European Technology Platform
Sustainable Chemistry — SusChem

» Vision Paper: Sustainable Chemistry . The vision fir
2020 and beyond:

— Erhalt der Starkung der Konkurrenzfahigkeit der
européaischen Industrie durch Spitzentechnologie

— Der Standort Europa ist fihrend flr Innovation in
der Chemie; alle an der Wertschopfungskette
beteiligte Partner arbeiten an der Entwicklung
von Spitzentechnologien zusammen

— Durch verstarkte F&E werden kosteneffiziente,
flexible, sauberere und energieeffiziente
(bio-)chemische Prozesse mit hohen Ausbeuten,
vermindertem Abfallaufkommen und maximaler
Recyclingrate entwickelt

— Es werden neue funktionale und intelligente
Materialien und Komposite flir Anwendungen in
Energie, Transport, Kommunikation, Elektronik,
Gesundheit und Sicherheit entwickelt

»  Das Papier wird von mehr als 150 Firmen und
Organisationen aus Europa unterstitzt

h A European Technology Platform for Sustainable Chernistry




Main objectives for R&D In IB

 The discovery and optimization of
strains and biocatalysts

-

 The development and production of
novel, innovative products and

processes in a cost- and eco-efficient
manner

» Make use of renewable raw materials
as additional feedstock
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_ Zeitplan

 Januar/Februar 2006

e Februar 2006 a
e Februar/Marz 2006

* April/Mai 2006

* August 2006

e Kontinuierlich
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Workshop der drei Technologie-
sektionen und der Horizontal Issues
Group zur Definition der
Fachthemen flr den Implementation
Action Plan (IAP)

Erster Entwurf des IAP

Diskussion mit anderen
Technologieplattformen

Workshops zur Erstellung des
endgultigen Inhalts des IAP

Vorstellung des IAP im Rahmen des 4.
Stakeholder Meetings, 27. August
2006, Budapest

Diskussion und Interaktion mit der
Europaischen Kommission
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Fermentation science and engineering
Scope

Fermentation engineering is at the heart of industrial
bictechnalogy Products and active ingredients are
obtained by means of the culivation of microorganisms.
The discipline, therefore, s extremely impartant and has
to benefit from novel developments in molecular bidlogy,
genome research, microbiclogy, biochemical engineering,
process analyses, compuler science and automatic
control Since the modern toals of bicinformatics and
genome research will lead to more and mare optimised
high-performance strains of microorganisms fermentation
engineering has to keep pace with this development.

Fermentation science and engineering conslitute the
workhorse of most bioprocess industries as well as of those
indlustrial sectors making use of ane or more bioprocessing
steps in their flow sheets. This disciplineis at the cross-
section of lfe sciences, chemistry and chemical engineering
and has asits focus the implementation of a cellular
(prokaryotic or eukaryotic) culture within bioreactor
systemns on a production scale.

Research priorities

Microbial physiclogy

The application of specilic stresses may sometimes be
beneficial Particular attention should be paid studying
the physiology of microarganisms under conditions of
exiremely slow growth, because the normal fermentation
process should yield a mavirmum of produd and not of
microbial biomass. Further improvemerts may result from
developing processes working at extreme conditions

of termperaiure and pH, or high substrates and product
concentrations, as is crucial for efficient and

ecanomical fermentation.

Microbioreactors forscreening

Shartening of process development time is required

This includes, besides a knowledge-based approach, the
development of highly parallel cultivation systems in order
to be able to converge the developrnent process rapidly
into an optimised solution. This is why engineering of
microreactors is entering biotechnology. This alsa means
that highly parallel cultivation systems an small scale
woulkd have to be run under conditions met in

industrial fermenters.

A better auformation of processes goes in parallel with

better means of online measurement. Steam sterilisation
il restricts the arsenal of analical taok applied to
fermentation processes. However, there are still a kot of
interesting approaches, which have to be brought to the
level of routine applications. Thus, flucrescence based
techniques together with optical fibres are still very
promising. Optical analyses combined with nurmerical
image treatment may vield important analylical information.

