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Environmental technology
meets nanotechnology -

German companies have always held a leading
position in environmental technology. Hessian
companies are right at the forefront and are sup-
ported by the Hessian Environmental Technology
initiative of my Ministry. Nevertheless, Hessen
cannot rest on its laurels. In these times of con-
stantly growing and changing markets, a key to
success is in research and the use of innovative

technologies.

One of the most important new technologies of
this new century is nanotechnology. The selective
use and influencing of physical and chemical
properties can lead to nanotechnological innova-
tions which can affect all spheres of our lives in
the form of new products. All nanotechnology
sectors are being intensively researched in Hessen.
The Hessen NanoNetwork of Hessian Universities
founded in 2004, together with our Hessian
Nanotechnology initiative and our Technology
Transfer Network (TTN-Hessen), are supporting
Hessen universities by encouraging collaboration
with Hessen enterprises. Leading companies

are already working as providers or users of nano-

technology.

because success
thrives on innovation!

Despite this, a business survey carried out by my
Ministry among more than 6,000 Hessian enter-
prises has shown that the potential of nanotech-

nology is not yet sufficiently well understood.

Thus, true to the motto “Support strengths”, we
aim to integrate our existing strengths in nano-
technology in Hessen with the prominent market
position of environmental technology businesses.
The small and medium-sized environmental tech-
nology companies in Hessen serve as the lynch-
pin and are a key element in the value chain. Their
power of innovation and their detailed under-
standing of the market are the levers we can and
should use. It is only by working closely with small
and medium-sized enterprises that Hessen can
continue to assume a strong position against

international competition.

The present brochure is intended as a help towards
achieving this aim. | hope that we can arouse your
interest in nanotechnology and thus encourage
the development of new environmental technol-

ogy products based on nanotechnology.

Dr. Alois Rhiel

Hessian Minister for Economics, Transport,

Urban and Regional Development
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Summary

Nanotechnology is distinguished by the function-
alities and properties of components and mate-
rials which are dependent on effects in the

nanometer range (10°m)

Nanotechnology will be among the key technolo-
gies of the twenty-first century. It is distinguished by
the functionalities and properties of components
and materials which are dependent on effects in the
nanometer range (10"?m). Nanotechnology aims to
tailor and design nanoscale structures with defined
functionalities. This includes, for example, mechani-
cal, chemical or geometric properties of particles or

surfaces which are used in product systems.

It is expected that nanotechnology will influence
practically all industrial sectors in the medium term.
The possible applications range from optimisation
of existing products and processes to product
innovations up to revolutionary new production
concepts. Nanotechnology will thus influence all
areas of social life. However, many nanotechnologi-
cal applications are currently still in the research
stage, and even more research and development
work is needed for numerous applications. Never-
theless, the first product innovations have already
found their way on to the market (see Figure 8,
page 16). For example, TiO, nanoparticles are used
for UV-protection in sun creams, or nanoparticles
in scratchproof car paints, and nanothreads are

being used to optimise new filter systems.

As of today, environmental technology has not been
a direct driving force in nanotechnology research.
However, due to the characteristics of nanotechnol-
ogy, many technological innovations in environmen-
tal technology are conceivable: Mechanical, chemi-
cal, and biological functionalities and the geometric
properties of nanotechnology can be used in many
environmental technology applications, e. g. in filtra-
tion, sensors, catalysis, or in energy systems (see
Table 2, page 26).

Environmental technology may also benefit from
a range of “indirect” nanotechnology application
areas. These include surfaces with proven environ-

mentally friendly easy-to-clean properties.

In this way, nanotechnology can support environ-
mental technology companies and lead to new

product innovations where:

physical-chemical methods/ processes play an
important role and where a particularly large
surface /volume ratio has a strong influence on

the process,

the products are based on biological methods
/ processes, particularly at the interface

between biological and technical components,

the design and functionalisation of surfaces or
boundary surfaces are very important and their

influence improves the product value, or

further miniaturisation or compact systems
(e. g. sensors and energy supply) will be

required.

What are the following steps?

If one or more of these aspects is of importance for
a company's product or processes, the next step
would be to analyse in detail what “nanofunction-
ality” (see Chapter 3.3) could be used to enhance
product value and how the new technological
properties would fit in with established technolo-

gies (see Chapter 3).

To estimate the use potential, the company could
widen its knowledge by searching the technologi-
cal literature and the internet, analysing patents or
contacting research and technology transfer

organisations in Hessen (see page 49).



Surveys in the context of this brochure have shown
that nanotechnology is still largely unknown in the
environmental technology sector. At present, nano-
technology research is strongly driven by technical
possibilities while environmental technology is
problem-oriented. Both approaches need to be
merged in order to develop innovative products

and services - the potential is there.

Hessen is well-positioned in both nanotechnology
and environmental technology. All nanotechnol-
ogy sectors are being researched to a high interna-
tional level in Hessen and well-known companies
are active in the nanotechnological field. In envi-
ronmental technology, Hessen is particularly well
placed in the following fields: water/ wastewater,
waste, energy/ clean air/ climate protection, anal-
ysis/ measurement and control technology, and
integrated product policy. Thus all the necessary
facilities are available to advance research in the
overlapping areas of nanotechnology and environ-
mental technology and to put them to practical
use. This makes a valuable contribution to environ-
mental protection and at the same time strength-

ens the Hessian economy.

The present brochure demonstrates the innovative
potential of nanotechnology for environmental
technology companies in Hessen. It starts out with
a introduction to nanotechnology and its various
functionalities on the basis of which the applica-
tion potential in environmental technology can be
assessed. The application potential is then set
against the facilities already available in Hessen'’s
nanotechnology sector. Examples of possible uses
for nanotechnology are provided by selected envi-
ronmental technology applications in filtration,
pollutant decomposition, catalysis and sensors.
The brochure ends with an account of the innova-
tive potential of nanotechnology from the point of
view of technology management and demonstrates
approaches for effective technology transfer of

nanotechnology to environmental technology.

For a fast overview:

What's new in nanotechnology?

Chapter 1.2, page 9
Figure 5, page 9

What can nanotechnology do?
Chapter 1.3, page 12

What applications already exist

and what are still to come?

Chapter 1.4, page 14
Figure 8, page 16

What are possible applications for

environmental technology?

Table 1, page 20/ 21
Table 2, page 26

What concrete applications are there already

in environmental technology?
Chapter 2.4, page 29

How should environmental technology

companies proceed?
Chapter 3, page 34
What contacts are available in Hessen?

Information & addresses, page 49




Introduction - why this brochure?

Nanotechnology will be among the key technolo-
gies of the twenty-first century (Bierhals 2000,
BMBF 2002, VDI 2004/2). It is important to under-
stand the new functionalities and properties of
materials and elements at the molecular level
which are strongly dependent on the nanoscale
effects of their components. Examples of such
nanoscale effects are chemical surface properties
which resultin new catalytic or adsorption function-
alities of materials. For example, a nanostructured
surface provides a layer which is not wetted either
by water or by oil (ultraphobic) and to which liquids
and dirt do not adhere (see the Lotus effect in Fig-

ure 1 as an example).

