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The European model of society requires a competitive industry as a basis for growth and jobs, while
maintaining its commitment to social and environmental sustainability. The European Technology
Platform for Sustainable Chemistry demonstrates the great potential of industry to contribute to the
broader policy agenda.

This vision paper is a commendable illustration of the joint stakeholder efforts. It forms a solid basis
for the forthcoming Strategic Research Agenda to help Europe become the leader in key scientific and
technology areas.

I consider myself a stakeholder in the success of this platform, both as a European citizen and as

the European Commissioner for Research.
I
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Janez Potocnik
EU Commigsioner for Science and Research
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Foreword

"The European Technology Platform for Sustainable Chemistry is an ambitious initiative to revitalise chemistry and biotechnology
innovation in Europe. It aims to strengthen the sustainability and competitiveness of the European chemical, biotech-based and
associated industries, and contributes to meeting the Lisbon objectives for Europe.

We are very pleased to present this vision document. We are confident that it provides solid guidance in setting the strategy for
sustainable chemistry research, and in creating a supportive framework for chemistry and biotechnology innovation in Europe.

This document has drawn contributions from a wide set of stakeholders, which is proof of the support and the high level of

expectations and commitment to the success of this endeavour.”

P. Elverding
President
Cefic - European Chemical Industry Council

The European Technology Platform for Sustainable
Chemistry seeks to boost the competitiveness of the
European Industry by strengthening chemistry, biotechnology
and chemical engineering research and development in
Europe. It is a joint initiative of Cefic and EuropaBio, and
was facilitated by the European Commission.

Former Research Commissioner Philippe Busquin
announced the European Technology Platform for
Sustainable Chemistry at a media event on 6 July 2004 in
Brussels, together with representatives from Cefic and
EuropaBio, and in the presence of representatives from
various stakeholder groups.

The chemical industry's views on the rationale, scope and
organisation of the technology platform were expressed in a
document produced for the July 2004 launch event. These
were intended to act as a thought-starter, and an invitation
to other relevant stakeholders to participate in forging the
platform's future plans.

This vision document will be a tool for all stakeholders in
the chemical and associated sectors to help co-ordinate
future research funding policies at European, regional and
national levels. This will secure the innovation basis of the
chemical industry in Europe and strengthen its role as an
innovation engine in many downstream industries.
Addressing innovation will be a fundamental contribution
to achieving our common goal of a “knowledge-based”
and sustainable European economy and will be a factor

in the improvement of the industry's eco-efficiency and
social contribution.

F. Sijbesma
President
Europabio - European Association for Bioindustries

Further discussions, analytical work and consultations will
lead to subsequent documents that articulate a Strategic
Research Agenda for sustainable chemistry in Europe and
outline implementation plans for this agenda. The initial
focus is on the next EC's Research Framework Programme 7
(FP7) but will also be on the longer term and national
and regional level programmes.

The European Technology Platform for Sustainable
Chemistry represents a unique opportunity to strengthen
EU chemistry, biochemistry and chemical engineering
research. Its mission is to contribute to successful, competi-
tive, sustainable EU chemical and associated industries with
global business leadership based on technology excellence.

Editorial team

Frank Agterberg, Cefic
John Butler, Bayer

Dirk Carrez, Europabio
Marcos Gémez, BASF
Ruediger Iden, BASF
Elmar Kessenich, BASF
Colja Laane, DSM

Sean McWhinnie, Royal Society of Chemistry
Russel Mills, Dow Europe
Klaus Sommer, Bayer

Website

The website of the European Technology Platform for
Sustainable Chemistry can be found at:
http://www.suschem.org
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Chemistry is ubiquitous and is a signifi-
cant factor in the improved quality of
life enjoyed by European citizens today.
Europe's ambitious goals of generating
greater wealth while at the same time
reducing emissions and conserving our
natural resources can only be achieved
with a significant contribution from
chemistry. Better use of chemical
sciences will enable our European
society to become more sustainable,
due to new and improved products and
processes that supply new and existing
products more efficiently. Indeed
chemistry will contribute to solving
multiple societal issues. This requires
major chemical innovations driven by
competitive EU chemical and associat-
ed industries that can capture their
value and spread their use.

The EU is world leader in chemicals
production. The industry supplies
products to virtually all downstream
industrial sectors, and is a major
contributor to the EU economy in
terms of revenues, trade balance and
employment. It acts not just as a
supplier of chemicals; it is also an
engine for innovation for other indus-
tries, with the introduction of new
materials and chemicals and their
application.

However, the EU chemical industry's
competitiveness is at risk due to
relatively high cost of production in
global terms, low market growth, and
delocalisation of customer industries.
Innovation and sustainability are key
drivers for future competitiveness. The
design and manufacturing of higher
added value products and increased
eco-efficiency are important factors if
we are to keep a viable chemicals
manufacturing base in Europe.

Executive Summary

This would also help increase public
confidence in the industry and its
products and technologies.

We envision sustainable European
chemical and associated industries
with enhanced global competitiveness
and minimal environmental impact,
powered by a world-leading, technologi-
cal innovative drive. It would maintain
its substantial contribution to EU
employment and would enjoy
widespread societal appreciation.

This is an important prerequisite to fulfil
Europe's vision of a sustainable and
competitive knowledge-based economy.

Our vision for the European
Technology Platform for
Sustainable Chemistry is that:

1. The European chemical and
associated industries will remain
competitive based on technology
leadership and innovation.

. Mastering the molecular scale (as
in nanotechnology and biotechnol-
ogy) will yield new generations of
products with enhanced properties
leading to new applications in
many industrial sectors.

. Better use of chemistry and
biotechnology will enable increased
eco-efficiency of the industry.

. The industry will have a reputation
as a reliable, safe, and responsible
partner in society.

. Europe will provide an effective
framework for chemical and
biotechnological innovation and
will strengthen its excellent
skills base.

Research and Development is a major
source of innovation in this 'knowledge-
intensive' industry. However, EU
chemical R&D expenditures are
decreasing and are structurally lower
than in competing regions, which
sometimes are better organised to
capitalise on new areas of chemistry
research.

There is an urgent need to boost
European research, development and
innovation in chemical technologies if
the economic contribution of the
industry is to be sustained. Innovation
will be a major determining factor to
secure the sector's competitiveness
and consequently the competitiveness
of its vast downstream customer base.

Through engagement of all relevant
stakeholders in a European Technology
Platform for Sustainable Chemistry,
known today as SusChem, the R&D
and innovation strategies proposed will
provide the required broad support and
facilitate implementation of the Action
Plan for the Strategic Research Agenda.

SusChem will work towards this and
will develop a Strategic Research
Agenda in three sections: Industrial
Biotechnology, Materials Technology,
Reaction and Process Design. The
Platform will also identify and address
barriers to and opportunities for
chemistry innovation that will be dealt
with in the Horizontal Issues Group.



Chemistry n. (pl. -ies) 1 the study of the
elements and the compounds they form
and the reactions they undergo. 2 the
chemical composition and properties of
a substance. 3 colloq. the attraction or
interaction between people.

Chemistry deals with the manipulation
of molecules; its essence lies in the
design, production and transformation
of basic materials into other, often
more complex, products and materials.
These substances, which are derived
from natural resources (crude oil, gas,
natural oils, fats, sugars etc.), provide
useful functionalities, and their very
usefulness means they are found
everywhere.

Chemicals are essential components of
power-generating and storage systems,
from nuclear to wind-power and fuel
cells. They power and construct our
transport infrastructure and help
increase fuel efficiency in transport and
heating. Chemicals provide essential
functionalities in food production (e.g.
crop protection), packaging and
conservation. They also show their
usefulness in security applications,
medical treatment and diagnostic
technologies, hygiene and cosmetics
and they are an essential part of
modern textiles, dyes in print and
painting, computers and mobile
phones and other communication
devices. Chemicals play a key role in
leisure and sporting goods and
fashion. Chemistry is an essential part

Introduction

of the solution for legacy environmen-
tal issues, e.g., (bio)chemical soil and
water treatment technologies that are
remediating contaminated sites.

The last decade has witnessed a
dramatic progress in chemical knowl-
edge. The promise of chemistry can
bring further positive changes in our
society. “Chemistry is, still, everywhere: it
must be! It is the science of the real
world. But, to remain a star in the play
rather than a stagehand, it must open its
eyes to new problems. If chemists move
beyond molecules to learn the entire
problem — from design of surfactants, to
synthesis of colloids, to MRI contrast
agents, to the trajectories of cells in the
embryo, to the applications of regenera-
tive medicine — then the flow of ideas,
problems, and solutions between
chemistry and society will animate both."
This can only become a reality if the
chemical industry succeeds in transfer-
ring breakthrough laboratory inventions
into the new products and services
demanded by the market.

Socio-economic challenges

The world is changing and presents
new opportunities and threats for the
chemical industry and for our society in
Europe. Globalisation, progress in
telecommunication and data transfer,
limited resources (soil, energy and
water) and worldwide population
growth with aging societies are the

most significant trends determining the
future of the planet.

Conflict resolution, safeguarding food
and water supply, development of
renewable energy resources and
improvement of healthcare systems are
indispensable prerequisites to achieve
a prosperous and peaceful global devel-
opment for an increasing world
population. These objectives are best
pursued through a balanced effort that
takes into account economics, environ-
mental protection and quality of life.
Major contributions from the chemical
industry supported by new research are
necessary to meet these challenges.

Some examples will demonstrate the
impact of global trends and challenges
on the demands for technological
development in the areas of chemical
and process engineering, new materials
and industrial applications of biotech-
nology:

« Our energy mix is currently
dominated by the consumption of
fossil fuels derived from oil, gas
and coal. The vast majority of ol
and gas is consumed to generate
energy for transportation, heating
and other purposes with only a
relatively small part utilised as
chemical feedstock. Renewable
energy sources could help secure
long-term energy supply and
reduce carbon dioxide emissions.
A major research effort is required



to provide technologies for more
efficient and affordable photovolta-
ic devices, hydrogen generation
and transport infrastructure and
fuel cells;

In addition, energy saving through
process integration and new
process technologies will continue
to play a leading role in resource
conservation;

Efficient technologies to minimise
water usage and to treat or recycle
process water on a large scale are
required outside and within the
chemical industry. Improved logisti-
cal systems will further contribute
to conservation of this important
and limited resource; and

In 2025 the world is expected to
feed more than 8 billion people.
This is a big challenge for mankind
that can only be met through
progress in crop protection, breed-
ing and biotechnology.

