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Commodity prices have gone up significant and will continue to rise. The climate is changing. The
environmental pollution and environmental degradation has reached a disastrous dimension in many
countries, particularly in the developing countries.

Hence a gigantic boom for environmental technologies is expected. The worldwide leading German
environmental industry but also the environmental industry of the highly industrialised European

countries has very large export chances and the potential to be a job engine.*

! Compare Seiwert, M. et al.: HeiRe Technik, in: WIRTSCHAFTSWOCHE, Nr. 4, 22.01.2007, p. 48 -
56.
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1 Size and importance of the environmental sector
1.1 Development of sales in the environmental sector

The size of all sectors (industries, technology fields, industries) of a national economy and the
appropriate markets can be expressed in absolute numbers (e.g. conversion of the sector per annum)
or however still better in a relative number as the portion of the gross domestic product (GDPR) of a
national economy. This permits a faster estimate of the meaning of a sector within a national economy

or a larger marketing area (e.g. European Union, foreign trade zones, continents etc.).

Thus the following illustration shows on the one hand that the environmental sectors of some member
states developed within these national economies very strongly. On the other hand the figure shows
also that e.g. the relatively small national economies of Denmark and Austria have acquired a

prominent role on the global environmental technology market. 2

2 Compare 0.V.: Osterreichs Unternehmen setzen auf Okologie — Umwelttechnik ,made in Austria“
kommt international gut an, in: Frankfurter Allgemeine Zeitung, FAZ, Nr. 199, 28.08.2006, p. 15.

.BYy early specialization Austria achieved a good position in the international competition. With a
proceeds of the strong-growing environmental technology industry of approximately 4 percent of the
gross domestic product the small national economy is within the European Union on rank two behind
Denmark. At least a tenth of the 330 Austrian enterprises, which are active on this field, have a
dominating market position according to an investigation of the Austrian institute for economic
research (Wifo). The number of persons employed in this branch of industry increased according to
the study from 1993 to 2003 by 56 per cent to 17200 employers. The turnover doubled at the same
time to 3.78 billion euro. Two thirds of it are gained abroad. ...

Environmental technologies are so well established in Austria also due to of the high value of an intact
nature within the population. The mountains, lakes and forests of the country are nevertheless an
important marketing factor in the important tourism industry of the small national economy of Austria.
In order to strengthen the role of the Austrians as a pioneer in the environmental technology, the
christian-democratic environmental minister Josef Proll and the down-austrian environmental national
advice Josef Plan announced a stronger cross-linking of environmental technology companies with
policy and science now.”
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Sales of the environmental industry in 2004 {as percentage of the GDP)
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Figure 1: Sales of the European environmental industry in the proportion to the GDP®

® 0.V.: Osterreichs Unternehmen setzen auf Okologie — Umwelttechnik ,made in Austria“ kommt
international gut an, in: Frankfurter Allgemeine Zeitung, FAZ, Nr. 199, 28.08.2006, p. 15.
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The gross domestic product (GDP) of most member states of the European union as in each case
industrial developed countries will grow further in the coming years. Even if the share of developing
countries of the world economy will clearly increase until 2030, the national economies of the
developed industrial nations will grow as well.

Despite the increasing importance of the developing countries the share of the industrial nations of the
worldwide exports will expand. So especially because of the global problems climate change and
energy shortage the turnover of the European states from environmental technique and environmental
technology will expand.

Figure 3 Developing-country share of the Figure 5 Glohalization will intensify in
globat economy will rise in coming years coming years
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Figure 2: Development of the GDP and shares of the worldwide exports”

* The International Bank for Reconstruction and Development / The World Bank: Global Economic
Prospects: Managing the Next Wave of Globalization, 2007, Overview, p. Xl — XIV.
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1.2 Employment trend in the environmental sector

Among the sales obtained in a sector the number of the persons employed in it permits a statement
about the meaning of a sector for an economic area. According to capital market experts a very large
increase in employment is expected for the sector, which is grown clearly in Europe in the last
decades. So a rapidly increased meaning of the environmental sector can be concluded.

