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Role and Importance of Chemical
Engineering in the Specialty Chemicals
Industry - A Point of View from Process
Development

Lukas Doulakas, Pascal Larpin, Horst Maire*, Laurent Menoud**

Abstract: Chemical engineers offer many skills perfectly in line with the requirements of the specialty chemicals
industry, especially within process development. One of the main tasks of this department is to recruit and train
young talent. A chemical engineer helps in defining new processes, improving established products and
solving EHS (environment, health and safety) issues. Thus, the chemical engineer takes an active role in the
main stages of a product life cycle and fosters through his communication skills cooperation with other
colleagues working in different fields, such as production & engineering, product management, technical
services. In order to fulfill the industry requirements, the Higher Institutes of Technology are encouraged to
continuously offer the best education in chemical engineering.
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1. Introduction

The basic questions, which finallysafety (EHS) aspects and are well pre-
lead to this publication, are: pared to take over other responsibilities

Even though the authors are working in Do we need chemical engineers in thie the company.

process development groups within Ciba specialty chemicals industry?

The main objectives of a PD group are

Specialty Chemicals Inc. the present artt- Is a process development group thiéae development of inherently safe, relia-
cle reflects our personal point of view right entry point for young chemicalble, reproducible, robust processes at low

and is based on our specific experiences. engineers?

cost for new or existing products respect-

The opportunity to explain, particularlys Do chemical engineers play an imporing quality constraints and legal EHS
to young students, current industrial tant role in industrial process develrequirements. In order to fulfill this mis-

processdevelopment (PD) in a realistic
way has been our main motivation.
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opment? sion, PD groups consist often of an opti-
When considering all aspects, posimum balance between chemists and
tive and negative, which currently influ-chemical engineers, where PD chemists
ence and lead process development actiw- PD chemical engineers work in multi-
ities in the specialty chemicals industryskilled teams, where the chemical engi-
or what PD offers young talent, the anneer is the connecting link between tech-
swer to all the above questions is clearlyical (such as production & engineering,
yes! quality control) and non-technical services
One important task of PD is the re{such as product management, marketing,
cruitment and training of young ta-product safety & registration, research).
lent and future managers. Assuming afno explain the role and importance of the
ideal group size, where continuity angbrocess development, we chose the main
exchanges could be guaranteed, withostages of a product life cycle as a thread.
affecting the necessary skills, a young
graduate (male/female) will stay about
3-5 years in PD, where he/she receives Process Development and
and experiences his/her basic training Product Life Cycle
the company. After this period, which
serves as preparation for their future ca- The different aspects of process de-
reer, they are well acquainted with prodvelopment work could be discussed and
ucts (chemistry, processes), productioiiustrated in an exemplary way, when we
(plant, installation, equipment), workinglook at the ideal product life cycle as
methodology, environment — health shown in Fig. 1. Itis obvions that not eve-
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ry product will follow this profile, but the
development work must be made as if fa
an ideal product as described in the qual
ity management (QM) procedure. Durin
the different phases in a product life, th
role and the required knowledge wil
change with the problems encountere
In a general way, the product life can b
subdivided in two main periods, whic
are separated by the launch of the pro
uct, or, more precisely, when the produ¢
passes to the responsibility of productio
The subdivision in ‘New Products’ and
‘Range Product’ reflects precisely this
fundamental difference. During the firs
period the product is fully integrated in
the ‘innovation process’, where team
(Often headed by marketlng or R&D Develpmeni Itruduction Laromih Bllmiuirity Tkeswniirn
consider all questions and problems to .
solved up to the launch. On the othegig. 1. sales and cash flow during the product life cycle
hand in the second period, when the

product becomes a range product, pro-

duction takes over the responsibility.