A European Technology Platform for Sustainable Chemistry - The vision for 2025 and beyond

The chemistry challenge

For chemistry the best is yet to come:
novel anti-cancer, anti-aging and
disease prevention therapies based on
exploitation of the human genome;
cleaner and more sustainable energy

production, storage and supply; reliable

and fast high capacity information
storage, distribution and processing;
increased food quality and production
with less demand on arable land. It will
provide functional materials that make
our vehicles lighter and stronger and
hence more energy efficient and safe,
our buildings safer with lower energy
consumption, and provide solutions to
outstanding health problems.

The European Technology Platform for
Sustainable Chemistry has been
launched to bring together key stake-
holders in the chemical industry and
associated sectors to boost investment
in chemical research, development and
innovation in Europe. Innovation is key
to the survival of the European chemi-
cal industry itself, and requires
concerted action on the European,
national and regional level.

The July 2004 launch of the Technology
Platform was a joint initiative of the
European Chemical Industry Council
(Cefic), the European Association for
Bio industries (EuropaBio) and the
European Commission. Since then
these organisations have been consult-
ing increasingly widely with the
stakeholder community in relevant
sectors.

The Platform will work towards this
vision and will develop Strategic
Research Agendas in three sections:

« Industrial Biotechnology;
« Materials Technology; and
+ Reaction and Process Design.

The Platform will also identify and
address barriers to, and opportunities
for, chemistry innovation that will be
dealt with in the Horizontal Issues
Group.



The industry today

CHEMICAL PRODUCTS

The chemicals sector produces thousands
of different products, and supplies
them to almost all other sectors of the
economy. A major share (27%) of
primary chemical products is further
processed within the industry itself.

The products range from basic chemi-
cals (37.7%), through specialty and fine
chemicals (28.8%) and pharmaceuticals
(23.3%) to consumer chemicals
(10.2%). As shown in Figure 1, the
biggest industrial customers of
chemicals are the metals, mechanical,
electrical and electronics industries,
textiles and clothing, the automotive
industry and paper and printing
products.

The value-addition by downstream
sectors is typically orders of magnitude
larger than the chemicals sector itself.
For example Organic Light-Emitting
Diodes (OLED's) represent a relatively
modest market of €350 million, but
generate a market in display technology
products some 10 times larger, which
in turn are important components in
consumer products (mobile phones,
flat screens, etc.) with a retail value

of nearly €50 billion. This example
clearly demonstrates the enabling
nature of chemistry.

The current situation

Figure 1. The share of chemical domestic consumption incl. pharmaceuticals

Textile & clothing 6.3%

Construction 5.4%

Agriculture 6.4%

—‘ ‘ ‘ Automotive 5.3%
Electrical goods 3.9% -

Office machines 0.7%

Industrial machinery 1.9% L
Metal products 2.5%

Services 16.4%

Rest of manufacturing 6.1% J

Sources: Cefic & Eurostat

Paper & printing
products 4.5%

Consumer
products 30.3%

L Restofindustry 10.3%

Notes: Percentage shares are calculated by taking into account the re-allocation of domestic
consumption to downstream customers of chemicals self-consumption & consumption

by the rubber & plastic processing industries
*EU15

The EU is a leading global chemicals
producing area, with 32% of world
chemicals production. The sector
contributes 2.4% to EU GDP and
comprises some 25,000 enterprises in
Europe. 98% of these are SMEs which
account for 45% of the sector's added
value. The EU(25) chemical industry
currently employs 2.7 million people
directly, of which 46% are in SMEs,
with many times this number
employed indirectly.

The EU chemical industry sells over
70% of its output within the European
internal market of which almost half
are intra-EU exports. The net chemical
trade surplus has grown from

€14 billion in 1990 to an estimated
€40 billion in 2004. The chemical
industry is therefore a major net
contributor (some 25%) to the positive
manufacturing trade balance of the
European Union.
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CHEMISTRY: THE ENGINE FOR
INNOVATION

More than just a supplier of raw
materials, the chemical industry is a
major source of innovation to
downstream sectors. As shown in
Figure 2, this is achieved through
various mechanisms including: new
materials for improved and novel
products, new materials for process
innovations, and price reduction
enabling use of chemicals in more and
larger volume applications. A recent
German study underlined the dispro-
portionate impact of chemicals
innovation as a driver of innovation in
other sectors®: accounting for well over
50% of innovation in pharmaceuticals,
textile and clothing, metal and petrole-
um processing industries. In Germany
alone €19.2 billion of annual additional
turnover from product innovations plus
€9.4 billion cost savings (1998 data)
from process innovations was generated;
this translates into every Euro spent in
chemical R&D yielding €0.80 additional
annual turnover and €0.50 cost savings
downstream, in addition to the benefits
for the chemical sector itself’.

COMPETITIVENESS AT RISK: THE
CHALLENGE FOR EUROPE

Whilst the industry today appears
strong and healthy, a recent study by
Cefic’ concluded that the sector's future
competitiveness is in danger. Pressures
on the chemicals business in Europe,
such as by the growing number of
regulations, have increased over the

Figure 2. Impact of chemical innovations on innovation activities in other industries’

Requirements to suppliers of chemical industry
improved basic materials - new facilities, machines and apparatus - new producer services

Chemical innovations
(new materials)

Improved product
characteristics

longer durability
reduced weight, smaller size
more environment-friendly
increased stability
improved visual characteristics
new functionality

years. The industry has responded
appropriately, but this has resulted in
an unfortunate dilution of focus on
innovation and growth.

The European chemical industry has
reached a phase of maturity; many
products have become commodities
subject to strong competition particu-
larly from Asia. Markets in Europe are
stagnant, whilst strong growth occurs
in China®. Efforts based on new
products through innovations and cost
reduction by economy of scale and
technology excellence as well as
competitive feedstock supplies appears
increasingly futile.

The leading position of the EU in
chemical manufacturing is already

Lower
production costs

eased manageability
more diverse applicability
higher load capacity
reduced resource consumption
increased performance
improved recycling

Price-reduction in
materials and
components

lower product prices and
improved competitiveness
of products with chemical
materials
accelerated diffusion
of new products

slowly eroding because of the dynamic
development in Asia and the global
investment pattern that goes with it;
the EU(15) share of global output has
declined from 32% a decade ago to
28% today. While labour productivity
has steadily increased over the last ten
years, employment in the EU(15)
chemical industry has decreased by
16% to 1.7 million, and by 40% in
Central and Eastern Europe to one
million.

Further investment in chemicals is not
particularly favourable in Europe,
because of low returns on investment
due to a combination of relatively high
production costs, high costs related to
regulation, the changing regional
balance in manufacturing in customer



sectors, and the absence of advantaged
feed stocks. This, however, also depends
on the development of feed stock prices
on the long run. This is leading to a net
outflow of investment to other regions.
The EU needs innovative leadership to
reduce or even reverse this trend and to
beat international competition, in partic-
ular from emerging Asian economies.
To do this will rely on enhanced knowl-
edge and skills.

The Cefic competitiveness study devel-
oped four future scenarios with a 2015
time horizon. The EU share of global
production was calculated to decrease
to 16-23%, depending on the particular
scenario. In all but the most optimistic
scenarios the net trade balance falls
and Europe could well become a net
importer of chemicals by 2015. This
would have a serious 'knock-on' effect
on the future viability of customer
businesses in Europe. The difference
between the most optimistic scenario
and the others is a chemical industry
focused in innovation, thus innovation
being the key driver for the future
competitiveness sector and its associ-
ated supplier and customer industries.

REGULATORY ISSUES

The usefulness of chemicals derives
from their reactivity and industry's skill
in harnessing this. With this goes the
responsibility for effective management
of risk to both health and the environ-
ment. In common with many other
technologies there often is public

concern about the effectiveness of risk
management and the extent of our
knowledge of risks. This in turn has led
to calls for increased regulation of
chemicals and greater efforts to quanti-
fy their risk via European initiatives
such as REACH and SCALE.

In terms of the broader ecological load,
the industry has made good progress in
decoupling production growth from
emissions and energy usage. By 2002
the chemical industry had increased
production by 43% compared to 1990
but its energy consumption had
increased by only 1% while CO,
emissions have fallen by 9%. These
are important developments in eco-
efficiency consistent with the
Commission's call for more sustainable
technologies contained in the
Environmental Technologies Action
Plan’. The aspiration should be for ever
more sustainable production and
consumption of chemicals in the future,
increasing eco-efficiency (and therefore
reducing waste) and restored confi-
dence in the industry's (new) products
and technologies.

Research, development
and innovation

The chemical industry is particularly
“knowledge intensive” and Europe's
research is globally competitive. Europe
is a leader in many key technology
areas, as demonstrated by its high

share of publications in the principal
scientific journals in this field, and by
the large number of patents deposited
by European companies and
researchers, e.g. in the US (23%). The
European chemical industry has an
impressive track record of turning
chemistry inventions into products
and process innovations. R&D, next to
customer relationships, is recognised
by most chemical companies and
downstream users of chemicals as a
key driver for innovation®*.

However, the current focus on financial
performance, frequent restructuring
programmes and increasing regulatory
costs are limiting R&D spending in
industry, which structurally underper-
forms in comparison to the USA and
Japan (see Figure 3). As chemistry
offers the base for many innovations
in other sectors, this has wider reper-
cussions for European manufacturing
and for the provision of knowledge
and skills.

Unlike Europe, both the USA® and Japan™
have formulated national strategies and
road-maps for key chemical technology
areas to guide public-private research
expenditure. In comparison European
efforts are fragmented and public-
private partnerships are not yet fully
developed. This places Europe at a
competitive disadvantage relative to its
main competitors: competitors that are
generally recognised to provide more
supportive environments for innovation.
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Traditionally there is a high degree of
industry-academia collaboration in
chemistry research. For example, 22%
of German chemical companies are
engaged with universities compared
to less than 7% overall in German
industry. Two major incentives for
collaboration are improved access to
remote expertise and shorter time-to-
market. Collaboration is increasingly
important, driven by the trends towards
lean organisations and outsourcing of
“non-core” activities. It is particularly
important to SMEs, however larger
companies tend to benefit most from
this trend. In today's marketplace,
collaboration should ultimately save
time for all companies’.

Human resources

Europe is witnessing a sharp decline in
the number of students graduating in
chemistry and chemical engineering.
This trend is expected to continue in
the foreseeable future and reflects a
similar experience across all scientific
disciplines. If the sector is to remain
innovative and continue to grow, then
this must be reversed.

Education systems within the European
Research Area must be developed in
order to present chemical sciences and
technologies as an essential and

Figure 3. Trends in private R&D expenditure 1996-2003
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Sources: Cefic and OECD
* EU 15, excluding pharmaceuticals

relevant part of modern culture and in
turn inspire more students to take up
careers in science and technology. The
demand side on human resources also
needs to improve: the industry needs
to communicate its longer term needs
and requirements.