»The climate protection will create hundreds of thousands of new jobs in the environmental technology
in the coming decades. According to an estimation of the financial company Allianz, to whom the
Dresdner Bank belongs as well, alone in Germany about 700000 new jobs might be created up to the
year 2030.”°

From the above mentioned shares of sales of the national environmental sectors of the European
Union member states as percentage of the particular gross domestic products and the fact that the
individual states deviate not far from the average value, the potentials of employment that lie in the
environmental sector European-wide can be estimated. Alone in Austria the number of the persons
employed in this industry from 1993 to 2003 increased by 56 percent to 17200 employers. Such a
duplication of the employment figure in the environmental sector in only 10 years can surely not to be
forecasted reliably for all national economies of the European Union. But this number shows clearly
the possible potential.

This is particularly remarkable regarding the multiplicity of highly-qualified jobs, which can be created
when exhausting this potential as the environmental sector is to be assigned doubtlessly to the high
technology range. The arrangement of the European Union research outline plan proves that and in

addition, national strategies such as the High-Tech-strategy in Germany.

However the competition for the promised market increases for the environmental sector is carried out
not only by the classical competition instrument price-leadership but also particularly by the
competition instrument technology-leadership. This, since in view of the real problems climate change
and energy shortage as well as shortage of resources not the satisfaction of individual needs decide

on the long-term market success, but the satisfaction of the necessities of the society is decisive.

®0.V.: Umwelttechnik wird Job-Motor, in: Frankfurter Allgemeine Zeitung, FAZ, Nr. 123, 30.05.2007, p.
15.

LAlone in the field of the renewable energies the number of the employees will double to 330000. ‘In
the second half of the 20th century the automotive industry was the most important job engine in
Germany. In the coming decades the environmental technology will become that’, said Allianz
executive committee member Joachim Faber on Tuesday in Berlin. In its opinion active climate policy
offer large economic chances especially to Germany, as it controls already 9 percent of the world
trade with environmental technology. The Allianz manager estimates, that Germany will be able to
increase its market volume from now 60 to 400 billion euro in the year 2030.”

The same as in this case the report will later often relate to the example of Germany, since Germany
takes a top position in the environmental sector because of its world-wide market share of nearly 10
percent. Hence by this example the economic chances and the necessities for the preservation of
such a position can simply be made clear.
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Thus techniques and technologies must be able to carry out significant efficiency improvements or
significant contributions to avoid environmental impacts. The suppliers of environmental techniques or
environmental technology have to examine and prove already in early phases of the development of
products or services that these contributions can be actually carried out. The earlier and the more
intensively the suitability of products and technologies is proven (if necessary by means of

standardised methods and tools), the higher is the chance for a success in the market.

1.3 Promotion of the environmental sector

Among the relative or absolute market size the meaning of a market (technology field, sector, industry)
in an international comparison is often derived from the height of the funds, which a national economy
spends on these.

By the example of Germany it is to be noted that the environmental sector is in the middle field in

relation to all promoted high technology ranges.
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Funds of the German government for the high-tech-strategy until 2008 {in millions euro)
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Figure 3: Funds of the German government for the high-tech-strategy until 2009

(According to the Ministry of Education and Research)®

If one refrains from the sectors astronautics as well as energy that are dominant according to the

funding, then it is recognizable that the promotion of the environmental sectors will also be highly

important in the next years. Perhaps contributions from the field of biotechnology are to be added to

the number of contributions from the sector environment, since there is a certain overlap because of

the environmental biotechnology (see in addition 2.1.1, S. 12)

In Germany 2.5 percent of the gross domestic product (GDP) are spent on research and development

at present. This corresponds to a sum of 54.9 billion euro. The following figure shows the distribution

of the origin of these expenditures.