Let us have a look now at what happens

typically during the above-mentioned

phases.
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2.2. Growth simply the product of margin multiplied

2.1. Development & Introduction Once on the market, the producby volume (sold quantities), the process

When considering the features in thignters into competition with existingdevelopment in collaboration with pro-
phase, it is obvions that quantities argroducts. If our perception of the advanduction & engineering can only affect the
rather small: before the first introductionfages (and disadvantages) of our produttenefit by improving the margin, thus
only lab or pilot samples are availablethe positioning and the marketing stratdewering the production costs. And you
When the process development is irgy were correctly made, the sales wikkan assume that the sales price will de-
volved, research work is almost complegrow more or less rapidly. Then it becrease all the time. If we have the ideal
ed and the chemistry is more or less dgéomes increasingly important that thease, that our product is still protected by
fined. Following the decision based ommargin (simply said the difference beinternational patents, the most important
a business justification to bring such &een sales price and total productiotask of the process development group is
product to the market, the registration ofosts) in Fig. 2 is maximum and enougto guarantee the lowest production costs
the molecule will start and, for productsapacity is available; in addition increaspossible in order to remain competitive
foreseen to be used in ‘food contact’, aghg EHS problems must have beeand to raise the hurdle for our competi-
plication approvals are needec.d. solved. Supposing the company benefit isrs after the patent protection has expired.
FDA, GMP, FPL). Project teams will be
set up, composed of colleagues from re-
search, product management, marketing,
registration, production & engineering,
quality control and process development
In order to bring the product to the mar- ==
ket as quickly as possible (catchword: .
‘faster time to market’) we are asked t T v
accept compromises: first productio
campaigns will take place in existing fa
cilities, which are often not completel
suitable for our chemistry; our process i
not fully optimized, EHS problems ar
only solved in a semi-optimal way (suc
as incineration of mother liquors instea
of solvent recovery), production costs ar
still too high. There remains a large po
tential for process optimization.

Valumo

Importance
of EHS

=
T
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Fig. 2. Development of volume, sales price and

= T
‘total production costs (TPC)’ -
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2.3. Maturity 3. The Role of Process document, a complete risk analysis must

If a product reaches this phase of itBevelopment within the Different be carried out, which is time-consuming
life, we are often confronted with a veryPhases in a Product Life and is always a special task performed
curious situation. The whole process (in- in groups consisting of representatives
cluding solvent recovery units, waste ga3.1. New Products from production and process develop-

treatment) has been optimized over a At this early stage in product life, thement and other specialists such as safety,
number of years. Specific skills andlevelopment work is best comparable tmechanical and electrical engineers. Be-
knowledge have been built up and docuhe research work at the university. Teause timetables are always ambitious,
mented. The quality is under control antbllow a product from its birth (first trials this time must be taken into consideration
the production costs are (sufficiently)n lab, then pilot), over the project workon the schedule. From the chemical engi-
low. It is normal that the process develfe.g. definition of product properties, neer, a clear picture and knowledge of the
opment decreases or stops its activitiggocess optimization, identification ofnew process is needed, as every last
related to this product. When enteringelevant parameters, reaction kineticsninute process or technology change
this phase, the process developmepteparation of launch), until the firstcould affect the risk analysis! The chemi-
group ‘loses’ more and more specifibatch is in production creates in mostal engineer must apply the best method-
product know-how. The main reasons arases a very exciting and satisfying jolmlogy as economical and time constraints
that development is now working on othThe chemical engineer must build upend to skip the pilot phase, thus intro-
er products; PD must also face a high ragpecific knowledge about the product anducing a lab process directly into full-
of personal fluctuation (especially withthe process, and a lot of open questiossale production.
the chemists and chemical engineers) anéed to be answered. Besides, an understanding of non-
unfortunately a reduced personal strength Once a market justification is estabehemical processes is not only desirable
in a difficult economic situation. lished for the product, marketing will putbut also indispensable. Chemical engi-
In addition, the production staff mighton pressure in order to have this produceers may have slight advantages in such
have realized a number of minor processanufactured under ‘real’ conditions ortases because of their wide-ranging edu-
changes to solve specific (everydaya production scale. One of the cruciatation compared to pure chemists, even if
problems, which could lead, at least, to problems during this first introduction iswe clearly need both of them in the proc-
different or modified process. All togeth+to match the defined quality, which muséss development.
er we could end up with process that ise representative of the future require- Although the productisin a very early
out of control, where the production is nanents. Nevertheless, quality deviationghase, some of the future work to be done
longer able to deliver the product on timare quite normal at this early stage and welll be already defined and identified at
within the required quality and quantitywill follow the ‘learning curve’ as quick- this stage. The process choice with the
To counteract such a non-desired evolly as complete has been our former devalefinition of raw materials, solvents and
tion, process development groups muspment work. This means that we neespecific technologies defines at this stage
be close to production (especially in kewn integral understanding of parametemotential future problems such as supply
production sites), with a group size whiclwvhich may influence the product qualityproblems with ‘exotic’ raw materials,
enables us to do our work in a suitablespecially after a scale-up. It is worthwaste gas treatment, solvent recovery of
way and finally an active personal rementioning at this point that during eacomplex mixtures, control of special
cruitment is necessary to anticipate futurgcale-up, not all physical effects like mixtechnologies and disposal of solid waste.