Additional pertinent questions are: How
to ensure that academics engage with
the (industrial) problems that need
addressing? How to train the next
generation of researchers? How to fund
the required infrastructure to ensure our
world-class universities have the equip-
ment they need? And, how to provide
sufficient attractive career opportunities
to retain the best students?

The image of chemistry is an important
factor in attracting potential students;
explicit attention to sustainable
chemistry and engineering in second-
ary and tertiary education could
contribute positively to engaging the
minds of the next generation.



The sustainable vision

Chemistry was one of the foundations
of the wealth and growth of the
European economy during the 20th
century based on an ever-improving
understanding of interactions on a
molecular level to enable increasingly

sophisticated manipulation of the physi-

cal world. Chemistry will continue to be
a primary driver for growth and sustain-
able development in the European
economy and for the well-being of its
citizens.

The next challenges for chemical
science will be key to solving the
challenges that society will face in the
near future. “Other fields sometimes take
basic chemistry for granted. This is unfortu-
nate, because it serves as both an enabling
technology - it helped make high-through-
put sequencing of the human genome
possible, for example - and a common
language that scientists in many disciplines
use to communicate. Investing more in
basic chemistry will advance other fields,

and help the language of science evolve™”.

The European chemical and associated
industries will remain competitive
based on technology leadership and
innovation

Increased investment in chemistry
research and innovation, particularly in
the key areas of industrial (‘white')
biotechnology, materials technology and
reaction & process design, will lead to

The vision

Our vision for the European Technology Platform
for Sustainable Chemistry is that:
1. The European chemical and associated industries will remain competitive
based on technology leadership and innovation.
. Mastering the molecular scale (as in nanotechnology and biotechnology) will
yield new generations of products with enhanced properties leading to new

applications in many industrial sectors.

. Better use of chemistry and biotechnology will enable increased eco-efficiency

of the industry.

. The industry will have a reputation as a reliable, safe, and responsible partner

in society.

. Europe will provide an effective framework for chemical and biotechnological
innovation and will strengthen its excellent skills base.

breakthrough chemical product and
process innovations. This in turn will
improve the competitiveness of the
chemical industry and allow it to contin-
ue to make significant contributions to
solving major societal challenges. The
EU chemical industry will maintain a
large global share well above 20% and,
as a consequence, make a significant
contribution to the net EU trade
balance.

Mastering the molecular scale (as in
nanotechnology and biotechnology) will
yield new generations of products with
enhanced properties leading to new
applications in many industrial sectors.

Improved and new tailored properties
will be generated by means of rational
design of new materials and new
formulations based on controlled trans-
fer of the properties at the molecular
level to the macroscopic one.

Continuous improvement of control at
the molecular level will lead to improve-
ments in materials efficiency, leading to
new applications in e.g. energy, health,
transport, communications, electron-
ics, security, and food and feed.
Examples include new materials for
hydrogen storage, improved
membranes for more viable water
desalination plants and waterborne
self-repairing coatings.

Better use of chemistry and biotechnol-
ogy will enable increased eco-efficiency
of the industry.

The 'Eco-efficiency'™ of the industry's
products and processes will further
improve by better use of chemistry and
biotechnology. The development of
larger bulk production sites will make
better use of integration to maximise
the efficient use of resources, reduce
chemical transportation and develop
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new technologies that will create useful
co-products from today's waste
streams. In parallel, for other applica-
tions, new types of chemical plants
could emerge which are smaller and
less obtrusive, more flexible and less
capital-intensive.

Industrial biotechnology can make a
significant contribution, enabling
production by minimising hazardous
materials, waste and emissions and
operating at more benign conditions of
temperatures, pressures, pH as well as
using novel auxiliary materials and
solvents.

The industry will have secured access
to competitive feedstock. Approaches
to improving the efficiency of current
feedstocks will be balanced with the
search for alternatives. Chemical conver-
sions will become more efficient with
the use of advanced catalysis applied in
process-intensified equipment, which is
flexible across a broad range of product
scales and scope. Process conditions
will be benign and utilise (integrated)
advanced separation technologies, e.g.
membrane technology. The viability of
biomass as a raw material will have
been demonstrated for certain specific
feedstock applications.

The industry will have a reputation as a
reliable, safe, and responsible partner
in society.

The tendency to open communication,
as facilitated by programmes such as
Responsible Care, will be continued
and further improved. The industry will
be well organised for continuous,
constructive and open dialogue with all
stakeholders.

Europe will provide an effective frame-
work for chemical and biotechnological
innovation and will strengthen its excel-
lent skills base.

Europe will foster and sustain its
chemical and chemical engineering
skills base and research infrastructure.
Renewed approaches to education and
mobility will keep our excellent skills
base.

Legal and financial conditions will
stimulate chemical investments in
Europe. European society will celebrate
entrepreneurship that stimulates new
business initiatives

Boosting chemical research will lead to
world leadership in chemical innovation.

Enhanced research in chemical
sciences including industrial applica-
tions of biotechnology will be a priority
for European, national and regional
research funding programmes.

The Technology Platform will provide
an effective mechanism to generate
and exploit innovations in technology

partnerships. This will help provide
solutions in response to market needs
in downstream industries, providing
increasingly integrated system
solutions rather than only delivering
basic materials. Improved communica-
tion within the supply chain will
facilitate this.

The challenges stated above require a
boost in chemistry R&D across the
board to sustain and strengthen the
EU's leading position both in science
and business. This boost will be essen-
tial to give added impetus' to
chemistry that will underpin industrial
development consistent with the main
tenets of sustainable development”.

We would like to end by quoting
Professor George Whitesides from
Harvard University:

“Chemistry has always been the invisible
hand that builds and operates the tools,
and sustains the infrastructure. It can be
more. We think of ourselves as experts in
quarrying blocks from granite; we have
not thought it our job to build cathedrals
from them™”.



Our vision is:
. To make Europe the world's leading supplier of advanced materials.
. Innovation in materials technology driven by societal needs and contributing
to improved quality of life for European citizens.

Materials technology

Material and material development are
fundamental to our very culture. We
even ascribe major historical periods of
our society to materials such as the
Stone Age, Bronze Age, Iron Age, Steel
Age (the industrial revolution), Polymer
Age and Silicon Age (the telecoms
revolution). This reflects how important
materials are to us. We have, and
always will, strive to understand and
modify the world around us and the

. Accelerated identification of opportunities, in close co-operation with partner
industries down the value chain, leading to materials with new and improved
properties.

. The ability to rationally design materials with tailored macroscopic properties
based on their molecular structure.

. Products based on integrated complex systems available by improving and
combining the benefits of traditional materials and nanomaterials.

. Convergence of market demand and technology development creating many
opportunities for new enterprises in the materials sector (e.g. SMEs).

material it is made of. As the 21st
century unfolds, it is becoming more
apparent that the next technological
frontiers will be opened not through a
better understanding and application of
a particular material, but rather by
understanding and optimising material
combinations and their synergistic
function, hence blurring the distinction
between a material and a functional
device comprised of distinct materials'.

Discovery of new materials with
tailored properties and the ability to
process them are rate-limiting to new
business development in many indus-
tries. The demands of tomorrow's
technology translate directly into
increasingly stringent demands on the
chemicals and materials involved: their
intrinsic properties, their cost, their
processing and fabrication, benign
health and environmental attributes
and their recyclability with focus on
eco-efficiency. This requires doing
complete life cycle analysis on the new

developed products and considering
both the ecological as well as the
economic components. Furthermore,
material science will play an important
role in contributing to solve some
emerging societal needs and to
increase the quality of life of European
citizens.

Converging with the various perform-
ance demands are a suite of new
technologies and approaches that offer
more rapid new materials discovery,
better characterisation, more direct
molecular-level control of their proper-
ties and more reliable design and
simulation.

There is a need for enhanced identifica-
tion of opportunities, in close
co-operation with partner industries
down the value chain, and to co-
ordinate and enhance public-private
research to move beyond the limited

nature of industrial research
programmes to avoid fragmentation
and duplication of efforts.

The confluence of market demand and
innovative technology development will
create many opportunities for new
enterprises in the materials sector,
amongst which will be new high
technology leaders. Moreover, innova-
tion in this area will drive many
innovative, high-value applications in
the downstream industries.

Application areas of interest include:

- Functional materials: bio-compati-
ble and bio-degradable materials
with tailored properties which
include thin films and surface
coatings, medical prosthetics,
materials for therapeutic and
diagnostic applications, formula-
tion technologies for drugs,
agrochemicals, nutrition, cosmetic



and personal care products and
bio-nanocomposites using nanotech-
nological and biomimetic materials
concepts amongst others. In this
area links with the technology section
industrial biotechnology are to be
found and concerted activities will be
necessary;

Intelligent Materials with tailored
electrical (e.g. superconducting),
optical, mechanical and magnetic
properties for applications in
electronic devices such as displays
or sensors for the development of
organic electronics;
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Materials for new sustainable
technologies in the areas of energy
creation, storage, transport and
conversion covering areas ranging
from renewable energy sources
such as solar and fuel cell
technologies to nanoporous
materials for insulation; and
Development of new methods for
the controlled synthesis of rational
designed materials including novel
polymerisation techniques and
catalytic processes giving access to
yet unknown materials.

Activities in this area will be linked
with activities in the other two
sections: Reaction & Process
Design and Industrial
Biotechnology, seeking the most
eco-efficient process possible.

Nanotechnology®” is the design, characterisation, production and application of
structures, devices and systems by controlling shape and size at the nanometre scale.

This technology has the potential to make a significant impact on our world. Like
chemistry it has an enabling character - it underpins technology clusters of impor-
tance to the EU such as materials and manufacturing. Application areas include
construction, cosmetics, polymer additives, functional surfaces, vehicles, aerospace
industry, sensors and biosensors, molecular electronics, targeted drug release and

manufacturing. Design approaches are (top-down) miniaturisation and (bottom-
up) molecular assembly.

Although there is nothing like a single “discipline” called “nanotechnology”, neverthe-
less the ability to design the properties of many materials on molecular scale will be
crucial for most high-value applications. The technology development will go hand-in-
hand with assessing and managing the balance between benefits and risks.




Reaction & process design

Conventional plant and processes,
which have served the chemical industry
and society well in the past, have
evolved as chemistry and chemical
engineering have advanced and as new
feedstocks have emerged. Chemical
processes have continually improved in
terms of their increased utilisation of raw
materials, improved safety, and
increased productivity whilst minimising
waste and energy use. Step-change
improvements are possible through
further chemical and process intensifica-
tion, including the use of catalysis, new
solvents and separation techniques,
and novel plant design. In our vision,
the chemical industry will change
significantly within the next 20 years:

« The smart design of the synthetic
route itself is a key factor for new
processes with reduced waste, side
products and energy consumption
and which use inexpensive raw
materials. High throughput experi-
mentation accelerates product
development due to rapid parameter
screening (e.g. solvents, tempera-
tures, and catalysts). Highly
sophisticated, multifunctional or
micro-structured mixing/reaction
devices give access to intensified
processes with better economics.
Mature large-scale production
processes serve to illustrate that
process optimisation and innovation
is indispensable, and feasible, even
for a bulk commodity. New reaction
paths (e.g. based on powerful oxida-

Our vision is:

. Production plants with increased productivity and efficiency, and reduced cost

of manufacturing.