6

Compare Kamp, M.: Technik + Wissen

WIRTSCHAFTSWOCHE, Nr. 42, 16.10.2006, p. 90.

High-Tech-Strategie, Geballte Offensive,

in:
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Noch fithren die Deutschen

Ausgaben fur Forschung und Entwickiung (Fug)
in Deutschland und China
{in Milliarden Eura)
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Figure 4: Expenses for research and development in Germany and China
(in billions euro; shares: industry, state, others; as percentage of the GDP: 2.5 percent in Germany,
1.3 percent in China)’

If the ratio between national and industrial promotion of research and development is transfered to the
sum of more than 400 million euro (environment), shown in figure 3, then expenditures for research
and development of the environmental of clearly more than a billion euro until 2009 can be expected
alone in Germany.

Altogether in Europe approximately a quarter of all world-wide expenditures for research and

development are applied (23.2 percent, see also figure 6).

Within the European Union 15 Germany with this share of the GDP for research and development a
little bit above the average of approximately 2 percent.
Sweden with about 4 percent takes a top position regarding the expenditures spent for research and

development within the European Union 15 (see figure 5).

" Compare Kamp, M.: in the place cited, p. 90.
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Ausgaben fir Forschung und Entwicklung (n Prozent des Bruloinlandsprodukts) -

Figure 5: Expenses for research and development in an European comparison

(as percentage of the GDP)®

In view of the past success of European states with the global marketing of environmental techniques
and environmental technology it can be concluded that the expenditures of the States of Europe are
sufficient to secure or increase the competitive ability in high technology fields on the world markets by
using the so-called High-Tech-Strategies. In particular if as in Germany the target is to raise the

expenditures for research and development to up to 3 percent of the GDP.

However not only the absolute size of these expenditures should be seen, but especially the dynamics
of their growth give a clear hint to future developments. Here the established industrial nations - also
the states of the European Union - have to match with fast growing competitors such as for example
China and India. Figure 5 still showed a lead e.g. of Germany before China regarding the expenditures

for research and development, but the following figure shows that this lead decreases.’

8 0.V.: Zwischen Fortschritt und Stillstand, in Frankfurter Allgemeine Zeitung, FAZ, Nr. 49, 27.02.2007,
7.
E,,Indeed experts like the president of the Fraunhofer Society, Hans Jorg Bullinger, praise that the
Federal Government developed a department-spreading initiative for the first time. ‘The counter and
disorder of the individual Ministries in the technological policy has an end finally’, is pleased also the
president of the Founder Federation for the German Science, Arend Oetker. But it remains
questionable whether the measures are sufficient, in order to maintain the position in relation to the
rapidly growing competition from the Far East.
Not only the research-political spokeswoman of the FDP Bundestag-faction Cornelia Pieper has
doubts. She demands ‘lead-visions, which orient themselves no longer only at the competitors from
Europe, but at those from China and India’. In order to award companies for developing activities,
Pieper suggests to improve the fiscal depreciation possibilities of research expenditure after the
Chinese model. The pressure for acting will all the more rise, per rapid China catches up its arrear.”
Kamp, M.: in the place cited, S. 90.
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Shares of the worldwide expenses for research and development

2007 * Change to 2005
(in percent) (in percentage points)
. & . &
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*Estimation
Source: R&D Magazine, Battelle, OECD, World Bank

Figure 6: Shares of the worldwide expenses for research and development *°

%vgl. Kamp, M.: in the place cited, p. 90.
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2 Identified trends for the environmental sector
2.1 Technical/technological trends

Beside a number of trends, which are summarized here under ‘form of organization, cooperation,
information und data’, a number of technical trends for the here regarded fields of the environmental

techniques and environmental technology can be observed and considered.

2.1.1 Environmental biotechnology

In the following substantial identified trends from the field of environmental biotechnology are
specified.