personal changes. ing (micro, macro, time), heat transferSuch problems, and this is only a small
shear stresses can be kept constant at sie¢ection, become more and more impor-
2.4. Downturn same time. We need to know what th&ant when larger quantities must be pro-

Now the last phase is entered, whemost important effects are. And quite freduced. This explains clearly the impor-
further cost reduction becomes nearlguently we have to find the right comprotance of the role of chemical engineering
impossible, if PD has correctly done itsnise between two or more parameterand of the process development work at
homework up until now. The focus of deFinally in such cases, chemical engineethkis stage.
velopment work becomes more and moteave to finalize the optimization proce- Another crucial pointis the identifica-
concentrated on the last remaining potedure, such as stirrer speed, on the produmn and anticipation of mid- or long-term
tials for cost reduction. The companyion scale. requirements. Decisions have to be made
might need to accept higher risks in terms Due to small initial volumes, it is evi-frequently on the marketing forecast,
of quality; e.g.less quality control could dent that the required production capacityhich is based on a multitude of assump-
be acceptable, because the proceisdow, and therefore problems relevant tbons. This might lead to an investment in
should be under control. However, highdeEHS are smaller, but never zero. Tha period where the (cumulated) profit is
risks in terms of safety will never beproject team will or may accept non-optistill negative.
accepted! mal solutions in order to accelerate the

In order to avoid or to prevent the unmarket launch. But to avoid misunder3.2. Range Products
desired downturn of sales, R&D andtandings: legal EHS constraints must ab.2.1. Improved Processes
product management try to add specifiways be observed and for safety aspects, For a product in the mature part of its
features to the product, which could be aghe Company will never accept a comlife cycle, the responsibility is then hand-
interest for our customer®.g. special promise! To strive for the highest safetyd over to production staff. However our
sales forms trying to re-start a new cyclstandards is part of our philosophy. colleagues still need team support from
of life. For new products, the role of chemiPD in order to optimize the process and

cal engineer is to develop a reproducibléecrease production costs. In the growth
and cost competitive process and edit th@hase of the product life cycle, the chem-
manufacturing procedure. As part of thigcal engineer helps in decreasing variable
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costs (raw materials) by reducing th&mum process set-up, a choice must lmnsumers. Then comparing the theoreti-
excess reactant and increasing the yielchade between either debottleneckingal demand with the effective require-

using among other methods incrementakisting equipment (more or less statument, we put in evidence the biggest en-
step improvements (EVOP), factoriabuo for the process) or purchasing neergy consumers (losses higher than 15%)
plan, and basic reaction engineering teckgquipment allowing the ideal process teuch as solvent recovery units and con-
niques. Often, due to the volume effect®ie reached. One of the challenges thimuous working unit operation.