. Flexible production plants equipped with appropriate process control systems

and equipment that is geared for variable scale and scope.
. Production facilities having minimal environmental impact and utilising more

benign materials, while maximising recycling.
. More inherently safe design of production facilities leading to near zero

accidents in chemical manufacturing.

tion agents such as hydrogen perox-
ide or breakthroughs in selective
oxidations using molecular oxygen)
can open the door for potentially
superior processes that will differen-
tiate Europe from other chemical
producing countries.

Micro process technologies have
achieved major break-throughs not
only in areas such as fine chemicals
but also for bulk chemicals and
polymers. Process integration,
combining multiple steps in one
device, opens up areas for improve-
ment in bulk chemical processing.
Reactive distillation, divided wall
columns, separation with ionic
liquids, and heat and power integra-
tion will result in significant savings
in capital and operational expenses.
More than 80% of chemical
products depend on catalytic
reactions. Due to its significant
impact on process performance,
catalysis is a key enabling technolo-
gy. Even in mature processes such
as polyolefin production, the latest
catalyst developments achieve
improved reaction activities orders
of magnitudes greater than in earlier

decades. Catalyst development is
enabled by reaction engineering and
vice versa; therefore catalyst and
reactor should be developed simulta-
neously. Integration and intensification
of processes combined with new
catalyst concepts is essential for the
design of competitive commodity
processes. Catalysis is a decisive
technology in exploiting new
feedstocks, producing high perform-
ance materials and creating
environment-friendly processes.
Last but not least, by 2025 the
process industry will be significantly
affected by developments in in-silico
technologies. Modern computer
hardware and software give rise to
fast modelling, simulation and data
mining. Computer methods for
personalised medical therapies, the
search for active ingredients
supported by property prediction,
and improvement in the under-
standing of biological processes by
simulation on a cellular level, will
accelerate product development
significantly, increase process
yield/productivity and lead to

new and unexpected business
opportunities.
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Industrial (“white”) biotechnology

Industrial or white biotechnology is the
application of biotechnology for the
processing and production of chemi-
cals, materials and energy. White
biotechnology uses enzymes and
micro-organisms to make products in
sectors such as chemistry, food and
feed, paper and pulp, textiles and
energy. White biotechnology will have a
considerable impact by providing
biomass as an alternative to fossil
resources for the production of
biochemicals such as biofuels and
biopolymers. The use of renewable raw
materials as alternative feedstock will
reduce consumption of the limited
fossil resources and lower European
dependence on imports. Consequently
this could contribute significantly to
meeting the Kyoto protocol targets for
reductions in carbon dioxide
emissions. At the same time such use
may also offer an opportunity to boost
the rural economy by providing new
markets for agricultural crops and for
the development of integrated biore-
fineries in rural areas.

White biotechnology processes can
help make processes more environ-
mentally friendly. They take place in a
contained environment, and have the
potential to produce high yields of
specific products with low energy use
and minimal waste. The potential for
white biotechnology is very promising
and it is expected that white biotech-
nology will be a key technology

Our vision is:

1. Increasing numbers of chemicals and materials will be produced using biotech-
nology in one or more of the processing steps. Biotechnological processes will
be used to produce chemicals and materials not accessible by conventional

means or in a more efficient way.

. Biotechnology will allow increasingly eco-efficient use of renewable resources

as raw materials for industry.

. Industrial biotechnology will enable a range of industries to manufacture
products in an economically and environmentally sustainable way.
. Biomass derived energy based on biotechnology will deliver an increasing

amount of our energy needs.

. Green biotechnology will make a substantial contribution to the efficient

production of raw materials.

. European industry will be innovative and competitive, with sustained
cooperation and support between the research community, industry,

agriculture and society.

contributing to the achievement of the
Lisbon strategy to make Europe the
most competitive and dynamic knowl-
edge-based economy in the world. The
EU's major trading partners recognise
the importance of white or industrial
biotechnology for their industrial base
and have already put in place well-
funded long-term strategic plans. In
light of this, the vision for white
biotechnology has been established.

The stakeholders recognise that the
vision will only become reality with the
appropriate enabling political and
economical environment stimulating
research and innovation, entrepreneur-
ship, product approval and market
development. Such a supporting
environment will help industries to
switch and produce eco-efficient
products with less of an economic

burden, and benefit from the broad
potential of white biotechnology to the
European industry.

The action plan necessary to achieve
this vision includes:

« The development of a strategic
research agenda and road map;

« The removal of technical, economic,
regulatory and implementation
barriers; and

« The involvement of the society in
decision making via stakeholder
dialogue.

In this type of activity it is of
paramount importance to carry out
extensive and careful life cycle analysis
of new developments and to compare
alternatives, since only a real eco-
efficient technology can be
implemented in a sustainable fashion.



Innovation framework and
economic outcomes

The competitiveness of the EU chemical

industry is dependent on several factors.

The decisions made by industry with
respect to R&D expenditure and invest-
ment are not made in a vacuum. The
effectiveness of innovation (turning
ideas into profitable business) in the
three core areas of this vision will be
defined by overall conditions in the
European market. A key question is:
how can Europe become the global
location for chemistry and biotechnolo-
gy innovation?

It is essential that all aspects of innova-
tion in the European context are
considered, ranging from society's
concerns for health and the environ-
ment, to the availability of venture
capital; from education to achieving a
supportive regulatory environment;
from efficient intellectual property
protection to the ease with which
industry consortia can research fertile
areas of new science.

This requires that industry, regulators
and other stakeholders work closely
together. It is vital that there is engage-
ment and alignment with other relevant
(EV) initiatives, for example the
proposed European Research Council,
and with related European Action Plans
and initiatives. Such action plans and
initiatives include the “3%” ' environ-
mental technologies,” innovation and

Our vision is:

1. A transparent regulatory framework based on sound science and balanced

consideration of risk and benefit.

. Europe having a regulatory, financial and legal framework conducive to innovation.
. The added boost to innovation provided by this platform significantly raising the

EU chemical and associated industries' output, thus leading to increased net trade

surpluses and employment.

. A prosperous chemical industry at the heart of a sustainable and competitive

European manufacturing sector.

. Chemical and biochemical industries contributing to revitalising European
manufacturing, driving economic growth and improving quality of life.

manufacturing technologies” action
plans, and other European Technology
Platforms for which chemistry is an
essential enabling technology.

A further requirement for success is the
availability of a skilled workforce.
Education and training issues are critical
and young peoples' interest in science
(chemistry) careers needs to be raised
by improving the image of chemistry
and chemical engineering.

Economic outcome

Analysis of scenarios developed by Cefic’
suggests that growth in the European
chemical sector is only probable with a
revitalised industry with increased
innovative capacity and a focus on
customer needs. This vision also relies
on a positive market situation and a
favourable macro-economic and politi-
cal environment. This scenario should
be used as the benchmark against
which the initiatives coordinated by the
Technology Platform can be measured.

In the most optimistic scenario, growth
in the chemical sector due to favourable
macro-economic parameters is further
boosted by industry's own efforts: in
particular the specialty/fine chemicals
sector optimises its downstream value
chain and outperforms even the current-
ly excellent competitiveness shown by
the European petrochemicals/plastics
sector. Predictions based on this
scenario show an average annual
growth of 3.3% in chemical output,
which is somewhat higher than in the
past decade. This would lead to an
increase in the total value of EU chemi-
cal output (excl. pharmaceuticals) from
€360 billion in 2002 to €550 billion in
2015. In terms of the EU's external trade
balance, this translates to an annual
surplus by 2015 of over €110 billion for
the chemicals sector.

Enabling sustainability throughout
manufacturing

As we have seen, the EU chemical
production platform is an important
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factor in maintaining a strong EU
manufacturing industry as a whole. A
healthy EU chemical industry will
contribute positively in terms of trade
balance and innovation, enabling the
sustainable development of the entire
EU economy.

The role of the chemical industry in
Europe's economy, and the well-being of
European society, cannot be overstated.
The chemical industry has direct and
indirect impacts on the European
economy through:

- Demanding products and services
from suppliers;

« Producing products and providing
services for customers; and

« Enabling innovation in sectors
where further added value is
generated.



The rationale

In order to achieve the vision for a
sustainable chemical industry, there is
clear and pressing need for a mecha-
nism to galvanise and focus research
and innovation activities across the
chemical industry and its partners in
the value chain. A strategy is required
that will deliver the key elements of:

« A long-term concerted effort, which is
continuous and fully supported
by all stakeholders;

« A comprehensive and structured
approach;

« A focus on a limited number of
critical technology areas; and

« A parallel dialogue to establish regula-
tory and economic frameworks that
stimulate innovation, whilst maintain-
ing effective public safety.

Scope and objectives

The main goal of SUSCHEM is to
support the long-term success of the
European chemical and associated
industries' supply chain as a whole, by
providing a major incentive for
renewed chemical innovation in
Europe, both across the supply chain
and across disciplines.

The main technology platform deliver-
ables will be:

« A long-term vision for sustainable
chemical technologies in Europe

How to achieve the vision

that will enable a competitive and
sustainable chemical industry;
Strategic Research Agendas (SRAs)
and Implementation Action Plans
for the key technology areas identi-
fied that will catalyse the alignment
of EU and national initiatives and
boost research excellence;
Mobilisation of financial support for
R&D from public (EU, national and
regional) funds, and from private
sources, to provide a European
dimension to chemical sciences
research by increasing focus and
avoiding duplication of activities;
Identification of, and action to elimi-
nate, barriers and constraints to
chemical innovation, including
enhanced skills and education initia-
tives, innovation transfer, regulation
and societal acceptance; and
Assessment of the socio-economic
impacts of SRAs and related actions,
including the expected benefits and
potential adverse consequences
arising from the prioritised new
technologies.

SusChem will be instrumental in stimu-
lating both the public and private
sectors in Europe to commit more and
better-focused funds to chemical and
biotechnological R&D. It will address
major specific barriers and constraints
to innovation and so accelerate the
pace of innovation.

The European Technology
Platform

SusChem will consist of a network of
strategic and intellectual alliances that
bridge academia, industry and relevant
additional partners, to foster the whole
innovation process from initial idea to
commercial application. While the
Platform will be industry led, it is
imperative that there is a real partner-
ship with other key stakeholders
sharing a common vision and goal. A
pan-European approach will reduce
fragmentation and avoid unintended
duplication of research efforts.