Generally environmental-biotechnological procedures are widely applied for the cleaning of waste
water and for the removal of harmful substances in soils, sediments as well as in ground waters and
surface waters.

The biological procedures of the organic removal of harmful substances are predominantly based on
biological oxidation. These biological procedures run usually more slowly than physical or chemical
reactions, but they are more economical. That is also a reason why biotechnological procedures are
often used for the above-mentioned purposes. However they are not universally applicable as for a

number of harmful substances the application of biological principles is not suitable, e.g. for:

e Metals
e Complex, high-molecular polycyclic hydrocarbons

e Chlorinated hydrocarbons in higher concentrations. M

In the place cited there is also a representation of possible sources for a number of harmful
substances, which are in soils, ground waters and surface waters. Beside hydrocarbons also
hormones, steroids and phytooestrogens represent hormonal effective compounds which can have
physiological effects on organisms already in smallest concentration (see in addition figure 7). 12
According to Stottmeister the most substantial areas of application of environmental biotechnological
procedures are the cleaning of soils, groundwater, sea water as well as the aeration of standing water
bodies.

M Compare Stottmeister, U.: Umweltbiotechnologie, in: Bullinger, H.-J. (Hrsg.): Technologiefiihrer:
Grundlagen — Anwendungen — Trends, Springer, 2007, p. 506.
'2 Compare Stottmeister, U.: in the place cited, p. 506.
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petrol stations, tank farms fuels petroleum-derived hydrocarbons
chemical industry colours, polymers, explosives, aromatic hydrocarbons

chemical basic materials

basic materials for pesticides, colours, chlorinated hydrocarbons
insecticedes
waste water from households pharmaceuticals for stock-breeding, natural hormones,
and agricultur contraceptives, pharmaceuticals synthetical steroids
treatment of plants and fruits solved waste materials in waste water, phytooestrogens
paper industry additives

Figure 7: Sources of harmful substances in grounds, ground waters and surface waters

In connection with the technologies regarded here it is interesting to state that the identified (technical)

trends in the portfolio of the environmental biotechnologies serve exactly these technologies:

e Chemical decomposition of harmful substances

Biological conversions are time-reactions whose process depends considerably on the
availability of the reaction partners. At all aerobes processes the conversion depends on the
availability on oxygen. In order to secure the supply of oxygen during a long period special
oxygen delivering substances were developed (ORC = oxygen releasing compounds, as for
example magnesium hydro peroxide). These substances can be dumped into a contaminated
soil. In this kind of soil they are slowly decomposed by the soil humidity under oxygen delivery.
This oxygen is available for micro organisms for breathing processes in a dosed way and over
a longer period of time. Such a method can also be applied for ground water cleaning.

Similar to this hydrogen delivering substances were developed (HRC = hydrogen releasing
compounds). They are applied if oxygen-free conditions are necessary, for example in the
case of the separation of chlorine from chlorinated hydrocarbons. The lactic acid polymer that
is available in pasty form will then be split slowly by microorganisms in the soil. The result of
this conversion is a lactic acid that is the basis for a production of hydrogen that is carried out

by other bacteria species. This hydrogen is needed for the chlorine separation. 3

'* Compare Stottmeister, U.: in the place cited, p. 510.
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Reactive Wall

Pumping of groundwaters to the surface for cleaning is very cost-intensive. Therefore
technical solutions were developed. Here the groundwater has to pass through a narrow
channel which is dug crosswise into the aquifer. Afterwards this channel is filled with a carrier
material which exhibits a small flow resistance (for example gravel). In the course of time a
natural bio film is formed in which the harmful substances are removed. Such a reactive wall is
suitable for the removal of solved organic harmful substances in a small concentrations.

An impermeable wall is something different. It is structurally more complicated to be realized.
This wall is likewise established crosswise to the aquifer in form of a funnel. Then a gate for
trough-flowing ground water remains open (funnel and gate). With application of this
technology a bio filter is likewise brought into the gate. Beyond that oxygen-delivering and

hydrogen-delivering compounds in the reactive wall have shown good results.