Figure 1:

Left: A double structured biological surface optimised for self
cleaning. Contact surfaces are minimised by the combination
of microstructure (cells) and nanostructure (wax crystals)
(Source: Professor Wilhelm Barthlott, University of Bonn).
Right: Lotusan® exterior paint which cleans itself with rain

through the Lotus-Effect® (Source: sto AG)

Nanotechnology is not a product or a process - it
describes new discoveries about material proper-
ties and structure in the 10”m dimension. The
combination of these findings with existing con-
ventional products or technologies opens up com-
pletely new perspectives. These extend not only to
the product and its application areas, but also to
the engineering of products. However, before
analysing possible uses of nanotechnology in envi-
ronmental technology, it is important first of all to
understand the effects and potentials of both tech-
nologies. Only in this way it is possible to make
deliberate use of the properties of nanomaterials,
integrate them at the macroscopic level and fit
them together to form new, complex product sys-
tems (Figure 2, page 7).

Environmental technology - like nanotechnology -
is an interdisciplinary work field, which sets out to
solve environmental problems in the separate
environmental media. The media-related areas of
application for environmental technology offer
numerous opportunities for the use of nanotech-
nology. Nanotechnology can help to provide solu-
tions for future water and energy supply problems.
Filter systems, solar and fuel cells, and water treat-
ment (e.g. sea water desalination) are research

areas with great market potential.

Environmental technology is forecasted to have a
world wide market size of 750,000 million Euros by
the year 2010, which corresponds to an average
annual growth of eight percent. Its usage and
growth potential thus make environmental tech-
nology an attractive field of application for nano-
technology. The export of innovative environmen-
tal technology therefore provides considerable
opportunities for companies in Hessen. Environ-
mental technology may also benefit from nan-
otechnological innovations in the areas of material
techno-logy, process technology, biotechnology,

microtechnology, or information technology.





















o, H,0,
OH"™
H,O

200

Substrate

Figure 14: New functionality through nanotechnology:

Photocatalysis with TiO,-nanoparticles (Source: NANO-X)

Chemical sensors based on biosensors are func-
tionalised with biomolecules or complete cells and
enable a selective connection of biomolecules,

viruses or cells using molecular recognition.
Lab-on-Chip systems are based on:

switchable molecular membranes (nanofluidic)

based on lipids in ultra-thin layers,

self-organising monolayers for biomolecule

or cell immobilisation, or

coated semiconductor quantum points
(connection semiconductors, polymers)

as fluorescence markers.

The benefits and uses are molecule-specific lab-on-
chip systems, faster and more selective detection,
miniaturised analysis systems, the use of larger and
more molecule-selective surfaces on chip systems,
direct "on-site” analysis results, large analysis areas
(cells, molecules, metal bondings), in some cases
significantly increased sensitivity, approach speed

and selectivity, and a low energy consumption.

The challenges are to master the critical dimen-
sions and to reach long-term thermal and chemical
stability of the material. There are still partial prob-
lems in the coupling to electrical or optically read-
able structures. The development and manufac-
ture require a high degree of interdisciplinarity
between the chip industry, biochemistry and engi-

neering.

A number of sensors are already in use. Most of the
concepts, e. g. the development of more practical
chemical sensors based on molecularly imprinted

polymers, are still at the research stage.

Practical example of nanosensors: Chemical

sensors with substance-selective nanolayer

In the context of a research project promoted by
the Federal Ministry for Education and Research
(BMBF), Thomas Recording GmbH in GieBen in
cooperation with partners at the GieBen,
Freiburg, Bochum and Southampton (UK) uni-
versities has developed the world’s first multi-
channel chemical sensor which can detect,
among other things, transmitters such as dopa-
mine. This development has been possible due
to the use of special multi-channel fibres. These
fibres have to seven metal wires isolated from
each other, although the complete multifibre has
a diameter of only 100 microns. Metal contact
surfaces at the tip of the fibre are covered with a
thin sensor layer of a few nm. Specially for use in
plant research, Thomas Recording GmbH has
succeeded for the first time in manufacturing thin
electrodes of a few nm with which it is possible to
perform physiological measurements in the

intercellular spaces of a leaf.

Literature: EPA (2002), TAB (2004), Royal Society and Royal
Academy of Engineering (2003), Roco und Tornellini (2002)



3 Innovation potential and

technology transfer approaches

As a cross-sector technology, nanotechnology has
a large innovation potential for many technical
applications in the field of environmental protec-
tion. The use of nanotechnology can result in more
efficient, more selective or miniaturised solutions.
It can contribute directly to resource efficiency and
indirectly to the improvement and further develop-
ment of environmental technology applications.
Thus, a coupling of both technologies can con-
tribute to further strengthening of Hessen's scien-
tific and economical position in the fields of envi-

ronmental technology and nanotechnology.

Nanotechnology is particularly interesting for
Hessen’s environmental technology
enterprises if ...

Nanotechnology provides a multitude of function-
alites for environmental technology (see Table 2,
pages 26/27). Whether the use of nanotechnol-
ogy will be of advantage for environmental tech-
nology companies - for their products or pro-
cesses - depends on the answers to a number of
central questions. Thus, nanotechnology is particu-
larly interesting for Hessen's environmental tech-

nology companies

if physical-chemical processes play an impor-
tant part or a particularly large surface / volume

ratio considerably influences the process,

if biological processes have considerable
importance for the products, especially the
interface between biological and technical

components,

if the design and functionalisation of surfaces
or boundary surfaces have considerable
importance and their influence increases the

usefulness of the product,

if miniaturisation is to be further developed or
compact systems (e. g. sensors and energy

supply) are necessary, or

if nanotechnology is relevant as an additional

competitive factor.

First questions, how nanotechnology can be used
in one’s own products or to create new business
areas

To decide whether or how nanotechnology can
find use in a company’s own products and process
or for creating new business areas, the following
points should be checked (Classification according
to Bullinger 1994):

Can nanotechnology replace a
technology used up to now?
(technology substitution)

An environmental technology company will have
to determine whether nanotechnology can or will
replace known or established technologies which
is uses at present, and thus improve the state of
technology, or whether future nanotechnology

innovations will replace one’s own product.

Possible examples

Nanostructured surfaces for adsorption and
fillers in catalytic reactors replace existing
adsorption media; fuel cells replace batteries as
a new source of energy for portable wireless
electrical equipment; biocide and/ or photocat-
alytic surface coatings for swimming pools
replace water treatment systems; metal hydride
storage as chemical hydrogen storage replaces

physical pressure tanks.




Is nanotechnology complementary to
the technologies used up to now?
(complementary technology)

An environmental technology company will have
to determine whether nanotechnology can im-
prove its processes or products for environmental
protection and thus increase the product’s useful-
ness, or whether nanotechnological innovations
will improve other products and processes or a

new business area will emerge.

Possible examples

New sensor systems made possible by more effi-
cient energy supplies from smaller battery sys-
tems or micro fuel cells; easy-to-clean surfaces, or
lotus effect, resulting in resource-saving pro-
cesses for the process industry; efficiency of solar

cells enhanced by non-contaminating surfaces.

Does nanotechnology give rise to a
new field of technology?