Technical solutions to unsolved
problems can only be achieved by close
collaboration between academic and
industrial research, therefore first-rate
academic partners as well as national
and international research councils, in
particular through relevant ERAnets
such as ERAnet Chemistry and ERAnet
Acenet, will play a pivotal role in the
proposed research activities.

The collaborative research that is
proposed to further skills and knowl-
edge in the prioritised areas will
provide fertile ground for subsequent
commercial development and deploy-
ment and must be truly innovative with
a high-risk, high-reward profile. Basic
and applied research has to be
balanced to address medium-to long-
term technology needs. Determination
of the content and priorities of the
research agenda will require focus and
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rigorous choices to be made based on
anticipated impact in the context of
sustainability.

Industrial partners from across the
value chain will have a key role in relay-
ing their demands for new chemistry.
Links will also have to be made to
other relevant European Technology
Platforms, such as those on energy,
pharmaceuticals, textile and clothing,
transport and electronics due to the
enabling nature of chemistry.

To enable a smooth transition of an
invention into the market, financial
institutions, such as the European
Investment Bank, and venture capital-
ists also need to be in close contact in
appropriate phases. Innovation frame-
work matters can only be effectively
addressed by close engagement with
policy makers and regulatory bodies.

SusChem will operate a transparent
structure and this openness will be key
to achieving public trust. The composi-
tion of the partnership will grow or
change as its priorities evolve. It is a
long-term project. The combination of
skills and infrastructure to support this
initiative is already considerable in
Europe.

Platform organisation
The organisation of the Platform has

been outlined, as shown schematically
in figure 4.

Figure 4. Proposed organisational structure for the Technology Platform
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A high-level board, consisting of
nominees from the main stakeholder
groups and representing the three
sections, will manage the Platform's
overall activities. Essentially the Board
has a strategic role - it should set direc-
tions, policies and strategies. As the
Technology Platform progresses, the
board will provide advice and guidance
to the Executive Committee which is
comprised of the Board's chair and the
chairs of the technology sections and
the Horizontal Issues Group.

The Board will ensure:

« Synergy among the technology
sections and the Horizontal Issues
Group;

« Provision of external representation; and

Reaction
& process WS
design

Materials

« Endorsement of proposals from
external liaison groups, i.e. the Member
States' Mirror Group and the
Industry Steering Group.

Furthermore, the Board is responsible
for:

» Budget and accounting; and
« Addition or removal of sections.

In order to maintain an efficient and
flexible management, the Board will
consist of around 15 high-level repre-
sentatives from industry, academia and
other key stakeholder organisations.

The three technology sections will
coordinate their activities in the key
technology areas identified: materials
technology, reaction and process
design and industrial biotechnology.



The task of each of the sections
will be to:

. Develop innovation targets, a strate-
gic Research Agenda and an
Implementation Action Plan for their
respective sections based on the
detailed long-term vision;

« Form the policy interface on the
issues specific to the respective
sections; and

« Initiate and eventually manage
projects relevant to the respective
sections.

The sections are responsible for the
planning and implementation of
programmes and each will be guided
by their respective steering groups.

A professional Platform Secretariat and
a Horizontal Issues Group will support
the Platform.

The Platform will have a Mirror Group
consisting of representatives of
member states and regions. This group
will allow co-ordination with national
initiatives and projects, ensure a two-
way flow of information to and from
the platform, and act as a discussion
forum for member states and regions.

In addition, an Industry Steering
Group, composed of high-level repre-
sentatives from industry, was formed
and has steered the establishment of
SusChem,; the Industry Steering Group
will hand over leadership to the
Platform Board, and continue to

support the Board and the platform by
coordinating industrial input.

Key technology priorities

The outputs from the chemical
sciences have such a broad impact,
including in life sciences, computation-
al sciences, and advanced methods of
process engineering and control, that
research requires discovery activities
and invention across the entire
spectrum of the chemical sciences.
This spans from fundamental, molecu-
lar-level chemistry to large-scale
chemical processing technology and
cross-disciplinary collaborations with
biology and physics, as well as with
underpinning chemical technologies
such as catalysis and emerging
technologies like nanotechnology®.

Three key technology areas for the
chemical industry and its partners have
been identified, which are critical to
achieve the vision. These areas will form
the three sections in which the technolo-
gy platform will explore its future
technical challenges. The basic ratio-
nales and perspectives for each section
have been described in Section 2 of this
document and further details of each
section are given in the annexes.

Each technology section will develop its
own detailed Strategic Research
Agenda and Implementation Action
Plan, based on the views of the respec-

tive stakeholder communities involved
and will include relevant existing and
future European networks, such as
ERAnets (e.g. ERA Chemistry) and
Networks-of-Excellence.

Strategic Research Agendas describe
the main research issues to be
addressed in order to realise the vision.
A Strategic Research Agenda is neither
a specific research programme nor a
work programme. It is in effect, a set of
principles, issues, requirements and
research areas that should inspire all
stakeholders when they develop their
own activities or programmes.
Research effort will encompass basic
research, applied research and develop-
ment, demonstration and supporting
research.

The horizontal issues

A strategic approach to innovation
must achieve the appropriate balance
between value creation, cost effective-
ness and responding to critical societal
concerns such as improved environ-
mental performance. The capability to
bring stakeholders together, at the start
of the innovation process, to address
such issues is an important advantage
of SusChem.

Effective management of the potential
health, safety and environmental
concerns of our new technologies will
be a pre-requisite for their early
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acceptance by society. This acceptance
will in turn be crucial to ensure a
supportive political environment and
an effective regulatory framework for all
the industries that rely heavily on
chemistry for their innovations.
Successful innovation must also
address multiple other generic factors
(beyond the technology) to ensure its
long term success. Examples of these
cross-cutting factors for the technology
platform include:

- Defining the human resources
needs for our innovation processes
and thus contributing to the debate
on science education, skills, training
and mobility for researchers;
Refining knowledge and technology
transfer mechanisms;

Supporting more effective research
infrastructures and engagement in
EU research funding programmes
Improving involvement and align-
ment with other relevant EU and
member state initiatives;

Increasing access to venture capital;
Building early confidence in our new
technologies both with the general
public and political leaders; and
Developing mechanisms to facilitate
access to the output of our collabo-
rative R&D to SMEs -this is
particularly relevant to chemical
technologies due to their enabling
role in downstream innovations.

A number of more general innovation
issues, which are beyond the specific
remit of this platform, have also been
identified. Such issues will be
monitored and contributions made to
policy discussions as appropriate.

These issues include:

« Intellectual property rights exploita-
tion and protection;

« State subsidies for R&D; and

« Technology transfer block exemption
regulation.

Overall there is a need for additional
supportive political and fiscal
measures, as well as efforts by all
stakeholders to engage in dialogue with
end-users and the broader public about
new chemical technologies in a more
constructive fashion. This platform can
therefore serve as an effective interface
with these stakeholders as well as the
European institutions on these matters.

The ultimate aims of our chemical
technology initiatives are to “put new
chemistry knowledge to work” to
support the growth, competitiveness
and sustainability of our manufacturing
industries and the EU citizens they
serve. The Horizontal Issues Group will
develop common actions on the result-
ing priority issues with contributing
stakeholders to support these aims.

20

Thus an interim vision of our group is
to ensure early and broad societal
appreciation of these new sustainable
technology initiatives. This, in turn, will
create an increasingly supportive
environment for further technological
progress in Europe.

The development of the vision and plan
for the Horizontal Issues Group will be
significantly influenced by both the
evolution of the three technology
sections and also by the output of its
own working group that will tackle the
prioritised horizontal issues during
2005/6. Hence the above should be
seen as the starting point for our vision.



Recommendations

Chemistry has a pivotal role to play in To achieve this objective a number of actions are required.

the transition towards a sustainable, In particular, it is recommended that:
competitive and knowledge-based

European society. In combination with
its own downstream and supplier
sectors, chemistry can provide an
environmentally sensitive source of
innovation that can contribute to
improved economic and social welfare.

1. The three technology sections work to collate initial Strategic Research Agendas
to act as feed mechanisms for the formulation process for the next European
Commission's Framework Research Programme during 2005 and 2006, as well
as a basis for discussions on alignment with national and international R&D
programmes.

2. The Horizontal Issues Group prioritises issues and develops a coherent
programme of work in support of the technology sections and industrial
competitiveness in general.

3. The Member States' Mirror Group meets regularly to ensure alignment with
relevant national programmes and establish inventories of relevant national
initiatives, contact people and Centres of Excellence.

4. The activities of the Platform are publicised widely.

To achieve its full potential in pursuit of
common European goals, maximum
support for the activities of the
European Technology Platform for
Sustainable Chemistry is needed from
stakeholders in a wide range of indus-
trial, academic, political and public
organisations. The Platform needs to
consult widely and form a consensus
on relevant Strategic Research
Agendas.
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Annexes

ANNEX 1. there are greater opportunities and Energy
MATERIALS TECHNOLOGY challenges for the future. The total world consumption of energy
in 2003 was 14 Terawatts with 70%
Discovery of new materials with The materials sector of the chemical originating from fossil fuels. It is
tailored properties and the ability to sciences is vital, both fundamentally predicted that the energy need for 2050
process them are the rate-limiting and pragmatically, for all areas of will be between 30 to 60 Terawatts. This
steps in new business development in science and technology - as well as for increase presents a major challenge for
many industries. The demands of the needs of society in terms of energy, the current technologies.
tomorrow's technology translate directly information and communications
into increasingly stringent demands on technology, health care, quality of life The energy problem can be divided into
the chemicals and materials involved - and citizen protection. the following topics:
the!r |ntr|n5|c. properties, .thEI.r costs, . o ey o s e s
their processing and fabrication, and We aim to make Europe the world- ) .
. . . . . current technologies from fossil
their recyclability. leading supplier of advanced materials . )
Lo, . fuels, alternative technologies for
adding high value to full growth in
. . . . renewable resources (solar, hydro,
Materials science deals with the design the EU. ; . .
; wind, geothermal, biomass for bio-
and manufacture of materials, an area
) . ) refinery) and nuclear. In the case of
in which chemistry plays the central PROSPECTS ) .
. ” . o materials technology the focus will

role; there is also considerable overlap Important areas of innovation in this

) ) L : be on fuel cell technology and
with the field of chemical engineering area are numerous. The most impor- :

) . Merr . photovoltaics;

and physics. Substantial contributions tant future topics are:

« Energy transmission and distribu-
tion: this includes heat networks,
electric wires and electric grids.

include: modern plastics, paints,
textiles and electronic materials; but

Figure 5. Proposed structure for the Materials Technology section
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- Energy storage: batteries, supercon-
ductors, hydrogen storage etc.; and

« Energy management: insulation in
buildings, more efficient lighting,
lighter materials for transport,
minimisation of energy losses, etc.