Soil heating treatment

The efficiency of biotechnological procedures can be increased by the combination with
chemical or physical procedures. The application of the radio frequency soil heating treatment
is an example for that. This technology uses the well-known principle of the microwave. For an
application of high temperatures for example metallic pipes are brought into a desired depth
into the soil. These pipes serve as antennas on which a radio frequency is impressed. In that
way the soil is warmed up to 300°C. In consequence to the heating up the harmful substances
evaporate. They are sucked off and destroyed. The technology is recommended particularly
for the decontamination of sources which cover a volume of up to 20 m3. Depending of the
kind of the harmful substance it is also possible that the immobilization takes place directly in
the soil at these high temperatures and with this a harmful impact is excluded.

For an application of low temperatures the soil is only heated up to 25 -35°C and if necessary
additionally a nutrient solution is brought into the soil. At their optimal activity temperature the
existing microorganisms are activated to the removal of the harmful substances. This

technology is particularly suitable in cold climate zones or in cold seasons.'®

' Compare Stottmeister, U.: in the place cited, p. 511.
'® Compare Stottmeister, U.: in the place cited, p. 510 — 511.
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Deacidification of surface water

Without purposeful decontamination surface waters, which came into being in flooded open
pits from open-cast mining, will remain life hostile during long periods. The reason for this are
local geological characteristics. Due to a high content of pyrite sulphuric acid is formed by air
oxidation and microbial sulphide oxidation which makes the water significantly acidic. One can
work against this acidification by means of the purposeful structure of an oxygen-rich layer at
the ground. ,By also in the acid water always present micro organisms it comes to the reversal
of the chemical reaction, which led to the synthesis of the acid. Under oxygen-free conditions
specific micro organisms use the sulphate ion of the sulphuric acid as partners in a reaction.
As input carbon is needed which originates from organic compounds however in ,the dead'
acid water is missing. Will now organic wastes, for example straw or leavings from the
agriculture, placed into this acid waters exactly calculated on the ground are there the
processes of the use of oxygen beginning. In the zone at the ground of the ,dead' acid waters
the sulphate reducing micro organisms becomes active. The sulphuric acid becomes to
sulphide. This will bounded to the still existing iron which deposit itself insolubly - the reaction
to the synthesis of sulphuric acid was turned around. Introduced by such a technical measure

the pH-value of the water rises into the neutral range in the process of some years.*'®

The importance of all mentioned trends is high at least as long as there are still contaminated sites, as

long as pollution results from economic acting, respectively as long as there are significant waste

water streams and waste streams resulting from the industrial production."’

Stottmeister marks however correctly that the main objective of all further development of these

technologies it must be of the organisation of the future production to use prevention and avoidance

strategies against possible environmental impacts. ,Biotechnological procedures generally offer for it

an abundance of possibilities so that in the future environmental aspects are included into the large

area of the industrial (white) biotechnology in the sense of a ,biotechnology for industrial applications

and for the release of the environment'.“ '@

'® Stottmeister, U.: in the plac cited, p. 511.

7 Advanced information to the here pointed out technical trends are to look up into the sources
specified below: Forstner, U.: Umweltschutztechnik — eine Einflhrung, Springer, 2004; Stottmeister,
U.: Biotechnologie zur Umweltentlastung, B. G. Teubner, 2003; Alloway, B. J. (Hrsg.): Schwermetalle
in Boden, Springer, 1999.

Im Internet:

www.arguk.de/glossar.htm

www.bundesamt.de/uba-info/leitlinien.htm

www.ec.gc.ca
www.epa.gov/oilspill/oilsites.htm

'® Stottmeister, U.: in the place cited, p. 511.
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The here as promising identified technological trends from the rank of environmental biotechnological
technologies represent a suitable platform for the application of already existing ETV systems or ETV
systems developing in the future. Technologies can be regarded over their entire development away
too. Thus particularly also the prognosis value of statements from the application of ETV systems can
be checked.