Combination of systemsbiclogy and engineering

The highly parallel techniques of analysis known to end
in"-omics” will rapidly increase in importance. Access to,
for example, the transcriptome, proteame, fluxome, and
metabalome, together with advances in systems biology,
will have a dmmatic influence on process development
for processes of primary importance, although most of
these technigues are sill far from being applicable as
routine methods. However, massive advances may only
be abtained when interdisciplinary tears are formed and
warking together and are receiving feedback of knowledge
from each step of process development Such a sirategy
would help to avoid carrying out experiments under
conditions far from those being expected under

process conditions.



SusChem

S

Metabolic engineering and modelling
Scope

Metabolic engineering is the improvement of cellular
aclivities by manipulation of enzymatic transports and
regulatory functions of the cell, typically using recombinant
DNA technology.

This can for example be achieved via

O Introduction of novel, non-native enzymes (e.g. from
exdremaophiles)in an"optimal’ microorganism, which
has desirable properfies with respectto its specific
grawth rate, genome, stability, process efficiency, growth
requirements, etc,, but which is a non-native producer
of a certain metabolite. The product range of a popular
production sirain can thus be enlarged

O Oplirnisation of micrabial metabalism via manipulation
of enzyme levels. Enzyme levels can be altered
to redirect the metabolic flux towards a particular
melabolite. This entails more than the use of knock-out
or aver-expression mutants. Nowadays the focus
is shilting from massive aver-expression and/or
respectively inactivation of genes, towards fine tuning.

Research priorities

Molecularaspects under industrial c onditions

- systems biotechnology

The comhbination of genamics technigues with evolutionary
engineering (selection of mutants equipped with new,
better and mare enzymes) must be explaited. High
throughput screening of mutants is required to shorten the
development phase of a new process or product. Gaps
inthe knowledge an the regulatory network of cells via
protein-protein interactions, protein-DMNA interactions

etc. must be filled. This also holds for product export from
cells and metabolic compartimentation in eukar yotic cel
lactories. These and other aspects of cellular regulation
shoukd be putinto mathematical models. Crucial in this
respect is that the information about cellular function should
be abtained for conditions prevailing in industrial processes
which inualve stress, slow growth, fluctuations in nutrient
eoncentrations, mixed substrate utilisation (such as midures
of D-glucose, D-xylose and L-arabinase, eriginating from
hinmass hydrolysis), product formation under “zero grawth
conditions”, kinetics of membrane transpart at the extreme
condiions. in industrial bioreactors, productinhabitation in
relation to product recovery, etc.

Industrially relevant products by metabolic engineering
Advanced metabolic engineering research for the efficient
production of bicethandl, biomaterials and bulk chemicals,
and also of specialties including enantiopure melecules, is
required as well as reseanch on the design and invention
of new pathways and/for networks with a focus an new
ron-natural products, and an the extension of the range of
industrial microbial production hosts.

Modelling of microbial metabolism

Mathematical modelling of microbial metabolism, directed
towards both steady state and dynamic models, induding
the development ol setheddlagical tools, particularly for
flux analysis and a)intracellular metabclites
has to be developed. Spedial emphasis has to be given to
relevant operating conditions.
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The vision for 2025 and beyond
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Biotechnological processing
Scope

Inthe past lew years conditions for the application of
bictechnalogical processes inindustrial production

have impraved Mew tools, such as screening methods
and metabaolic engineering, and alse global analysis
methads, such as genomics, proteomics, metabolomics,
and bicinformatics tools, are gradually becoming more
wiclely available. These new instruments make it possible
ta reduce the time needed to develop and establish new
indlusirial biotechnological products and processes; lo
develop biocatalysts (enzymes) and microarganisms
which render manulacturing processes mare economical
and facilitate new manufacturing processes and, for the
first time since the beginning of the il age in the early
filties, to apply processes with economic potential in the
production of basic chemicals and biopolymers. |t is time
to intensily, extend and implernent this new potential of
bictechnalogical methods in industry so that it can hold
its own both independently and in synergy with chemical
processes. Fram the very outsed bictechnalogy should be
included in decision making as an alternative to chemical
pracesses. [t has the potential to replace several chemical
process steps by one enzymatic or fermentative production
siep thatis both cost-eflective and enviranmentally benign.