Without new discoveries in material
science, the required breakthroughs in
any of the above areas will not be
possible.

In energy production and transporta-
tion, new materials with useful
conducting and superconducting
properties will have a significant impact
on our society in practical systems for
the transmission of large electrical
currents over long distances without
energy losses. New ceramic materials
will play an important role in this area.

In the area of energy management and
conservation, new materials with light-
weight construction will greatly
enhance the efficiency and environmen-
tal sustainability of surface and air
transport. The most common form of
surface engineering is painting. While
paints prevent corrosion and water
damage, they need to be renewed on a
regular basis, which is costly and
labour intensive. One significant contri-
bution to modern life would be the
development of long-lasting coatings
with high scratch resistance and
weatherability, smart functional packag-
ing materials, and even self-cleaning
and self-healing properties. Such
surfaces can easily be cleaned by rain,
and have a mechanism to self-repair
after any surface damage.

Information and Communications
Technologies (ICT)

In our modern society communication,
information and entertainment is one

of the largest market sectors in which
the electronics industry continually
seeks new materials for superconduc-
tors, polymeric conductors and
semiconductors, dielectrics, capacitors,
photo resists, laser materials, lumines-
cent materials for displays as well as
new adhesives, solders and packaging
materials. For the world wide high
speed transfer of digital information
new materials in the field of optical
data transfer are also indispensable:
nonlinear optics materials, responsive
optical materials for molecular switch-
es, refractive materials and fibre optics
materials for optical cables.

The challenge lies not only in the devel-
opment of new materials with the
desired properties but also in their
effective incorporation into functional
systems.

Quality of life

The quality of life of European citizens
can be enhanced dramatically by the
use of new materials for better mobility,
i.e. mobile phones, portable comput-
ers, more efficient and sustainable
transportation, cosmetic preparations
for better appearance and protection
from external environment and
improved nutrition by increasing the
stability and bio-availability of vitamins
and food additives via innovative
formulation techniques. This could
mean smart internal and external
coatings with self-cleaning properties
and responsive to changes in the
environment or surfaces with anti-
fouling properties able to recognise
and destroy pollutants and corrosion
agents. Specialty polymer industries
would benefit from 'intelligent’
composite materials based on organic
or inorganic materials and also bio-
compatible materials to design longer

lasting batteries, smaller and more
stable sensors, materials for functional
clothing that is self-cleaning, adapting
and protecting, prosthetics and
implants, and more.

Health care

As a result of the increase in life
expectancy and consequent aging
profile of the population a new
paradigm is required to provide
optimal and personalised medical care
as well as a higher demand for health
prevention in order to reduce increas-
ing medical costs. There is need for
new materials for implants, drug deliv-
ery, and novel therapeutics, but also for
health protection and care, diagnostics,
and sensors for prevention and timely
detection of serious diseases.

The path from electronics to biological
function goes via chemistry. Sensor
technology provides a connection
between biological function and an
electrical signal. Advanced sensors and
new micro-analytical devices will have a
substantial impact on health, environ-
ment, and individual protection
strategies in the coming years. The
ability to reliably link biologically active
molecules to a surface will take
functional integration to levels previ-
ously deemed impossible. This
provides huge opportunities for
improved medical devices and drug
delivery strategies. Another aspiration
is the design of materials that mimic
the behaviour of physiological systems
such as muscle.

Citizen protection

Society has been increasingly challenged
by accidents, terrorist attacks, sudden
climate changes and catastrophes
causing extensive personal and material
damage. There is a need to develop
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new intelligent technologies in order to
protect the civil population from these
extreme situations as well as to provide
new ways of predicting and avoiding
them. Sensors for explosives, toxic
agents and biohazards at low concentra-
tion, materials for personal protection
and/or buildings, e.g. hospitals, airports,
and vehicles, functional textiles that
recognise and destroy toxic agents or
administer the right counteragents. In
addition, new sensor systems could
help to detect chemical or biological
threats and play an important role as
components of security systems.

Nanotechnology - contribution &
integration

Of particular interest is nanotechnology,
which spans many areas including:
nanoparticles, nanocomposites and
custom-designed nanostructures that
will find applications from polymer
additives to drug delivery and cosmet-
ics. Especially nanotubes (see Table 1)
are of great interest for many applica-
tions like storage, transport, separation,
drug delivery, thermal isolation, photon-
ic and electronic applications or
templates.

The largest barrier to rational design
and controlled synthesis of nanomateri-
als with predefined properties is the
lack of fundamental understanding of
thermodynamic, kinetic and quantum
processes at the nanoscale. Today, the
principles of self-assembly are not well
understood nor do we have the ability
to bridge length scales from nano to
micro to macro. This lack of basic
scientific knowledge regarding the
physics and chemistry of the nanoscale
significantly limits the ability to predict
a priori structural properties and
processing relationships. Profitable
research will result in the development
of kinetic and thermodynamic rules for
synthesis and assembly that can be
applied to the rational design of
nanomaterials at commercial scales
(including hierarchical nanomaterials)
from first principles.

Nanomaterials will deliver new
functionalities and materials options.
Manufacturers will combine the
benefits of traditional materials and
nanomaterials to create a new genera-
tion of nanomaterial-enhanced
products that can be seamlessly
integrated into complex systems. In
some instances, nanomaterials will
serve as stand-alone devices, providing
unprecedented functionality.

Table 1: Examples for applied production processes of nanotubes®.

Nanotubes by
fibre templates

Nanotubes by electron
spinning with hair

Nanotubes made
by wetting
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Nanotechnology is an integral part of
almost all areas of interest. The
benefits of nanotechnology play an
important role as a base for the devel-
opment of new functionalised materials
and products, as mentioned above.
The wide range of applications known
today clarifies the comprehensive
character of nanotechnology, e.g. self-
cleaning effect of modified surfaces,
transparent sun-blocker for skin protec-
tive applications and scratch resistant
coatings.

Many of the potential applications are
based on exploiting effects that are part
of our current understanding of
science. However, producing structures
and operating at the atomic level will
produce novel effects that will stimu-
late new science and hence lead to new
applications.

The market for nanomaterials has been
estimated by analysts to be €700 to
1,000 billion by 2011%*. As new materi-
als and applications are used by the
human society, the possible impact of
nanomaterials on the environment and
human health has to be considered.

Such impact studies have to be done
by industrial, NGO or independent
national scientific groups, as current
knowledge is inadequate for risk
assessment of nanoparticles and fibres.
As materials exhibit unique properties
at the nanoscale level, which affect
their physical, chemical and biological
behaviour, the potential hazard of each
nanomaterial needs to be considered in
parallel with their potential benefits on
a case-by-case basis.



Strategic Research Agenda

The astonishing progress in chemical
science and engineering during the
20th century make it possible to
envision new goals that might previ-
ously have been considered
impossible. The Technology Platform
will identify the key opportunities and
challenges for Material Sciences, from
basic research to societal needs and
from resource utilisation to environ-
mental protection. It will look at ways
in which chemists in industry and
academia can work together to
contribute to an improved future for
our society. The focus of the activities
goes well beyond the framework of
industrial R&D programmes and
includes the following Research Topics:

« Fundamental understanding of struc-
ture activity relationships for the
rational design of functional materials;

« Computational material science;

- Development of analytical techniques;
and

« From laboratory synthesis to tailored
large scale manufacturing of materials

and Product Areas:

« Materials for energy management
Solutions have do be found in energy
creation, transmission and distribu-
tion, storage and conservation;

« Materials for the electronics industry -
communication, information,
entertainment
The electronics industry continually
seeks new materials for improved
electrical and optical conduction,
displays;

« Materials for medicine, agriculture,
nutrition, health care
Topics are for example materials for
diagnostics and imaging, drug and

bio-active compounds delivery
systems, cosmetics;

« Quality of life
Smart materials that respond to their
environment, that are self-cleaning,
anti-fouling and have anti-corrosion
properties; and

- Citizen protection
Sensors and detectors, novel
protecting clothing and more.

CONCLUSION & CONNECTIONS TO
OTHER TECHNOLOGY PLATFORMS
OR SECTIONS

In summary, the future of the materials
technology section is driven by societal

Table 2: Overlap with other Technology Platforms

Understanding ~ Computational
TeChrIOIOgy of structure material
Platforms activity relationships science
Fuel cells

Nanoelectronics
Plant genomics
Water

Photovoltaic

Road transport

needs and the basis of success will be
multidisciplinary teams with intensive
cooperation among industries and
academia. Furthermore, new materials
form the cornerstone for many innova-
tions in downstream industries and
material science will act as an enabling
technology for many of the other
European technology platforms under
preparation, including: hydrogen and
fuel cells; nanoelectronics; nanomedi-
cine; photovoltaics; aeronautics and
textiles and clothing.

Analytical Synthesis & Products
techniques manufacturing
of materials

Rail transport

Marine transport
Mobile and wireless
Innovative medicine
Aeronautics
Space tech.
Steel

Manufacturing

Construction
Animal health
Advanced materials

Gas reactors

Forestry
Nanomedicine

Artemis/Embedded
systems

Textiles & clothing

Materials relevance
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ANNEX 2.
REACTION AND PROCESS
DESIGN

Reaction and process design is of vital
importance for the chemical industry.
The life cycles of products are becom-
ing shorter and specialty chemicals are
transformed rapidly into commodity
products. The only way to remain
profitable under these high cost
pressure conditions is to keep a high
level of excellence in the area of
reaction and process design. It is of
paramount importance to have the
best, i.e. the fastest, cheapest and
cleanest production processes.

As reaction and process design we
define a group of enabling technologies
that can be applied to all areas of
chemistry aiming at optimisation of
production processes for basic chemi-
cals, intermediates and fine chemicals.

Two complementary approaches are
integrated in this section:

Chemical synthesis including:

« Novel synthetic routes and new
reactions;

« Novel solvents and solvent-free
routes; and

- Catalysis.

Process science and engineering
including:

« Reactor design;

« Drying and purification methods;

- Distillation, crystallisation and
separation technologies;

« Product design and formulation; and

« Process analysis and control.

Reaction and process design encom-
passes both reaction design and
process engineering. These are well
established disciplines that are the
foundation for the development, scale-up
and design of chemical manufacturing
facilities. When effectively integrated with
basic science and enabling technolo-
gies, this area offers great potential for
a quantitative understanding of chemi-
cal manufacturing allowing for
improved yields, reduced waste and
higher capital utilisation. Our strategic
priorities are to enhance Europe's
capabilities in reaction design and
process engineering; to promote excel-
lence and enthuse the next generation;
and to lead debate by guiding informed
thinking and influencing public policy.