Especially for those technologies as the number of brownfields, their size and the degree of damage
and respectively the size of the effluent and waste streams cannot be estimated reliably regarding the
globalized economy. However it is sure that especially in the developing countries but also in the
developed nations there is a considerable need for application (this is also valid for the innovative
technologies presented afterwards).

It is not possible to assign a concrete sales potential to the techniques presented here in individual
cases and in sum. For these technologies in particular because the number of abandoned sites,
whose size and the dimension of the damage respectively the dimension of waste water streams and
waste streams cannot be measured reliably with view of a global economy. But it is sure that
particularly in the developing countries but in addition still in the developed industrial nations
substantial need of the use of these technologies exists (this applies in the same way also to the

innovative technologies represented in the foIIowing).19

9 A characteristic number which can help to measure a possible technology need at least roughly is
the characteristic number ‘annual environmental damage in percent of the gross domestic product
(GDPY)'. However this characteristic number aggregates over all environmental damages and all
measures. In China this characteristic number is already used.

See WIRTSCHAFTSWOCHE, Sonderheft China 2006, Sonderausgabe, Nr. 1, 02.10.2006, p. 28.

.For many decades boomed China at expense of the environment. From that 20 cities with the worst
air pollution 16 lies in China. Centres of the heavy industry like the northern Chinese Shenyang
belongs to as well as the metropolises Peking and Shanghai. According to estimations of the World
Health Organization approximately 250000 people die due to the strong air pollution in China each
year. On a third of the country regularly acid rain falls down. 80 percent of the Chinese rivers are
meanwhile contaminated which are for the majority of the rural population the most important source
of drinking water. 58 percent of all water bodies cannot be used for it currently. In addition
contamination and dehydration of the rivers lead to it that in 400 of the 699 large cities acute water
shortage is to be state.

The State Environmental Protection Administration (SEPA) calculated recently that the economic
growth of the country causes annually environmental damage at a value of ten percent of the gross
domestic product (GDP).

,So far we were proud to be the factory of the world. Now we could become the dump ground of the
world', warn SEPA vice minister Pan Yue. In order to prevent this now environmental policy is to
become to a permanent component of the economic policy.”
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2.1.2 Watermanagement and watertreatment

Afterwards the environmental-biotechnological procedures whose cited trends mainly aim at the
cleaning and at the conservation of natural resources of soils and waters now technical trends are

called which serve a more sustainable use of the vital natural resources water.

On earth 1.4 trillion m3 water can be dispose of 1.4 trillion m3 water. Of it however only 3 percent is
fresh water. Of this 3 percent are needed world-wide currently between 60 and 70 percent in the
agriculture for artificial irrigation. The remaining 30 to 40 percent are available in regionally very
different qualities for the supply of the industry and those of the people. This supply is not given world-
wide underlines the World Health Organization, WHO, if it indicates that from 6.2 billion people on
earth approximately a fifth (1.2 billion people) does not have an entrance to clean water. Furthermore
it is stated that nearly half of all people living on earth fights with diseases which have their causes in
insufficient water quality. Approximately 2.5 billion people live without hygienic waste water disposal.
These numbers are to halve themselves after the obligation of the industrial nations in the Millennium
Development Goals to 2015.

To Europe it applies that into the fewer industrialized parts the water quality of surface waters sinks
alarming because of a significant lack at treatment capacities. The production of drinking water of a
sufficient quality becomes accordingly ever more complex. On the other hand it is to be stated for the
as highly industrialized designated parts of Europe that the water quality improved in the last years by
the surface covering use of waste water purification technics at the state of the art.

