root causes of the university crisis,
understood as its competition with the grandes écoles, and its failure in terms of
elite training. The increasing heterogeneity of the academic world, its increasing
submission to the capacities of its agents to transcend the lack of managers, makes it
highly vulnerable to institutions that are on the contrary characterized by a strong
ability to offer students a normative environment (see the comparisons made
between Finland, Denmark, Ireland, the Netherlands and Switzerland in (MEC
2015)). It is the democratization of higher education, in a context of unequal
allocations of resources between the different parties, that is directly at stake. There
is therefore a need to reform the university system in order to give the institution the
means to carry out its democratization mission: one of the approaches proposed is
that of university colleges, renamed here “medium universities”, specifically
dedicated to the first cycle, in a context of real care for students, both in terms of
material resources (places, resources, supervision) and adapted teaching methods.
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But the elitist principle persists, which translates into social origins that represent
only a very imperfect representation of the population in the fields of engineering.

1.8.2. Cultural developments

We differentiate between technology, behavior and lifestyles. Lifestyles are
transmitted from generation to generation through oral communication, as well as
through the people around them. Cultural change is the transmission of culture
through society. This is achieved through oral communication, the social
environment and different behaviors. This change has always existed, but the
process has become more complex over time. According to Malinowski (2004),
cultural change gives the notion of “culture” a very broad meaning. Culture
encompasses all social phenomena, it is an “organic unit”; by studying the culture of
a population, we study institutions and their interactions. Around the rise of ICT,
changes and developments related to their multiple and complex uses are
developing. However, the world is experiencing a technological force and a steady
development of digital cultures, which is the source of new socio-economic and
cultural regulation: social cohesion, mobility, ICT and professional activities,
multimedia in mobiles and security, data protection are among the problems to be
taken into consideration (Licoppe 2009). It deals with the development of mobile
devices, the emergence of a “utopia of communication” and a paradigm, “new
mobilities” that are associated with forms of feedback, but also with rapid access to
knowledge external to pedagogues alone. These different elements are shown in
Figure 1.21, taken from Bauer and Erdogan (2015).
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Figure 1.21. Elements of cultural change
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Information and communication technologies tend to reconfigure the daily life of
the younger generations. Having grown up in a digital environment, they are
inventing a new culture with its specific codes and a metamorphosis of human
relations (Lardellier 2006): the development of widespread entertainment, but an
essential development of a knowledge society (Vryzas and Tsitouridou 2011).
Education is a complex operation that aims to adapt culture to the needs of its
members, and its members to the needs of culture and society. This operation is
therefore not neutral because it has economic and social consequences.

Nevertheless, there are still obstacles (and this is undoubtedly normal) to the
diffusion of information and communication technologies in classrooms, as
indicated in the recent report of the Comité de Valorisation de I’Enseignement du
Québec-Canada (2015), which highlights agreements and disagreements on the use
of these “new” technologies (see Table 1.7). If most teachers use them, there may be
tensions about implementation in the “field”.

Strongly Agree Disagree Strongly | Don’t

N/A
agree agree know

Question

A colleague who uses
devices for non-teaching|  20.7 19.9 26.7 29.2 0.8 0
purposes bothers me

When I use a digital
camera in class I feel
like I’'m disturbing the
teacher

8.8 25.6 32.2 20.8 6.1 6.6

Ditto but oriented

5.6 14.5 37.5 31.4 44 6.7
towards colleagues

My neighbors’ screens

: 13 25.1 32.1 27.5 0 0
distract me

The ringing and
vibration of the devices 384 40 12.2 7.3 0 0
bother me

The sound of keyboards

bothers me 8.4 17.6 30.7 39.6 1.4 0

I don’t like to see my
colleagues using their 11.3 17.8 30.6 35 4.3 0
digital equipment

Table 1.7. Mixed relationships between NICTs and students
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1.9. Conclusion

[...] mainly the outcome of purely modern conditions (rapidity of
communication creating a greater complexity and delicacy of the credit
system) have rendered the problems of modern international politics
profoundly and essentially different from the ancient. (Angell 1911)

Lamarck wrote in 1808:

We know that every science must have its own philosophy and that it is
only by following this path that one makes real progress. In vain,
naturalists will consume their time describing new species, grasping all
the nuances and small peculiarities of their variations to expand the
immense list of listed species... If the philosophy of science is
neglected, its progress will be unrealized, and the entire work will
remain imperfect.

For more than a century, the estate has stabilized and maintains its technical
legitimacy.

Process engineering is, it should be recalled, an Engineering Science associated
with the study of the transformation of inert or living matter and energy, for
application or finalized purposes. It is based on the acquisition of robust scientific
knowledge to control these transformations by integrating all phenomena and
processes (multi-scale and multi-physical) and their couplings (complexity as seen
by engineers). The presence in the “scientific system” of centers of engineering
excellence constitutes a specific potential for national and international
attractiveness and influence, from which the economic world can benefit. This is
how it is possible today, with an interdisciplinary vision, open to other disciplines
and to society:

— to promote industrial innovation through the development of new processes or
products, services, organizations, and business models in order to develop the
competitiveness of companies;

—to support the transformation of all innovation stakeholders (companies,
institutions, research, companies, citizens, etc.) towards responsible innovation
(seeking a balance between economic development, reducing environmental impacts,
and respecting societal and ethical values).