An environmental technology company will have
to determine whether possible innovative applica-
tions with as yet unknown functionalities and appli-
cation areas can be produced by nanotechnology.
Itis important here for technical competence to be
backed up by knowledge of the market and of cus-
tomer requirements, i. e. the combination of tech-
nology-push and market-pull creates new prod-

ucts.

Possible examples

Artificial emulation of photosynthesis; new appli-
cation areas for low-cost sensitised dye or
organic solar cells in the consumer goods market
or as solar paint; pipeline systems with inte-
grated cleaning functionality; integration of
organic solar cell and sensor systems based on

organic electronics.

At the same time, this structuring of nanotechnol-
ogy research and development makes it easier to
select an application area in environmental tech-
nology and to identify suitable collaborations or

partnerships.

The examples (see Chapter 2.4) show the innova-
tive potential of nanotechnology for environmen-
tal technology products and processes. From the
scientific point of view, there are still a number of
unanswered questions concerning long-term
behaviour and effects across the life cycle, or the
potential toxic properties of some nanotechnology
materials (see Chapter 1.6). Considerations of this
kind should be taken realistically into account by
companies at an early stage, because social non-
acceptance of nanotechnology - whether justified
or not - blocks research and development in this
key technology field.

The possible applications of nanotechnology
described here are largely based on use in estab-
lished markets which either show low growth or
are saturated. Market shares are increased by oust-
ing other competitors, which means that the use of
nanotechnology must assert itself against estab-
lished technologies or processes. Differentiation,
technology leadership and system integration are
starting points or part of the strategy for environ-
mental technology companies in Hessen to survive
in competition with nanotechnology or to develop

new areas:



Differentiation, technology leadership
and system integration are starting points for
business strategy

Price differentiation

The use of nanotechnology in environmental
technology clearly results in more cost-effec-
tive and more efficient products and processes
(e. g. low-cost solar cells with improved effi-
ciency). Usage costs must be compared with
manufacturing costs. Easy-to-clean surfaces
save cleaning costs or result in more efficient

system operation, e. g. the coating of solar cells.

Technology leadership differentiation

The use of nanotechnology in environmental
technology (e. g. self-sufficient measurement
sensors for pollutants with high precision or
highly selective membranes) enhances a tech-
nology qualitatively, or fills a market niche.
Small and medium-sized enterprises (SME) will
become “technology enablers” for nanotech-

nology and thus assume a pioneering role.

System integration by system providers

As nanoresearch requires high expenditure
and qualified staff, horizontal or vertical coop-
erations in the value chain are useful and nec-
essary. In turn, such cooperations may emerge
on the market as system providers and thus
also follow the general trend in environmental
technology. In this way, the integration ability
among environmental technology companies
is particularly remarkable, as they often inte-
grate other technologies in their products and
services and provide them as systems with con-
crete customer benefits. Cooperation or opera-
tor models can form new business bases, offer-
ing Hessen’s SMEs the chance to participate in

nanotechnology as part of the value chain.

Knowledge transfer and exchange among the
various disciplines drive the application forward

Knowledge transfer and exchange among the vari-
ous disciplines are also an impetus for the use of
nanotechnology in environmental technology. To
date, the contact points between opportunity-
driven and research-driven nanotechnology and
the problem-oriented approach of environmental
technology are still missing. Environmental tech-
nology companies are often unaware of the spec-
trum provided by nanotechnology or where its
application areas are. Conversely it is also the case
that nanotechnology businesses and research insti-
tutions are unaware of the environmental technol-

ogy problem areas and challenges.

The gaps between technology-push and
market-pull must be closed

The objective and starting point for Hessian envi-
ronmental technology companies - particularly in
the fields: “water/wastewater”, “energy”, “clean
air”, “measuring and control technology” and for
integrated policy issues - is therefore to close the

gap between technology-push and market-pull.



Basic starting points for technology transfer

The promotion of technology and information
transfer between environmental technology and
nanotechnology should already be effected in both
disciplines in the early phases of research. Basic
research should take the possibilities for subse-
quent marketing more into account than it has
done up to now. Vertical and horizontal coopera-
tion in the value chain must therefore be pursued in
order to combine product development and prac-
tice, and in particular to integrate SMEs in the

development process.

Various possibilities are available here for compa-
nies in Hessen. This can take place in virtual form
by setting up “Communities” or establishing busi-
nesses in a value chain, or by research and devel-
opment cooperation in a specific technology park

or industrial estate.

Materials Valley eV."", a competence network for
material research and material technology in the
Rhein Main region, is a good example of how
important impulse effects can be achieved by a
thematic cluster of competences and contribute to
the image of a technology and the region. A link-
up between nanoscientists has been initiated in
Hessen with the recently established “NanoNetz-

120

werkHessen'<” network.

The “hessen-nanotech” and “hessen-umweltech”'?

action lines of the Hessian Ministry of Economics
support the research and development of environ-
mental technology and nanotechnology products
and services - e.g. by competence atlases, infor-
mation brochures, events and projects - and make
Hessen's competencies better known both inside

and outside the region.

The HA Hessen Agentur GmbH' manages these
action lines and is the contact partner for nano-
technological companies and environment tech-
nology businesses which are interested in nano-
technology for improving their products or
processes. It advises on promotional and location
issues and guides interested parties to the respon-
sible technology transfer points between university
and business - in collaboration with the technology
transfer network (TTN-Hessen)' - and to European
partners. The Hessen Agentur GmbH publishes
competence atlases for individual technologies in
order to provide an overview of the separate busi-

ness and research activities in Hessen.

Against the background of the study of environ-
mental technology providers in Hessen (M-Result
2002), the following strategies of Hessen environ-
mental technology companies are also important

for nanotechnology transfer.

Research: Key drivers of the environmental
technology market in the past were legislation
and promotional programmes. The extensive
German and European research programmes
provide opportunities for promoting technol-

ogy research and project consortia.

Collaboration: The importance of joint research
and development projects has been low up to
now. This contrasts with the particular research
intensity and interdisciplinarity of nanotechnol-
ogy, which means that businesses must
develop cooperation and networks to incorpo-
rate know-how in their own research and devel-

opment.

11 http://materials-valley-rheinmain.de

12 www.nanonetzwerkhessen.de

13 www.hessen-nanotech.de and
www.hessen-umwelttech.de

14 www.hessen-agentur.de
15 www.ttn-hessen.de



Differentiation: The strategy of smaller compa-
nies is market differentiation with an innovative
product. Nanotechnology can be an approach
here for using the available nanotechnology

research competences in Hessen for joint envi-

ronmental technology innovations.

A further opportunity to manage cooperation in
research and development is offered by research
programmes aimed at technical implementation of
available research results and the promotion of
mature products. In this way, entry to nanotechnol-
ogy for companies is made possible via research
and development cooperation with universities

and nanotechnology startup businesses.

To ensure the subsequent transfer of results, indus-
try should increasingly make its requirement pro-
files available to researchers and institutions. Net-
working with research and industry must be further
expanded if expert knowledge is to be more effec-
tively used and integrated in the future. The "hes-
sen-nanotech” and "hessen-umwelttech” action
lines support companies and research institutions
here by making contacts with research and devel-

opment.