The research within the range water management generally aligns itself with technologies, with which
one can reach the Millennium Development Goals better than as with the past state of the art. To this
counts the purely anaerobic waste water purification at low temperatures just like the implementation
of membrane technology into treatment processes and the development of adaptable multi-section-

infrastructures.®

2 Compare Troésch, W.. Wasseraufbereitung, in: Bullinger, H.-J. (Hrsg.): Technologiefihrer:
Grundlagen — Anwendungen — Trends, Springer, 2007, p. 513 - 514 as well as Informationsdienst
Wissenschaft - idw - Fraunhofer-Institut fir System- und Innovationsforschung (ISl), Miiller, B.:
Deutsche Technik gegen Wasserknappheit, 20.03.2007.
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The applications of techniques and technologies for the water treatment aim usually for an improved
supply of drinking water, an improved quality of drinking water, an improvement of the water
infrastructure and for an improvement of the effectiveness of the waste water treatment.! Among the

trends, which are to observe and to be considered in the more near future, are counted:

e Drinking water

The technological trends generally seize always the range of the adjustment of deposits and
consumption depending on the geographical and climatic situation. In areas whose ground-
water deposits are characterized by the penetration of salt water and whose surface waters
cannot be used in larger measure present themselves the rain water production, the rain water
use and the production of demineralised water by reverse osmosis and distillation as technical
challenges of the future. For the rainwater this challenge consists of developing low-priced and
quality-safe technologies for the production and storage of rain water as well as techniques for
the treatment of this raw water to drinking water. Rain water which was taken up over a roof
has nearly the quality of drinking and corresponds nearly technically demineralised water.

In the case of the reverse osmosis demineralised water can be won in the way that raw water
is pressed trough an only for water permeable membrane. The membrane is impermeable for
salts.

In the case of distillation raw water will be heated up to the evaporation of the water. The salts
of the raw water remains in a evaporation tank. By condensation of the water vapour at a cold

surface the demineralised water can be produced.

Both the reverse osmosis and the distillation are technically available for applications in niches

2 The immense meaning of the already current problem water supply and the appropriate technology
is described demonstrative also by Kirchner in a ,Special Certificates” of the WIRTSCHAFTSWOCHE:
»1he number affect harmlessly: On average each German uses 130 litres water per day (at the official
statistics). But those is only the half of the truth. A lunch from a steak with potato wages and tomato
salad, thereafter a cup of Espresso - already the balance looks completely differently: Water in the
feeders of the cattle, water for forage crops like soy and for tomato bushes and coffee plantation
makes a global water consumption of 3000 litres for only one meal. This calculated researchers of the
University of Twente.

Water is limited and precious. The United Nations count on the fact that global fresh water
consumption tripled itself in the next 30 years. In the industrialized countries of Europe and North
America there is an immense need of investments in antiquated water pipelines. The World Bank
speaks of expenditures for infrastructure of 600 billion dollar until 2015. After prognosis of the bank
Goldman Sachs water has the economic potential, to be promoted to the oil of the 21. century.
Services of enterprises of the water industry might be in demand on years outside.
There it was to be foreseen that the certificate industry takes up the topic. With one of the first papers
(DE0006962608) the mega trend already disbursed itself for investors. The certificate includes the
shares of the ten largest companies from the sectors water supply and water technology. Also with it
are for example manufacturers of treatment plants like the Japanese Kurita Water Industries or the
Austrian Christ Water Technology but in addition also well-known suppliers like the French Suez. Their
technology and services are ever more strongly in demand in view of the global thirst for fresh water
for agriculture, industry and consumption.”

WIRTSCHAFTSWOCHE, Nr. 37, 11.09.2006, Kirchner, C.: Globaler Durst, S. 176.