small incremental improvements could¢hemical engineer and the whole team

help save several hundred thousand CHRave to face is parallel work on running

Such productivity improvements are alproduction. 4. Chemical Engineer:

ways possible and not in contradiction Role and Perspective

with a high-quality development during3.2.3. Environment, Health,

launch phase. The latitude for optimizaand Safety Our description of the role of the

tion and debottlenecking is mainly within ~ Together with capacity projects, theehemical engineer in specialty chemicals
the domain of scientific and technical inimportance of EHS problems is proporshould help young talent to better under-
novation, such as new catalyst discovertipnal to production quantity; that meansstand our needs. Nevertheless, whenever
better solvent and catalyst regeneratiofgr mature products with big productiordiscussions with students are undertaken,
and new technology such as membraneslumes, specific and high-tech solutionene question is regularly asked: ‘What is
New computer technologies such aare usually needed to improve the ecdhe role and the future of a chemical engi-
process simulation and advanced modefficiency. In order to respect and eveneer in industry?’ Many reasons may
ling also allow further improvements oranticipate regulations, EHS equipment ise hidden behind this question such as
product cost. very often associated with investmeniack of industrial knowledge, uncertain-
With regard to fixed costs, the role ofsee the step in EHS level in Fig. 2)ty, fear, accidents in industrial plants,
PD is to apply chemical engineering tavhere a definitive and efficient EHSmergers and re-organization. Whatever
specific fields such as decreasing energplution must be available. As procesthe reasons are, a lack of communication
consumption, solving EHS issues and r@wner, the chemical engineer participersists between the chemical industry
ducing waste production. A special focupates in designing the unit, followed byand universities: let us take the opportu-
is given to solvent recovery units, as thestart-up and handover to production. Theity to give the point of view of chemical
deal with both energy and waste. task of continuously reducing the enviengineers who asked the same questions
An interesting fact to point out is thattonmental impact of our products ané few years ago.
incremental improvements made directlynanufacturing procedures is certainly a
by the production over several yearkey element and one that definitely re4.1. General Outlook
often lead to reduced process contrgjuires better support during the education All engineers employ mathematics,

(correlating with quality problems),of young chemical engineers. physics, and engineering skills to over-
because the process could be now be dif- come technical problems in a safe and
ferent (introduction of ‘process change.2.4. Energy and Raw Materials economical fashion. Yet, it is the chemi-

procedure’). In this case the chemical en- In direct connection with EHS as-cal engineer alone that draws upon the
gineer is asked to re-invent the whegdects, energy consumption and waste avast and powerful science of chemistry to
(that means going back to the formeof high interest to decrease cost. Espselve problems. He uses computer tech-
process). Communication skills are necially within Ciba Specialty Chemicals, anology to optimize all phases of the prod-
essary to find out the history behind thetrong focus is presently put to both topact life cycle and therefore needs to un-

problem. ics, as the company has established amberstand how to apply computer skills.
tious goals to decrease the energy amte designs equipment and develops
3.2.2. Capacity raw material consumption — assumingrocesses for large-scale chemical manu-

Following process optimization aimedhat less raw materials translates to le&scturing, plans and tests methods for
at increasing productivity, the sales couldiaste. In collaboration with PD, producimanufacturing the products and treating
(should) reach such a volume that ntion & engineering have initiated actionghe by-products, and supervises produc-
more idle capacity is available in producto encourage day-to-day actions (bette¢ion. The studies at technology universi-
tion; so further growth will only be possi-utilities management) and in paralleties help him to acquire all the knowledge
ble after a substantial investment. identifying the big consumers and exnecessary for these tasks. The wide range