However, it is also clear that nanotechnology -
like all branches of science - is an international
research field. The networks are linked world wide.
Accordingly, the exchange of information and par-
ticipation in research projects takes place interna-
tionally. However, at the regional level, the bound-
ary conditions for the establishment of technology
businesses can be decisively influenced in order to
achieve or maintain international technical market

leadership.
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Nanotechnology promotion

in millions of Euros
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Research programmes and the market

Nanoresearch, particularly basic materials research,
is largely financed out of public research funds.
Many countries have set up their own research pro-
grammes. The USA spent a total of 1,857 million
US$ for nanotechnology research and develop-
ment over the period from 1997 to 2003, and
approximately 770 million US $ in 2003. In the same
period, 1,281 million US $ was invested in research
and development in Western Europe, an increase of
500 per cent compared to 1997 (Greenpeace
2003). Figure 15 shows an international comparison
of the expenditure on nanotechnology promotion
in 2004.

Germany

EU,inc.D Japan USA

Figure 15: International comparison of nanotechnology

promotion (VDI 2004/1 )'e

right:
Table 3: International and national research programmes
with respect to nanotechnology and relevance to the environ-

mental protection (own research)

USA

National Nanotechnology Initiative (NNI),
WWW.nano.gov

Budget: 2002: 600 million US $
2003: 770 million US'$
2004: 849 million US $
2005: 982 million US'$

21t Century Nanotechnology Development Act

Budget: 2005 to 2008:
just under 3,700 million US$

Elements of research project related to
environmental technology:
Nanotechnology in environmental protection
Possible effects of nanotechnology on the

environment and society

EU
Nanoforum, www.nanoforum.org

Budget: 6" Framework Programme 2002 to 2006:
1,300 million Euros

7th Framework Programme 2007 to 2013:
2,600 million Euros

Elements of research project related to
environmental technology:
New eco-efficient production processes

Conversion / treatment of production waste

16 Total for Germany: Project promotion plus BMBF institu-
tional promotion and project promotion by the Federal
Ministry of Economics and Labour (BMWA)



D
Nanonet, www.nanonet.de

Budget: 2002: 88.5 million Euros
2003: 112 million Euros

Elements of research project related to
environmental technology:
Assessment of technology impacts, risks
Sustainability and nanotechnology
(Steinfeldt 2003)
Ecological implications of the

promotional activities

D

BMBF Framework programme WING - Werk-
stoffinnovationen fiir Industrie und Gesellschaft
(Material innovations for industry and society)

Budget: 2004 to 2006: 250 million Euros

Elements of research project related to
environmental technology:
Resources and energy efficient production
Batteries / hydrogen storage using
nanostructures
Ecological implications of surface treatment

New materials for product innovations

D

BMBF Framework programme “Nanotechnolo-
gie erobert Méarkte” (Nanotechnology conquers
markets): NanoMobile, NanoLux, Nano for Life,

NanoFab, NanoChance

Budget: 2004: 250 million Euros

Nanoresearch in the USA

In the USA, the central research and development
programmes and activities in the nanotechnology
subject area are bundled in the National Nan-
otechnology Initiative (NNI) (NNI 2002). 982 mil-
lion US$ were invested in 2005 for nanotechnol-
ogy research from the USA budget. The long-term
commitment of the USA has recently been assured
for the period 2005-2008 by the “21%' Century
Nanotechnology Development Act” which provi-
des almost 3,700 million US'$ for the five research
organisations: NSF, DoE, NASA, NIST and EPA
(European Commission 2004/1). Figure 10 (page
23) illustrates the distribution of the promotional
measures of the EPA according to environmental

technology classifications.

Whereas R&D nanotechnology programmes in the
USA are co-ordinated or centralised, in the Euro-
pean research landscape there seems to be a gap
between various rapidly advancing programmes
and the financial sources (European Commission
2004/1).



Nanoresearch projects at the National Center For Environmental Research of the

U.S. Environmental Protection Agency (EPA)

(Selection, date September 9, 2004, see http://es.epa.gov/ncer/index.html)

Application area: Analytics

A Life Cycle Analysis Approach for Evaluating Future
Nanotechnology Applications
Carnegie Mellon University, period: 05/2003 - 04/2005

Advanced Nanosensors for Continuous Monitoring
of Heavy Metals

SUNY at Binghamton, New Mexico State University
period: 05/2003 - 04/2006

Compound Specific Imprinted Nanospheres for
Optical Sensing
Clarkson University, University of New Hampshire -
Main Campus, period: 06/2003 - 05/2006

In-Situ Measurement of Vehicle Exhaust Emissions
Using Supramolecular Conducting Polymer Films
Fractal Systems Inc., period: 10/2002 - 07/2003

Low Cost Organic Gas Sensors on Plastic for
Distributed Environmental Monitoring

University of California - Berkeley,
period: 05/2003 - 04/2006

Multi-Analyte Nanoelectronic Air Pollutant Sensors
Nanomix Inc., period: 03/2004 - 08/2004

Nanomaterial-Based Microchip Assays For Continuous
Environmental Monitoring
New Mexico State University, period: 06/2003 - 05/2006

Nanostructured Porous Silicon and Luminescent
Polysiloles as Chemical Sensors for Carcinogenic
Chromium(VI) and Arsenic(V)

University of California - San Diego

period : 01/2002 - 12/2004

Use of fullerenes as groundwater pollution tracers
University of Arizona, period: 01/1996 - 10/1999

Application area: Analytics / Pollutant Decomposition

Simultaneous Environmental Monitoring and
Purification Through Smart Particles
University of Florida, period: 02/2002 - 02/2005

Application area: Coating
Biomimetic Nanostructured Coating for Dry Machining
NanoMech LLC, period: 03/2004 - 08/2004

Application area: Filtration

Development of High Surface Area Material
and Filter Media
eSpin Technologies Inc., period: 04/2002 - 09/2002

Nanocomposite-Based Filter for Arsenic Removal in
Drinking Water
Materials Modification Inc., period: 10/2002 - 07/2003

Use of Ozonation in Combination with Nano-
crystalline Ceramic Membranes for Controlling
Disinfection By-products

Michigan State University, period: 05/2003 - 05/2006

Application area: Filtration / Analytics

Microbial Removal and Integrity Monitoring of High-
Pressure Membranes Used For Water Treatment
University of lllinois at Urbana, period: 01/1997 - 01/1999

Application area: Catalysis

Engineering of Nanocrystal Based Catalytic Materials
for Hydroprocessing of Halogenated Organics
University of Texas at Austin, period: 09/2000 - 08/2004

Enhanced VOC Oxidation
Compact Membrane Systems Inc.
period : 04/2002 - 09/2002

Plasmon Sensitized TiO, Nanoparticles as a Novel
Photocatalyst for Solar Applications
Clemson University, period: 07/2002 - 06/2005

Removal and Disposal of Perchlorate From Drinking
Water by Novel Capacitive Deionization
Material Methods LLC, Zeitraum: 03/2004 - 08/2004

Application area: Catalysis / Decontamination

Dendritic Nanoscale Chelating Agents: Synthesis,
Characterization, Molecular Modeling and Environ-
mental Applications
Howard University, California Institute of Technology,
University of Michigan, period: 12/2002 - 12/2004

Application area: Decontamination

Developing Functional Fe(0)-based Nanoparticles for
In Situ Degradation of DNAPL Chlorinated Organic
Solvents