However, as will be discussed in this book, anyone who dares to question the
procedures accepted by the majority of the scientific community risks being
considered as deviant, non-compliant — but their work wont’t be. It will be
considered uncontrollable until the day a happy idea passes into the economic field.
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However, it is often by formulating different questions that new avenues of research
are opened up for us. It is a fundamental balance between expert conformity and a
sometimes-disturbing creativity that will be required.

Creativity and organization (real, often different from the one displayed) do not
always go hand in hand. Organizing a human group means setting up a certain
number of means, rules, procedures or values aimed at ensuring the effective
cooperation of its members. It is in a way an attempt to channel individual actions,
to reduce uncertainty and unpredictability in order to shape collectives for
operational efficiency and desired performance. The research and training system
has therefore been set up for deviants who have “succeeded” well in a period of
strong growth. However, creativity and innovation promote deviance and upset the
established order. It is therefore a very difficult art in the West, where the
transformation of matter and energy drone on too much in a context where risk-
taking and entrepreneurial spirit are lost:

The myth of a happy convergence of technology, production and
consumption masks all political and economic counter-purposes. How
indeed could a system of techniques and objects conceivably progress
harmoniously while the system of relations between the people who
produced it continued to stagnate or regress? (Baudrillard 2005)

On this basis, in a world under various constraints, presented in the next chapter,
there is therefore room for reflection on the public utility role of engineering
sciences, and in particular process engineering:

In mathematics we suppose, in physics we pose and establish; there
are definitions, there are facts; we go from definitions to definitions in
the abstract sciences, we walk from observations to observations in
the real sciences; in the first, we strive evidence, in the last we strive
for certainty. (Leclerc 2018)

And in process engineering?

This imagination is absolutely amazing. But instead of using it to
advance our knowledge, dogmatics restricts it and almost completely
eliminates it: we learn the “truth” and then must either forget the rest, or
completely dissociate it from the realm of truth and give over to poetry.
This leads to a dry and boring science and unintelligent poetry. We can
already see here that the dogmatic approach will not only influence the
sciences. It will mould every activity of human life, emotions as well as
thought. (Feyerabend 1999)
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The daily dereliction [feeling of abandonment, loneliness] in which we
operate tool systems that refer to each other, engages us in cycles of
goal-oriented actions, the latter being stages in the functioning of tool
systems, and nothing else. When it comes to choosing an action or
performing it with reference to a value as oppose to a return of
ustensity, the existence plunged into daily dereliction becomes helpless.
(Puech 2016)

The scientist is always subjected to uncultivated scientific people who
use him/her to establish their power, their ambitions, without even
knowing how to evaluate the dangers of the actions they choose. (Vidal
2011)

Companies don’t like to take too much at the [doctoral level]. The
researcher is then too experienced, they already have many opinions on
many things. They prefer more malleable young people, debauched at
the master’s level, who can ingest their corporate culture without asking
too many questions, and who will grow with the company. (Professor
Archibald, Research Chair in Human Retrovirology, Universit¢ du
Québec a Montréal cited by (Heil 2010))

Science at its most interesting is provocative, surprising, counter-
intuitive and difficult to plan — and those are very difficult values to
institutionalize in an organization or bureaucracy of any size. I have
seen my own grant proposals get chewed up and rejected with
comments like “typically bold, but wildly ambitious”, and wondered
why it is wrong to be ambitious in one’s research — but perhaps that is a
conclusion fully consistent with science by committee. (Quake 2009)

The decision to embark on an innovative enterprise cannot be the result
of a rational risk assessment, because the rational risk assessment will
always lead to not undertaking and maintaining one’s executive job or
position as a project manager until better days for entrepreneurial
openness. (Martinaud 2012)

It would be a great mistake to think of the content of chemical
engineering science as permanently fixed. It is likely to alter greatly
over the years, in response to the changing requirements of industry
and to new scientific discoveries and ideas for their application.
(Danckwerts 1966)

One of the weak points of the chart was that it kept no log of the
calculations that were made: the work disappeared as it was
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completed. Impossible to verify the accuracy of a calculation unless it
is repeated. (Hemenway 2008, translated from the French)

A revolution in energy sources had to occur [...] along with the storage
and measurement of a newly mobile energy — before humans and
objects could be drawn into a fresh, objective dialogue, into a conflict-
laden dialectic. (Baudrillard 2005)

In competition for senior positions, an individual who wastes energy
seriously questioning the limits and costs of development has no
chance of achieving a “brilliant” career. (Cérézuelle 2011)

The French reaction is to protect the acquired when it is already
obsolete. (Brunet-Labbez 2013)
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