With this positive outlook of growing press the energy efficiency unit per unibf courses on offer covering mass, mo-
sales, PD plays an important role as pro€or a mono-product plant, the cost ofmentum and energy balance, thermody-
ess owner. On the one hand, by offeringteam is very often the highest cost blockamics and chemical kinetics are well
the sum of expertise and know-howvollowed by electricity and cooling wa-adapted to requirements of industry.
gained during the launch and growther. Overall and specific energy balances However, a chemical engineer in the
phase, including statistical process analgre set up to identify potential fields folindustry is mainly occupied with finding
sis and feedback from past mistakes. Omprovement. For example, applyingappropriate solutions even under difficult
the other hand, after the analysis of thechniques such as pinch technologyonditions (cost and time restrictions,
situation and if latitude is given, time forhelped to decrease the energy consunyiifferent languages, safety poli@tc).
innovation is open. As a member of &ion. As steam is the major block cost, iThis aspect and the responsibility to take
project team, the chemical engineer with second example, we developed a sp#ecisions are the main differences be-
cover fields such as process design, reagific tool to measure the steam consumpween industry and university.
tion technology, and new process techion on-line and indirectly through con-
nologies. Finally, based on previouslensate flow. Using this tool, we were
experience and innovation in case of omble to identify more than 90% of steam
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4.2. The Chemical Engineer as neer spends a lot of time providing eco-
Universal Engineer nomical answers to increase the safety
Many companies are under greaif installations, clean-up yesterday’s
pressure. The competition never sleepsaste and prevent tomorrow’s pollution.
and it is no secret that high-quality prodThe working methods in the field of EHS
ucts at aggressive prices originatingpllow well-defined rules and require rig-
mainly from Asia permanently attack therous methodology. The first part of this
worldwide position of Swiss (or Euro-work consists of collecting safety data.
pean) companies. Constant high-qualitfhe second part consists of detecting and
products, innovation and cost reductioelaborating dangerous situations like risk
are some of the best answers to this probt explosion, runaway scenariesc. Fi-
lem. The chemical engineer helps in alially, finding and introducing appropri-
three domains and faces therefore maiye solutions to minimize the risk (risk =
of the same challenges that other profeprobability x severity) is the last step be-
sionals face. Despite a title that suggesfsre a process can be run.
a profession of narrow specialists, in fact
chemical engineers must be extremely
open-minded and have to be able to ha&- Future Prospects for a Chemical
dle a wide range of technical problem£ngineer
One of his/her prime skills and responsi-
bilities, however, is that of the cost reduc- Following the main stages of the
tion. product life cycle, the tasks of a chemical
Under cost reduction, we do not onlyengineer are numerous, as numerous as
refer to the classical field of optimizationthe number of partners within an interna-
of older products by improving theirtional company. Thanks to his education
conversion, saving energy or decreasirig an institute of technology such as
waste. But also cost reduction alreadgTH/EPF, there exists little doubt
starts when launching a new productoncerning the future prospects of the
Existing capacities have to be utilized inehemical engineer. The classical oppor-
stead of building new facilities or buyingtunities in process development are not
brand-new equipment. It is the art of théhe only domain for interesting jobs, but
chemical engineer to propose the besbmmonly used as a starting point in the
and most economic option. specialty chemicals industry. After a few
Another prime skill lies in the field of years, strategic positions like production,
production. Knowledge of the differenfproduct management, technical market-
unit operationsd.g. distillation, heat ex- ing, and investment project management
change, filtration) is important for theare open for the acquisition of further ex-
global understanding of the productionperience. Many chemical engineers have
Finally, a chemical engineer is predestfound their way into upper management.
nated for all works where balancesq. Outside the chemical industry, the chem-
mass, energy or cost balance) have to lmal engineer’s expertise is also applied in
calculated. the areas of law, education, publishing,
Nevertheless, the wide range of thnance, and medicine, as well as in many
problems that a chemical engineer has tther fields requiring technical experi-
solve may rapidly require more than hignce.
knowledge and experience. Therefore, Unfortunately, chemical engineering
challenging the problems with other colgraduates may also face competition for
leagues is part of his daily work. His skiljobs; however, the possibility of practical
in understanding different fields withouttraining exists and contacts with people
always being a specialist, often provideSom industry surely help to find jobs
the opportunity to run the organisationatven under difficult transient situations.

part of a project. Rest assured, the specialty chemicals in-
dustry will always offer interesting op-
4.3. Environment, Health, portunities for young talent!
and Safety
A very important point is the safety Received: February 19, 2002

culture and the protection of the workers
and of the environment. Many industrial
plants are located close to civil popula-
tions. The future of the chemical industry
can only be guaranteed by running safe
processes with low emission impact on
the environment coupled with appropri-
ate hygiene standards. A chemical engi-