Carnegie Mellon University, period: 05/2003 - 04/2006

Nanoscale Bimetallic Particles for In Situ Remediation
Lehigh University, period: 01/2002 - 12/2004

Application area: Environmental Effects

Green Engineering of Dispersed Nanoparticles:
Measuring and Modeling Nanoparticle Forces

Pennsylvania State University - Main Campus
period : 02/2002 - 01/2004

Implications of Nanomaterials Manufacture and Use:
Development of a Methodology for Screening
Sustainability

BRIDGES to Sustainability, Rice University

period: 05/2003 - 04/2005



Nanoresearch in the EU

In the 6™ Framework Programme of the European
Union, approximately 1,300 million Euros, 7.5 per
cent of the research funding applied for, is reserved
for the primary subject areas of nanotechnology
research and nanosciences, knowledge-based mul-
tifunctional materials, new production processes
and equipment. Altogether, 3,420 millionEuros will
be provided for projects in the “Industrial Technolo-
gies” and “Materials” areas. Environmentally
friendly technologies, which also include applica-
tions of nanotechnology, play a central part here
(European Commission 2003).

Apart from long-term interdisciplinary research to
expand the present state of knowledge, the 6™
Framework Programme focuses principally on
engineering for the development of materials and
components, the development of measurement
and control equipment and instruments, and
applications in areas such as medicine, chemistry,
optics, energy technology and environmental
technology (VDI 2004/1).

With respect to the next framework programme,
the European Commission specified a harmonised
innovation policy at the European level and criti-
cised the unfavourable working conditions for
innovations in a communication of May 12, 2004
and others. Against this background, the European
Commission proposed the following strategy:'’

planned doubling of the budget for nanotech-
nologies / new materials for the 7" Framework
Research Programme (to run from 2007 to
2013) (budget to date in the 6™ Framework

Programme: 1,300 million Euros),

transnational collaboration of

research institutions,

high-tech centres for peak research infrastruc-

ture and interdisciplinary researcher training,

better coordination of national EU

research policies,

favourable working conditions for technology
transfer and innovation: transfer of research

excellence in products and processes,

promotion of public acceptance for nano-
technology, and

inclusion of the environmental, health and

safety aspects in nanotechnology research.

Nanoresearch in Germany

The Federal Ministry of Education and Research
(BMBF) has been promoting nanotechnology since
the early 1990s in the framework of the “Material
Research” and “Physical Technologies” program-
mes and “Laser Research” and “Optoelectronics”. In
the last six years, the BMBF has promoted joint
nanotechnology projects with a total of 340 million
Euros. Thus the expenditure has continually increa-

sed.

At the initiative of the BMBF, eight nano compe-
tence centres have been established since 1998
with the aim of improving research networking and
promoting collaborations'®. The tasks of the com-
petence centres include public relations, educa-
tion and further training, the creation of an eco-
nomically attractive milieu and advising interested
parties, mainly from industry, on the respective
nanotechnology field. The BMBF favours an initial
coordination of R&D activities and projects,
together with advice for applicants on the centres.
Table 4 shows the thematic focus points and total
nanotechnology promotion funding by the BMBF
for the period 2002 to 2005 (Bachmann and Rieke
2004).

17 Statement at:
www.cordis.lu/nanotechnology/src/communication.htm

18 See at: www.kompetenznetze.de



Subject area: Nanomaterials

Focus points: Nanoanalytics, Nanobiotechnol-
ogy, Nanostructure materials, Nanochemistry,
CCN, Nano competition, Nanochance

Grant:

2002: 19.2 | 2003: 20.3 | 2004: 32.7 | 2005: 38.1

Subject area: Production technologies

Focus points: Ultra-thin layers,
ultra-precise surfaces

Grant:

2002: 0.2 | 2003: 0.8 | 2004: 2.2 | 2005: 2.2

Subject area: Optical technologies

Focus points: Nanooptics, Ultra-precision
machining, Microscopy, Photonic crystals,
Molecular electronics, Diode laser, OLED

Grant:

2002: 18.5 | 2003: 25.2 | 2004: 26.0 | 2005: 26.0

Subject area: Microsystem technology

Focus points: System integration, Nanosensors,
Nanoactors, Energy systems

Grant :

2002: 7.0 | 2003: 7.0 | 2004: 9.4 | 2005: 10.2

Subject area: Communication technologies

Focus points: Quantum structure systems,
Photonic crystals

Grant:

2002: 4.3 2003:4.0 | 2004: 3.6 | 2005: 3.4

Subject area: Nanoelectronics

Focus points: EUVL, Lithography, Mask technol-
ogy, eBiochips, Magnetoelectronics, SiGe-Bec-
tronics

Grant:

2002: 19.9 | 2003: 25.0 | 2004: 44.7 | 2005: 46.2

Subject area: Nanobiotechnology

Focus points: Manipulation techniques,
Functionalised nanoparticles, Biochips
Grant:

2002: 4.6 | 2003: 5.4 | 2004: 5.0 | 2005: 3.1

Subject area: Innovation and technology analysis

Focus points: ITA studies
Grant:
2002: 0.2 | 2003: 0.5 | 2004: 0.2 | 2005: —

Total for all subject areas (in millions of Euros)

2002: 73.9 | 2003: 88.2 | 2004: 123.8 | 2005: 129.2

Table 4: Thematic focus points and nano promotion grant from the BMBF from 2002 to 2005, in millions of Euros

(Bachmann und Rieke 2004)

Finally, mainstream innovations have been identi-
fied by the BMBF and a future research pro-
gramme with 250 million Euros has been put in
place for the reinforcement of nano competence
in Germany. The following focus points are pro-

moted:

NanoFab: ultra-precise high throughput

manufacture for nanoelectronics,

NanoLux: efficient radiation sources for

innovative light applications,

NanoMobil: nanomaterials and

nanotechnologies in the car, and

Nano for Life: nanomaterials and nanobio-

technology for life sciences and health.

NanoChem will be the focus point in the
framework programme “Material innovations
for industry and society - WING": Chemical
nanotechnologies are promoted for new

materials and products.

A search for research projects in Germany with
clear reference to nanotechnology and applica-
tions in environmental technology produced no
results. However, there are research projects, e. g.
verification methods or filter systems based on
nanotechnology which could also be used in envi-

ronmental technology.



Nanoresearch by industry

The industry research and development activities
concentrate mainly on base materials and chem-
istry - German companies have traditionally been
strongly represented in this area (Harper 2002).
This is confirmed by an assessment of patents
(see Reitberger in VentureCapital 2002, Hullmann
2001, own research): A large part of the business is
represented by large established concerns such as
BASF, Degussa, Henkel or Siemens which have
their own research departments and use spin-offs
to enter the market with new competences and
technologies. There are also spin-offs as start-ups
atthe universities and cooperations between large
enterprises and the universities with a view to ben-
efiting jointly from their from knowledge and infra-
structure (cf. die Degussa Projekthéuser79) On the
other hand, small and medium-sized enterprises
(SME) are still not a driving force in the research
and development of nanotechnology systems. The
reasons for this are the high investment costs for
personnel and infrastructure and insufficient coop-
eration among companies. However, due to the
which

places on interdisciplinarity, it will not be long

special requirements nanotechnology
before SMEs complete cooperation agreements

with divided competencies.