The smart design of the synthesis route
itself is a key factor for processes with
reduced waste, side products and
energy consumption based on inexpen-
sive raw materials. High throughput
experimentation accelerates product
development due to rapid parameter
screening (e.g. solvents, temperatures,
and catalysts). Highly sophisticated,
multifunctional or micro-structured
mixing/reaction devices give access to
intensified processes with better
economics. Mature large-scale produc-
tion processes serve as an example that
process optimisation and innovation is
indispensable and feasible even for a
bulk commodity. New reaction paths
(e.g. based on smooth oxidation agents
such as hydrogen peroxide or break-
throughs in selective oxidations using
molecular oxygen) open the window for
potentially superior processes differenti-
ating the European industry from other
chemical producing regions.

Micro technologies have achieved
major break-throughs not only in areas
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such as fine chemicals but also for bulk
chemicals and polymers. Process
Integration combining various steps in
one apparatus opens up areas for
improvement in bulk chemical process-
ing. Reactive distillation, dividing wall
columns, separation with ionic liquids,
heat and power integration result in
significant savings in capital and opera-
tional expenses.

More than 80% of the chemical
products depend on catalytic reactions.
Due to its significant impact on process
performance, catalysis is still a key
enabling technology. Even in mature
processes such as polyolefin produc-
tion, the latest catalyst developments
achieve activities orders of magnitudes
higher than in earlier decades. Catalyst
development is enabled by reaction
engineering and vice-versa; catalyst and
reactor are developed simultaneously.
Integration and intensification of
processes combined with new catalyst
concepts are essential for the design of
competitive commodity processes.
Catalysis is definitely a decisive technol-
ogy in tapping new feedstock,
producing high performance materials
and creating environment-friendly
processes.

In general, the manufacturing of chemi-
cals and functional materials based on
renewable resources is becoming more
and more important. Large-scale bio-
production of mass polymers and

basic chemicals will be state of the art.

In contrast to large-scale biotechnologi-
cal processes for commodity chemicals
and polymers, synthesis of drugs,
antibiotics, therapeutic proteins, etc.
requires sophisticated, small-scale
technologies offering a wide area for
research and development.



Although fermentation and enzymatic
conversion are established production
techniques, within 20 years new
approaches in biotechnology will
provide an important tool for new
biochemical processes (proteins,
antibodies etc.) and a very attractive
alternative for classical chemical
processes as well. This Platform will
consider computer based optimisation
tools of bioprocesses, unit operations
for fermentation, cell handling/separa-
tion and of course purification
techniques (chromatography, crystalli-
sation, virus inactivation and
freeze-drying).

Last but not least, the process industry
in 2025 will be tremendously influenced
by the developments in in-silico
technologies. Computer methods have
developed dramatically in the last
decade and will develop further by
2025. Both modern hardware and
software give rise to fast modelling,
simulation and data mining. The
simulation tools for complex chemical
processes represent an excellent know-
how basis for many in-silico technologies.
As an example, computer methods for
individual medical therapy, the search
for active ingredients supported by
property prediction and the improve-
ment of biological processes by
simulation on a cellular level will accel-
erate product development
significantly, increase process yield/
productivity and lead to new and
unexpected business possibilities.

STRATEGIC RESEARCH AGENDA
The Strategic Research Agenda for
reaction and process engineering must
include the following areas in order to
meet the challenges outlined:

Smart synthesis routes

Organic synthesis, despite being a
mature science continues to develop
and is learning some new tricks that
will have great impact on the future of
the chemical industry including.

Development of novel reaction
pathways to give:

« Processes with high atom efficiency
(= no or less waste);

« Reuse of wastes, closing of material
loops;

« Selective oxidation using molecular
oxygen;

« Processes avoiding hazardous
adducts and by-products;

« Use of CO, as molecular building
block;

- Use of biotechnology as an alternative
to chemical processes; and

« Use of renewable feedstocks for
industrial chemistry (biorefineries).

New synthetic methodologies could
exploit renewable resources such as
emission gases like CO, CO,. These
could be used as raw materials for a
number of compounds and products.
Development of new methodologies
and catalysts for the incorporation of
these cheap and readily available raw
materials is required.

Use of alternative reaction media:

« lonic liquids: lonic liquids have been
described as green solvents, as a
result of their low vapour pressure,
and even though BASF and Degussa
have recently developed processes
involving ionic liquids, a lot of
research is needed to allow wider use
of ionic liquids in the chemical indus-
try. The separation of the final product
from the solvent is a problem that

remains to be solved, fundamental
studies on the properties of ionic
liquids and the kinetics and reaction
parameters in ionic liquids are still
lacking. The wide variety of ionic
liquids available and the possibility of
having a tailored synthesis of ionic
liquid for given applications open
significant opportunities for this
topic; and

Use of water as a solvent: Water is
one of the cheapest and most
environmentally friendly solvents,
however, most chemical transforma-
tions take place in organic solvents.
New paradigms in research have to
be developed in order to use water in
organic synthesis, not only dealing
with the stability of reagents and
catalysts, but also with the solubility
problems of adducts and products.

.

Use of alternative reaction conditions:

« High pressure and supercritical
gases (i.e. CO,) as solvents, micro-
emulsion media;

« Photochemical and electrochemical
reactions; and

« Microwave- and ultrasonic induced
reactions (e.g. polymerisation).

Microtechnology
Developments in this area could
include:

« New apparatus for technical applica-
tion (cheap, easy to clean and / or
easy to change, long term stability
towards reaction conditions, e.g.
corrosion resistant, high tolerance
of fouling and blockage);

« New plant concepts for highly
intensified processes including
logistic and supply chain aspects;

- Online analytical tools for
microreactors; and
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« Combined/integrated approaches
(e.g. catalytic microreactors, high
throughput experimentation includ-
ing combinatorial approaches).

Catalysis®

Catalysis is the chemical and molecular
science that focuses on accelerating and
increasing the material and energy
efficiency of chemical reactions. More
than 80% of the processes in the chemi-
cal industry (including pharmaceuticals),
worth approximately €1500 billion,
depend on catalytic technologies
(Source: VCI). Catalysis directly
contributes 2 to 3% of the EU's GDP,
and an order of magnitude larger when
taking into account industries that
depend on chemical raw materials
(source: OECD). There is constant need
for improved conversion technologies
and new catalysts including enzymes,
coupled with novel reactor and process
technologies including:

« C-H-bond activation for the exploita-
tion of lower alkanes such as
methane and ethane as the major
constituents of natural gas; direct
conversion of alkanes to valuable,
functionalised molecules; advanced
syngas chemistry;

Catalytic systems for the conversion
of alternative feedstocks such as
biomass and waste ;

Enabling the use of hydrogen in
energy systems (cheaper, catalysts in
converters and fuel cells with higher
lifetime, CO tolerant catalysts in fuel
cells, hydrogen storage materials);
Catalysis with respect to mobility
(improved exhaust gas converters,
fuels free from sulphur and aromatic
hydrocarbons);

Improved catalytic methods for the
production of life science intermedi-
ates and active ingredients (such as
enantioselective reactions);

.

.

- New and improved catalytic systems
for high performance polymers
(production of monomers, tailor-
made polymeric materials by smart
catalysts);

« Environment protection (catalytic
exhaust gas and waste water purifi-
cation);

- Integrated reactor approaches
(catalytic microreactors, catalytic
membrane reactors); and

- Improved methods for the under-
standing of catalysts (character-
isation, mechanisms) for a rational
catalyst design.

Reactor design, plant design and
unit operations
The emphasis here should be on:

« Process intensification by integrated
approaches: combination of reaction
and separation, catalytic membrane
reactors, catalytic microreactors;

« Reduced capital investments using
cheaper units (integration of differ-
ent separations in one apparatus);

« New plant concepts for reduction of
investments (value engineering) and
process costs including knowledge-
based manufacturing concepts
(e.g. batch/semi-batch, network/
distributed manufacturing); and

- Adaptation of unit operations to new
challenges: pre- and post processing
of biomass feedstocks.

Materials properties design

The area will link with the materials
technology section to investigate
topics including:

« Methods for tailoring active ingredi-
ent properties with regard to specific
application demands (e.g. encapsu-
lation of reactives, drug delivery
systems by coating, intercalation or
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encapsulation, taste mask, drug
targeting, controlled and triggered
release formulations, multi-
emulsions).

Drying methods and purification
techniques
Topics include:

- Adaptation of established
techniques to new challenges: drying
and processing of nanomaterials,
purification of nanomaterials; and

- Purification of biotechnological
products.

In-silico technologies
This area will cover:

« Adaptation of established techniques
to new challenges: systems biology
approach in bioprocesses, metabolic
engineering for the improvement of
fermentations; and

- Digital manufacturing employing
advanced modelling and planning
tools.



ANNEX 3.
INDUSTRIAL BIOTECHNOLOGY

In the past, eco-industries have mainly
been associated with end-of-pipe
technologies focusing on waste treat-
ment rather than waste prevention.
Today, modern industrial biotechnolo-
gies are preventative, focusing on
cleaner manufacturing processes to
minimise waste at source. Industrial
biotechnologies range from the use of
enzymes or whole cell systems to
catalyse chemical conversions of
conventional or renewable resources,
to thermo chemical and (catalytic)
hydrothermal (sub- and supercritical
water) biomass conversion processes
for bulk chemical industry. Examples of
the results biotechnology can produce
include:

« The move to bio-processing for
production of vitamin B2 resulted in
a 40% cost reduction and only 5%
of the previous level of waste;

« A similar change to a biological
production process for antibiotics
combined the original ten-stage
process into a single step, giving a
65% reduction in waste, using 50%
less energy and halving the cost;

« Use of enzymes for textile processing
reduced energy needs by 25% and
gave 60% less effluent;

« Production of bio-plastics derived from
cornstarch reduced the inputs of fossil
fuels by 17-55% compared to the
conventional alternatives; and

« The use of bio-fuels and conversion of
chemical processes to use agricultural
feedstocks gives significant reductions
in net carbon emissions.

PROSPECTS
Further development of industrial
biotechnology will enable improvement

of current chemical processes as well as
allowing for the use of unconventional
renewable raw materials including low
value biomass.

Although a small number of industries
are involved in industrial biotechnology
today, its contribution will be most
keenly felt in the EU's heavy industries,
which will increasingly depend on it to
remain competitive. Biotechnology will
have an impact on a great many indus-
tries including: the chemical industry;
the pharmaceutical industry; the food,
drink and feed industry; the pulp and
paper industry; the textile industry; the
detergents industry; the energy sector;
and the agricultural sector.