This chapier an biotechnalogical processing locuses on
process technology aspects of indusirial biotechnology It
is complementary to Chapler 5 Industrial Bictechnology
and in several cases describes research priarities, which
are akso mentioned there. |t is the aim of this chapter to
emphasize, that the approaches of chemical reaction &
process design and bictechnological reaction & process
design comprise many parallel elements and synergies.
Both approaches will increasingly supplement each
other and become intertwined technologies. Further
differentiation between biotechnological processing

and industrial biotechnology will be subject to the

implemertation action plan.

Research priorities

Cr Biocatalyst improve ment by strain optimisation.
Bigtechnalogical process development must be founded
an a broader genomic basis, tapping into the huge
numiber of unknown biocatalysis based on the millions
of naturally occurring microsrganisms as opposed lo
the only 100 microonganism straine currently used in
approximately 130 indusirial processes.

O Mewtechnologies as the basis for novel optimised
biocatalysts. Exploitation of new emenging techniques
for quaniitative metabolome analysis (metabaolic
fingerprinting, metabolic profiing), supplemented by
technological developments such as pre-caleulation of

3D enzyme-structures, development of protein-protein
interaction cards based P- hnigues,
and in vivo imaging techniques with reporier molecules

io determine complex effecis quantitatively and
halistically. There is every reason lo expedt that systems
bialogy is a good basis for new process strategies.

O More rapid development and industrial application
of biocatalysts - shorter time-to-market In addiion
to high throughpul screening and selection processes
apply thermodynamic principles to the assessment of
biolechnalogical processes (metabolism modelling,
downstream processing). This goes hand-in-hand
with the need for a high degree of miniaturisation and
parallelisation of plant engineering in the framework of
micro bioprocess engineering. This explicity includes
downsiream processing, which is frequently the main
cost factor, althoughin ty pical process developments
it is often neglecied |t is imperative to develop novel
downsiream processes for low- and high-molecular
products and to promote techniques which facilitate
the effective identification of suitable purificatian
sirmtegies approaches, e.g,, by improved mechanistic
understanding.



Materials Technology

Analytical chemisiry provides an understanding of the
nature of a material through the characlerisation of its
struclure, physical paramelers,

and the observations of its interaction with other materials
andior enviranments. The information gleaned in this
manner cannct only be used in the development of further
new materials, but also in developing new-targeted
analytical methodologies. Therelore those changed with
the task of promoting advancement in analytical technigues
shauld not anly include academics specialising in analytical
methods and small-medium-entergrises (SME) who
provide analytical services and instruments, but also

those researchers warking at the frontier of new material
technalogy research and agencies that are responsible

for establishing norms and standards. Conceivably these
parties could combine theirinput and expertise into the
creation of analyfical technigue competence centres

Eurcpe has a strong position within these fields, as i hosts
excellent academic research groups within the field, a
strang chemical and microelectranic industry praviding
analytical tasks as well as novel transducer technalogies
and arange of SMEs that are actually willing and capable of
bring chemical sensor systems to the market.

A

Research priorities

For the development of analytical techniques:

O Development of new single maleculedentity
characterisation techniques.

O Development of new high-volume throughput,
fast analysis techniques.

O Development of new instrumental methods for the
analysis of emerging material technologies.

O Development of the ability to monitor at an atamic level
the nucleation and growth of nancstructured materials,
this is necessary to validate the models of synthesis, to
predict structure and compasition of the nanom aterials,
including catalytic mechanisms.

C- Prawision of a frarmewark for the promotion of the
development of normes and standards.

Cr Development of reference materials.
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