An important contribution is made in Germany by
numerous small and medium-sized nano enter-
prises which were founded as start-ups and focus
on specialised development. Their business areas
are more oriented to manufacturing, analysis and
equipment technologies while the large enter-
prises are more interested in system solutions with

large turnovers (Bachmann 2003/1).

Market

Information about estimating markets, market
sizes, the patent situation and time periods for
commercialisation is extremely limited. Applica-
tion and market perspectives of nanotechnology
for products and product groups have been
analysed and evaluated in a current study by the
VDI: “Future Technologies Consulting for the
BMBF". There was a particular focus on the market
potential in selected lead markets: chemicals,
automotive construction, optics, medicine / life sci-
ences, and electronics. Indicators of the market
potential have also been derived from patent data.
In addition, information on the implementation of
nanotechnology in German companies was
acquired and evaluated in a survey (VDI 2004/2).
This showed that the chemicals area, including
materials, clearly occupies the top position among
nanotechnology companies in Germany. The cen-
tral functional characteristics are definitely conven-
tional and application-specific, such as improved
material properties and surface functionalisation
(Werner 2004). According to a study by Business
Communications Company Inc. (BCC), a tenfold
increase compared with the present day is antici-
pated in the period 2005-2010 for the area of
nanofiltration and membranes (in Royal Society
2004). BCC gives a market volume of 70,000 mil-
lion US$ over the next 20 years for seawater desali-
nation using nanofiltration techniques (in TAB
2004).

However, it is anticipated that nanotechnology will
affect almost all sectors (Werner 2004). Among the
European states, Germany has certainly the best
qualifications for successful activity in the nano-
technology field in the medium and long term
(Werner 2004).

19 See: www.creavis.com/site_creavis/de/default.cfm?
content=projecthouses/mission



Technology impact assessment

The technology impacts which can be associated
with nanotechnology have been, and are continu-
ing to be, analysed and evaluated. In addition to
the companies which carry out testing of any of
their products which contain nanotechnology, the
BMBF has commissioned a study of “"Nanotechnol-
ogy and sustainability” (BMBF 2002, Steinfeldt
2003, Steinfeldt et al. 2004) and of “Nanotechnol-
ogy for health - opportunities and risks” as an
escorting measure for the promotion of nano-
technology. The latter publication analyses medical
applications and health effects of nanotechnolo-
gies in diagnosis, therapy and prevention, taking
account of possible side effects (Farkas et al. 2004).
The American EPA has initiated a four million US$
programme to examine the environmental effects
of nanotechnology. However, this contrasts with
approx. 849 million US$ made available for nano-
technology research and development in 2004
(Feder 2003). As shown in Table 4 (page 46), an
average of just under 0.3 per cent of the nanotech-
nology project promotion budget was spent on
technology analysis in Germany in the 2002-2005
grant period.

The office for evaluating technology impact in the
German Bundestag (lower house of the German
Parliament) reveals in its final report, “Nanotech-
nology status and perspectives”, that the state of
research for potential environmental and health
effects during the manufacture and application of
nanotechnology processes and products is still
unsatisfactory. Insufficient knowledge could serve
to hinder the introduction of nanotechnology on
the market, because society could take this “insuf-
ficient knowledge” as a reason for general non-

acceptance of nanotechnology (TAB 2004).

Attention is currently being focused on the effects
of nanoparticles on human health. Investigations
are being carried out into their dispersion and
their effects on human organs, e.g., for example
overcoming the blood-brain barrier or possible
effects on cell functions. At the moment it cannot
be stated generally whether nanoparticles are
either dangerous or harmless (Colvin 2003). No
analyses of possible impacts arising out of the use
and disposal of nanotechnology products have
been made, and no account has been taken of
integrated product policy (IPP) aspects. The USA
Environmental Protection is known to have con-
ducted a research project on the application of life
cycle analyses in nanotechnology (Royal Society
2004). There is also to some extent a lack of infor-
mation on positive and negative long-term effects
and product behaviour in connection with a num-
ber of potential applications of nanotechnology.
The absence of standards also makes an evalua-
tion difficult.

A differential consideration of the various applica-
tion fields is necessary for the further development
and consideration of possible opportunities and
risks. Generalised assessments can hardly be made
in view of the diversity of nanotechnology; instead,
potential opportunities and risks should be evalu-
ated in individual tests early and objectively against
the concrete application background. For example
the DECHEMA /VCI working group, “Responsible

Production and Use of Nanomaterials”2°

, sets out
to identify opportunities and possible risks of
chemical nanotechnology and to advance success-
ful economic and technical implementation by ini-
tiating appropriate actions with reference to ethi-

cal, ecological, social and economic aspects.

20 See: www.dechema.de/NANOSAFETY.html



Information & Addresses

Contact persons for nanotechnology and/or environmental technology advice in Hessen

Action line hessen-umwelttech TechnologieTransferNetzwerk TTN-Hessen

Competence presentation nationally and internationally
Information dissemination for reinforcement of
competences

Networking technologies

Technology marketing

Grant and location advice and project consultancy

Contact:
www.hessen-umwelttech.de

HA Hessen Agentur GmbH

Alfred Stein

Project manager hessen-umwelttech
Abraham-Lincoln-StraBe 38-42
D-65189 Wiesbaden

Telephone +49 (0) 611/774-8648
Fax +49(0) 611/774-8620
alfred.stein@hessen-agentur.de

Hessisches Ministerium fiir Wirtschaft,
Verkehr und Landesentwicklung
Maria Rieping

Kaiser-Friedrich-Ring 75

D-65185 Wiesbaden

Telephone +49(0) 611/815-2472
Fax +49(0) 611/815-2228
maria.rieping@hmwvl.hessen.de

Action line hessen-nanotech

Competence presentation nationally and internationally
Information dissemination

Project and business development

Technology and location marketing

Grant and location advice

Contact:
www.hessen-nanotech.de

HA Hessen Agentur GmbH
Alexander Bracht

Project manager hessen-nanotech
Abraham-Lincoln-StraBe 38-42
D-65189 Wiesbaden

Telephone +49(0) 611/774-8614
Fax +49 (0) 611/774-8620
alexander.bracht@hessen-agentur.de

Hessisches Ministerium fir Wirtschaft,
Verkehr und Landesentwicklung

Dr. Rainer Waldschmidt
Kaiser-Friedrich-Ring 75

D-65185 Wiesbaden

Telephone +49 (0) 611/815-2471
Fax +49(0) 611/815-2228
rainer.waldschmidt@hmwvl.hessen.de

Transparency in technology available in Hessen
Networking transfer institutions, matching the
requirements of the enterprises

Supporting enterprises in optimisation of the innovation
process

Dialogue between scientists and enterprises
Presentation of the technology know-how of the
university and research experts in a virtual technology
and competence market

Contact:
www.ttn-hessen.de

HA Hessen Agentur GmbH

Dr. Gerrit Stratmann

Project coordination
Abraham-Lincoln-StraBe 38-42
D-65189 Wiesbaden

Telephone +49 (0) 611/774-8691
Fax +49 (0) 611/774-8620
gerrit.stratmann@hessen-agentur.de