The development of industrial biotech-
nology is of great interest to the
European chemical industry and agro-
industry. Through the collaboration of
these two industries, entirely new
chemical activities can be created.
Industrial biotechnology can contribute
significantly to the future of European
agriculture, and as such is very relevant
for the sustainable development of our
society.

According to a McKinsey study”’
biotechnology is expected to make
significant inroads in all areas of the
chemical industry by 2010, but particu-
larly in the fine chemicals sector.
McKinsey estimates that biological
process will, at the end of the decade,
account for between 10 and 20% of
production across the whole industry,
from a current level of 5%. For the
polymers and bulk chemicals sector, the
penetration of biotechnology is estimat-
ed at 6-12%, but for fine chemicals the
figure is predicted to be between 30 and
60%. Continued growth of industrial
biotechnology is expected beyond 2010.

McKinsey estimate the current value of
chemical products produced using
biotechnology to be at least $50 billion
and believe this could rise to $160
billion by the end of this decade.

These figures are impressive, but the
exact rate of growth will depend on a
number of factors. The relative prices of
oil and agricultural raw materials,
combined with the speed of technologi-
cal progress, will be major determinants.
However, of equal importance will be
the political will to support and develop
the technology base.

Strategic Research Agenda

White biotechnology is a relatively new
discipline and therefore immature: there
are major areas of knowledge still to be
explored. This presents a bottleneck to
greater exploitation, but also offers a
tremendous opportunity for further
research. As a first step on the road to
increased industrial use of the biological
sciences, a Strategic Research Agenda
covering both basic and applied science
is needed. Both are essential: basic
science to develop our fundamental
knowledge base, and applied science to
use this knowledge to introduce innova-
tive products and processes.

Industrial biotechnology is by its nature
a multi-disciplinary area, comprising
biology, microbiology, biochemistry,
molecular biotechnology, chemistry,
engineering etc. This can be a strength,
since combining knowledge from differ-
ent scientific specialisms can create
unexpected synergies. However, it can
also be a weakness if the various disci-
plines remain fragmented and
unconnected. Good contacts and
coordination, including the formation of
multi-disciplinary project teams, is there-
fore essential if industrial biotechnology
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is to be a real driver of innovation and
sustainability in Europe.

The strategic research agenda should be
organised within the following research
areas in industrial biotechnology:

« Novel enzymes and micro-organisms -
metagenomics: The search for novel
enzymes and micro-organisms from
specific or extreme environments,
whether by direct isolation or mining
of metagenomes will create an
expanding range of biological process-
es for industrial use;

Fermentation science: Processes will
continue to be improved as knowl-
edge of microbial physiology and
nutrition is combined with better
understanding of bioreactor
performance and improved equip-
ment design;

Metabolic engineering and modelling:
As our understanding of micro organ-
ism metabolism improves, there will
be increasing opportunities to modify
bacteria and yeasts to produce new
products and increase yields;
Performance proteins and nano-
composite materials: The
combination of proteins and inorganic
materials, often with specific nano-
scale geometry, offers new and
innovative product areas such as self-
cleaning, self-repairing and sensing
products. This is a good example of a
new and fertile scientific interface that
must be explored by multi-disciplinary
teams;

.

.

.

« Microbial genomics and bio-informat-
ics: The key to understanding the
activities of micro-organisms lies in

a fuller knowledge of their genetics.
With good genome mapping, we
would be in a better position to
identify desirable metabolic pathways
and adapt them to manufacturing
processes;

Biocatalyst function and optimisation:
Techniques such as protein engineer-
ing, gene shuffling and directed
evolution will enable the development
of enzymes better suited to industrial
environments. These tools also allow
the synthesis of new bio-catalysts for
completely novel applications;
Bio-catalytic process design:
Biological processes that work well in
the laboratory need careful scale-up if
they are to be equally effective on an
industrial level. Good process

engineering knowledge and skills are

essential to this;

Innovative down-stream processing:
Once made in a bio-reactor, products
have to be efficiently recovered and
purified if the product quality and
economics are to be acceptable.
Down-stream process design is

therefore an integral part of success-

ful innovation; and
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« Integrated bio-refineries: At a
manufacturing scale, there has to be
efficient integration of the various
steps from handling and processing
of biomass, fermentation in bio-
reactors, any necessary chemical
processing and final recovery and
purification of the product. The level
of sophistication and control built
up over many years in the chemical
industry also needs to be achieved
in bio-refineries.

These various aspects of industrial
biotechnology have different potentials
in a wide range of application areas
such as fine chemicals, bulk chemicals
and intermediates, performance chemi-
cals, biofuels, food and feed ingredients,
paper and pulp, textiles, pharmaceutical
sectors.



ANNEX 4.
HORIZONTAL ISSUES

Successful innovation is never defined
solely by scientific and technological
aspects. Many other factors need to be
addressed including economic, regula-
tory, and societal issues. Where such
issues are common to the three
technology sections, they will be
addressed within the Horizontal Issues
Group. This is the starting point and
first priority for the group.

In addition, the diverse range of stake-
holders that contribute to the
Horizontal Issues Group may raise
other specific items that are synergistic
to the aims of SusChem. Furthermore,
advances from the technology sections
themselves may yield knowledge that
can be applied more generically to
bring benefits to the technology
platform's ultimate customers - the
citizens of the EU.

The first step for the Horizontal Issues
Group will be to identify and under-
stand the impact of these generic
factors. From this we will build a
portfolio of issues that we believe we
can influence in a significant manner
using the resources of the platform and
its stakeholders. Our goal will be to
take concrete steps to minimise the
more critical “horizontal barriers to
innovation” and to initiate a few impor-
tant programmes that can stimulate “a
more supportive environment for
innovation”. The Horizontal Issues
Group will thus provide a service to the
technology sections and to the stake-
holders of the Platform, and as such
will be an integral part of SusChem.

To address its programme, the
Horizontal Working Group will split its

activities amongst three task forces,
covering the following topics:

« HSE - Health Safety &
Environmental Issues;

« Requirements for a supportive
environment; and

- Financial mechanisms needed for
more successful innovation within
the EU.

Each of the above task forces will need
to contribute to a pro-active communi-
cations and coordination programme to
keep key stakeholders well informed and
ensure that due account is always taken
of societal concerns. Activities within the
task forces will vary from defining poten-
tial research topics for eventual
inclusion in the programme to capturing
best practices from other countries or
bodies involved in innovation. Activities
on individual issues will also vary from
direct actions where we manage a
project, to much more limited initiatives
where we simply generate a position
statement on behalf of the platform.

An important element of the group's
strategy will be to leverage effectively
existing activities of institutions, associ-
ations and other bodies with an
interest in supporting improvements in
future chemistry innovations. Within
this context we will be very much
focused on developing new pragmatic
solutions to our future issues, once we
have clear consensus on what today's
priority constraints are.

Examples of potential generic issues
that would need to be characterised
and addressed include:

« Risk communication: The real, rather
than perceived, risk from innovative
technologies needs to be effectively

discussed with wider society to
achieve earlier and broader societal
acceptance. Past practices which
had one side focusing on scare-
mongering and the other side
ignoring the need for dialogue, need
to be replaced by an inclusive
process based on a constructive and
early dialogue. In addition the
benefit of the technology needs to
be effectively communicated to
ensure adequate understanding of
the risks of not making use of the
new technology;

Global communication coordination:
New technologies that attract
headlines such as nano-technology
and bio-technology face an array of
initiatives at country and regional
level. These initiatives vary from
setting standards to devising test
methods to proposing use restric-
tions. In each of these cases there is
a need for a coherent communica-
tions strategy. Whilst the individual
technology sections will address their
technical concerns, there may be an
important coordination role for the
Horizontal Issues Group to ensure a
concerted European approach;

.

Skills and knowledge base: The avail-
ability and mobility of an
appropriately qualified and skilled
labour force is essential to the long-
term viability and innovative capacity
of the European chemical industry.
The ability to attract the best human
resources, update training
programmes and ensure adequate
funding for the chemical sciences
throughout an enlarged Europe is an
important objective of SusChem.
Activities here can be pursued in
conjunction with partner organisa-
tions such as AllChemE?;
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« Education: Teaching activities in
science and chemistry in particular
must be enhanced. Laboratories must
be made more available for school
pupils to make chemistry more attrac-
tive. With no, or very limited, practical
experience in chemistry, we lose not
only potential future innovators but
we also risk building a society that
finds it increasingly difficult to under-
stand the most basic aspects of the
technology that they expect us to
deliver. An example of a recent initia-
tive in this area is the European
Union Science Olympiad (EUSO):
http:/ /www.euso.dcu.ie;

Regulatory safety assessment: New
actions are being taken to work on
more intelligent testing strategies.
Included within this are specific
plans to develop alternatives to
animal testing. It is logical to explore
synergies with these programmes for
a number of reasons. Firstly new
technologies will raise new issues and
these will need to be appropriately
addressed in any new testing strategy.
Secondly the technologies themselves
will develop new capabilities, such as
advanced computational modelling,
that may have applicability within
these testing strategies. Potential
partners in the Commission, includ-
ing the Joint Research Centre (JRC), will
be an instrumental factor in this area.
The Horizontal Issues Group can also
serve as a mediator between the
Platform and initiatives on the above at
ECOPA, ECVAM and ECETOC;

« Industry-academia research collabora-
tions: Collaborative research is an
important driver of innovation.
Facilitation of cooperation with
academic partners to access remote
expertise and enhance time to
market is an aim of SusChem;

More effective use of resources:
Significant societal concerns such as
reducing our reliance on fossil fuels
and reducing the emission of waste
will be addressed from the technical
perspective in all the technology
sections. Within the Horizontal
Issues Group the breadth of our
stakeholder base could be used to
facilitate the exploitation of progress
made in these areas; and

Access to Venture Capital: This is a
potentially limiting factor in the
successful adoption and implemen-
tation of innovation. In particular,
this is a problem for SMEs.
Improved knowledge of sources, and
enhanced availability, of risk capital
will therefore be a success criterion
for SusChem. Roles for the European
Investment Bank (EIB), the
European Investment Funds (EIF)
and private venture capital providers
can be envisaged here.
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Within the Horizontal Issues Group we
have an obvious goal to support
successful innovation. We are also
focused both on the future and the
current needs of the platform's new
technologies. However, we are at the
start of both the definition of these new
technologies and our stakeholder
dialogue processes. To take account of
this our “horizontal vision” will mature
with further input. In parallel, the above
(and other) examples will evolve into
concrete issues or be removed from
our priority list. In this manner the
horizontal agenda will develop into a
clear and actionable support plan for
SusChem.

Ultimately, our vision will yield a plan
that addresses which specific items we
need to change within 5, 10 and 15
years. Successful implementation of
these changes will create a society with
a sufficient understanding and appreci-
ation of our innovations so that they
will become a primary catalyst for
further innovations.
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