NanoNetzwerkHessen - NNH10°

Coordination of the university activities in

research and instruction

Sharing of equipment and infrastructure

Usage of the synergy potential for joint research
applications

Build-up of a powerful Nano Science-Commerce
Forum and initiation of co-operative transfer objects
Common public appearance

Contact:
www.nanonetzwerkhessen.de

Dr. Beatrix Kohnke

Project coordination
MénchebergstraBe 19

D-34109 Kassel

Telephone +49 (0) 561/804-2219
Fax +49 (0) 561/804-2226



Nanotechnology competence networks in Hessen

NanoNetzwerkHessen

Coordination of research through networking of the
Hessen universities and technical colleges

www.nanonetzwerkhessen.de
CINSaT - Center for interdiscilinary
Nanostructure Science and Technology

Cooperation of scientists in physics, chemistry,
biology and electrical engineering at Universitat Kassel

www.cinsat.uni-kassel.de

Universities and technical colleges:

WZMW - Wissenschaftliches Zentrum fiir Material-
wissenschaften der Philipps-Universitat Marburg
(Scientific Centre for Material Science)

Research focus: Material sciences with specialisation in
chemistry, geosciences and physics at the University in
Marburg

www.uni-marburg.de/wzmw/

science coordinators for NanoNetzwerkHessen

Coordination

Dr. Beatrix Kohnke

Entwicklungsplanung, E2

MonchebergstraBe 19, 34125 Kassel

Telephone +49 (0) 561/804-2219, Fax +49 (0) 561/804-2226
beatrix.kohnke@uni-kassel.de

Technische Universitat Darmstadt

Prof. Dr. Matthias Rehahn

Fachgebiet Makromolekulare Chemie

Fachbereich 07

PetersenstraBBe 22, 64287 Darmstadt

Telephone +49 (0) 6151/16-5278, Fax +49 (0) 6151/16-4670
mrehahn@dki.tu-darmstadt.de

Johann Wolfgang Goethe-Universitit Frankfurt am Main

Prof. Dr. Robert Tampé

Fachgebiet Chemie / Biologie

Institut flir Biochemie

Marie-Curie-StraBe 9, 60439 Frankfurt am Main
Telephone +49 (0) 69/798-29475 /-29476,

Fax +49 (0) 69/7 98-29495
tampe@em.uni-frankfurt.de

Justus-Liebig-Universitat GieBen

Prof. Dr. Bruno K. Meyer

Fachgebiet Experimentalphysik 1

I. Physikalisches Institut der Universitat GieBen
Heinrich-Buff-Ring 16, 35392 GieBen

Telephone +49 (0) 641/99-33100, Fax +49 (0) 641/99-33109
Bruno.K.Meyer@exp1.physik.uni-giessen.de

Universitat Kassel

Prof. Dr. Hartmut Hillmer

Fachgebiet Technische Elektronik

Institut fiir Mikrostrukturtechnologie und Analytik
Heinrich-Plett-StraBBe 40, 34132 Kassel

Telephone +49 (0) 561/804-4885, Fax +49 (0) 561/804-4488
hillmer@uni-kassel.de

Philipps-Universitat Marburg

Prof. Dr. Andreas Greiner

Fachgebiet Makromolekulare Chemie, Fachbereich Chemie
Hans-Meerwein-StraBe, Gebdude H, 35032 Marburg
Telephone +49 (0) 6421/28-25573, -25777,

Fax +49 (0) 64 21/28-25785

greiner@staff.uni-marburg.de

Hochschule Darmstadt

Prof. Dr. Ralph Stengler

Fachgebiet Automatisierungstechnik, Messtechnik,
Werkstoffkunde im Fachbereich Kunststofftechnik
Berliner Allee 61, 64295 Darmstadt

Telephone +49 (0) 6151/168562, Fax +49 (0) 661/16 8977
stengler@fh-darmstadt.de

Fachhochschule Frankfurt am Main

Prof. Dr. Werner Liedy (Ansprechpartner)

Fachbereich 2

Nibelungenplatz 1, 60318 Frankfurt am Main

Telephone +49 (0) 69/1533-2289, Fax +49 (0) 69/1533-2387
liedy@fb2.fh-frankfurt.de

Fachhochschule GieBen-Friedberg

Prof. Dr. Ubbo Ricklefs

Fachgebiet Technische Mechanik, Photonik, Bildverarbeitung
Fachbereich Elektrotechnik |

WiesenstraBBe 14, 35390 GieBen

Telephone +49 (0) 641/3091914
ubbo.ricklefs@ei.fh-giessen.de

Hochschule Fulda

Prof. Dr. Alexander Osipowicz

Fachgebiet Physik

Fachbereich Elektrotechnik und Informationstechnik
MarquardstraBe 35, 36039 Fulda

Telephone +49 (0) 661/9640-556, Fax +49 (0) 661/9640-559
alexander.osipowicz@et.th-fulda.de

Fachhochschule Wiesbaden

Prof. Dr. Hans-Dieter Bauer

Fachbereich 10 - Physikalische Technik

Am Briickweg 26, 65428 Riisselsheim

Telephone +49 (0) 6142/898-512, Fax +49 (0) 6142 /898-528
bauer@physik.fh-wiesbaden.de



Selection of university research in Hessen in the nanotechnology field

Nanosystem technology

Technische Universitat Darmstadt

Fachhochschule Wiesbaden

Nanofunction materials

Technische Universitat Darmstadt

Johann Wolfgang Goethe-Universitat Frankfurt am Main
Universitat Kassel

Nanostructured materials

Technische Universitat Darmstadt

Material development

Johann Wolfgang Goethe-Universitat Frankfurt am Main

Nanomaterials
Justus-Liebig-Universitat GieBen
Universitat Kassel

Molecular materials

Universitat Kassel

Lateral nanostructures

Universitat Kassel

Nanostructuring

Johann Wolfgang Goethe-Universitat Frankfurt am Main
Universitat Kassel

Ultra-thin functional layers

Fachhochschule Wiesbaden

Molecular architectures

Universitat Kassel

Nanomaterial chemistry

Philipps-Universitat Marburg

Semiconductor structures

Philipps-Universitat Marburg

Theoretical physics

Universitat Kassel

Nanoelectronics

Technische Universitat Darmstadt

Nanomagnetics

Johann Wolfgang Goethe-Universitat Frankfurt am Main

Magnetic nanosystems

Universitat Kassel

Optoelektronics

Philipps-Universitat Marburg
Universitat Kassel

Nanooptics

Technische Universitat Darmstadt

Johann Wolfgang Goethe-Universitat Frankfurt am Main
Justus-Liebig-Universitat GieBen

Fachhochschule GieBen-Friedberg

Nanosensors

Technische Universitat Darmstadt
Justus-Liebig-Universitat GieBen
Universitat Kassel
Philipps-Universitat Marburg
Fachhochschule GieBen-Friedberg
Fachhochschule Wiesbaden

Nanostructure analysis

Technische Universitat Darmstadt

Measurement and analysis of nanostructures

Universitat Kassel

Nanochemistry

Justus-Liebig-Universitét GieBen

Formulation of photocatalysts
Fachhochschule Frankfurt

Chemistry of mesoscopic systems

Universitat Kassel

Process development and analytics

Johann Wolfgang Goethe-Universitat Frankfurt am Main

Nanoanalytics

Justus-Liebig-Universitét GieBen
Fachhochschule Wiesbaden

Nanobiotechnology

Justus-Liebig-Universitat GieBen
Philipps-Universitat Marburg

Nanomolecular medicine

Justus-Liebig-Universitat GieBen

Nanomedicine
Justus-Liebig-Universitat GieBen
Philipps-Universitat Marburg
Microchips in diagnostics

Philipps-Universitat Marburg

Nanopharmacology

Justus-Liebig-Universitat GieBen
Philipps-Universitat Marburg

VUV-Spectroscopy
Justus-Liebig-Universitat GieBen

Nanophonetics

Universitat Kassel

Measurement of vibrating nanosurfaces
Fachhochschule GieBen-Friedberg



Participants from Hessen in the BMBF nano competence centres

CC-NanoBioTech
Nanobiotechnology competence centre

Industrial Stakeholders / SME: None

Contact:
www.cc-nanobiotech.de
CC-NanoBioTech

Universitat Kaiserslautern
Fachbereich Physik

Prof. Dr. Christiane Ziegler
Erwin-Schrédinger-Strae 56
D-67663 Kaiserslautern

CC-NanoChem Nanochemistry competence centre

Industrial Stakeholders / SME:
Adam Opel AG, Risselsheim
Degussa AG, Hanau
Lurgi AG, Frankfurt am Main
Merck KGaA, Darmstadt

Siemens AG, Frankfurt am Main (formerly Siemens Axiva)

W.C. Heraeus GmbH, Hanau
DECHEMA e.V., Frankfurt am Main
Technische Universitat Darmstadt

Contact:

www.cc-nanochem.de

CC-NanoChem

c/o Leibniz-Institut fiir Neue Materialien
Prof. H. Schmidt

Im Stadtwald - Geb. 43

D-66123 Saarbricken

Nanoanalytics competence centre

Industrial Stakeholders / SME:
Nanosensors, Wetzlar

Omicron NanoTechnology GmbH, Taunusstein-Neuhof

Oxford Instruments GmbH, Wiesbaden
Telekom Technologiezentrum, Darmstadt
Focus GmbH, Hinstetten

Universitat Kassel

Contact:

www.centech.de

CeNTech GmbH - Minster

Dr. Frank Schréder-Oeynhausen
Gievenbecker Weg 11

D-48149 Minster

Ultra-precise surface machining competence centre
Industrial Stakeholders / SME:

NTG Neue Technologien GmbH & Co. KG, Gelnhausen

Contact:

www.upob.de

CCN Ultraprazise Oberflachenbearbeitung e.V.
- Braunschweig

Dr. Uwe Brand

Bundesallee 100

D-38116 Braunschweig

NanoMat

Industrial Stakeholders / SME:
Degussa AG, Hanau
DECHEMA e.V., Frankfurt am Main
Merck KGaA, Darmstadt
SusTech, Darmstadt
Technische Universitat Darmstadt

Contact:

www.nanomat.de

Nanomat - Forschungszentrum Karlsruhe GmbH
Dr. Regine Hedderich

Postfach 3640

D-76021 Karlsruhe

NanOp - Nanotechnology for optoelectronics

Industrial Stakeholders / SME:
Akzo Nobel HPMO, Marburg

Contact:

www.nanop.de

Institut fr Festkorperphysik
Technische Universitat Berlin
Sekr. PN 5-6

Matthias Kuntz
HardenbergstraBe 36
D-10623 Berlin (Germany)

Ultradiinne funktionale Schichten Sachsen
(Ultra-thin functional layers)

Industrial Stakeholders / SME:
Merck KGaA, Darmstadt
Leica Microsystems GmbH, Wetzlar
Leybold Systems GmbH, Hanau
Verband Deutscher Maschinen- und
Anlagenbau e.V., Frankfurt am Main

Contact:

www.nanotechnology.de

Geschaftsstelle des Nano-CC-UFS im Fraunhofer IWS
Dresden

Dr. Ralf Jackel

c/o Fraunhofer IWS Dresden

Winterbergstrale 28

D-01277 Dresden

(As of 2004, partially updated)



World Wide Web links to nanotechnology

Action line "hessen-nanotech” Nanotechnology competence networks in Germany

www.hessen-nanotech.de www.kompetenznetze.de/navi/de/Innovationsfelder/

nanotechnologie.html
Platform for nanotechnology in Hessen

Information server (Cordis) of the EU for

www.nanotech-hessen.de nanotechnology in the 6" framework programme

HA Hessen Agentur GmbH www.cordis.lu/nanotechnology/

www.hessen-agentur.de e

nanotechnology activities in the EU
NanoNetzwerkHessen

www.nanoforum.de
www.nanonetzwerkhessen.de

Web portal of the nanotechnology community
TTN-Hessen - TechnologieTransferNetzwerk-Hessen

www.nanoscout.de
www.ttn-hessen.de

National Nanotechnology Initiative (NNI) in the USA
Portal of the BMBF and VDI for nanotechnology

www.techportal.de/de/b/2/start,public,start/ WWW-nano.gov

Center for Biological and Environmental

Publications site of the BMBF Nanotechnology (CBEN) in den USA
amongst others studies on nanotechnology

www.bmbf.de/publikationen/index.php wwwrufsrice.edu/~chen/

News portal for nanotechnology
BMBF competence centre

“Application of nanostructures in optoelectronics” U OO

www.nanop.de Homepage of the National Center For Environmental

“Ultra-thin functional layers” Research of the U.S. Environmental Protection Agency (EPA)

LA 10 http://es.epa.gov/ncer/

“Nanotechnology: Functionality using chemistry”
www.cc-nanochem.de

“Ultra-precise surface machining”
www.upob.de

“Nanoanalytics”
www.nanoscience.de

“Nanomaterials”
www.nanomat.de



Occasional Paper Series

of the Aktionslinie hessen-umwelttech of the
Ministry of Economy, Transport, Urban and

Regional Development in Hessen

Information / download / orders:

www.hessen-umwelttech.de

Occasional Paper Series

of the Aktionslinie hessen-nanotech of the
Ministry of Economy, Transport, Urban and
Regional Development in Hessen

Volume 1 Uses of Nanotechnology in
Environmental Technology in
Hessen
Innovation potentials for companies
(jointly with the Aktionslinie hessen-

umwelttech)

Volume 2 Nanomedicine
Innovation potentials in Hessen
for medical technology and the
pharmaceutical industry
(jointly with the Aktionslinie hessen-

biotech, only in German language)

Volume 3 NanoAutomotive
Innovation potentials in Hessen for the
automotive industry and its subcon-

tractors (only in German language)

Volume 4 NanoCommunication
Guide to communication of chances
and risks for small and medium-sized
nanotech companies in Hessen

(only in German language)

Volume 5 NanoOptics
Nanotechnologies for the optical
industry. A basis for future innovations

in Hessen (only in German language)

Volume 6 NanoProduction
Nanotechnology in the production
process as a potential innovation
source for companies in Hessen

(only in German language)

Informationen / download / orders:

www.hessen-nanotech.de
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