PROMOTE
Long term monitoring of technology and market perspectives (Final, English)

Deliverable no: 16 page 20 of 45

but for a broad application of these procedures they are too expensive and must be optimised
in combination with renewable energy sources.”
Generally it applies also that the water consumption in all consumption categories (industry,

agriculture, private consumption) must be reduced respectively arranged more efficient. 2
e Multi-Level-Technique to protect deep ground water

Deep ground waters which store up to several thousands meters deeply, represent a very
large and clean fresh water reserve. With the efforts for the use of these reservoirs must
accompany appropriate measurements which make possible reliable statements about it
which impacts are connected with this use in the whole of ground water (from the deep ground
water till to the ground water near the surface) and which future quality of the ground water
can be expected. Using the multi-level technology different measured values in different
dephts up to at present 170 meters depth are determinable, which permit conclusions about
the condition of deep ground waters. On basis of the won cognitions then if necessary

purposeful preventive measures can be introduced. 2
e Use of ozone for water-saving cleaning processes

With Cleaning in Place (CIP) is called the locally cleaning and disinfection of pipelines and
tanks par example in the food and beverage industry.

With new and environmental friendly ozone cleaning methods the input of conventional
cleaning chemicals to the disinfection can be avoided (this input is necessary to reach

hygienic requirements). At the same time cleaning water can be saved thereby.25

2 Trosch, W.: in the place cited, p. 515 — 516.

% The private consumption of water developed clearly declining in at least some member states of the
European union by an increased environmental awareness. Thus in Belgium the per-capita
consumption sank on 122 litres/day. Thus Belgium reaches a top position before Germany (127
litres/day, minus 12 percent since 1991), Denmark (136 litres/day) and Spain (145 litres/day). Bottom
of the table is Italy with 237 litres/day. In the USA the per-capita consumption amounts to even 300
litres/day.

Apart from the environmental awareness however also the price mechanism plays a role for the
consumer behaviour in relation to resources. Thus the supply of a cubic meter water in Germany costs
1.90 Euro/m3, on the other hand in Italy only approximataly 0.80 Euro/m3 and in the USA only 0.50
Euro/m3.

Compare Losse, B.: Tickende Bombe - Abwassergebuhren, in: WIRTSCHAFTSWOCHE, Nr. 6,
05.02.2007, p. 34 et sqq. as well as compare Schuermann, C. et al.. Mangel im Uberfluss, in
WIRTSCHAFTSWOCHE, Nr. 33, 14.08.2006, p. 47.

** Informationsdienst Wissenschaft - idw - Ruhr-Universitdt Bochum, Kénig, J.: Wie man tiefe
Grundwasser nutzt und schiitzt: Ergebnisse des Grundwassertages an der RUB, 12.09.2007.

% This new environmental friendly and ozone-based Cleaning in Place (CIP) technology was already
developed including the first prototype in the European Union project OZONECIP. The pilot plant is
tested at present in a laboratory-technical scale by the co-ordinator AINIA Centro Tecnologico of the
project in Spain. The ozone cleaning method is tested there by the example of different CIP processes
by dairies, breweries and wine cellars.”

Informationsdienst Wissenschaft - idw — Technologie-Transfer-Zentrum Bremerhaven, Jansen, A..:
Umweltfreundliche Ozonreinigung im Test, 12.09.2007.
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Vakuum systems as collection systems for waste water

Vakuum systems can be considered as hydraulic and hydropneumatic systems which can be
operated with few energy consumptions. In opposite to the state of the art this technology
causes substantially smaller investment costs and can be operated low maintenance. With
such systems the waste water can be removed from toilets or sinks by depression. In a place
of the mains therefore a storage tank will be installed in which a depression is produced
likewise as in the mains which is connected with the storage tank in connection. Large-area
networked mains should to be operated like that with consideration of pressure losses. Means
of transport is thereby the air which is aspirated with the loaded water (excrements). So the
water will transported up to the central storage. There the air is then sucked off again when

the depression drops down. %

Waste water cleaning

The before times clear adjustment on central purification plants of economical reasons collides
with the lacking adaptability of such plants to the demographic change and to changed climate
conditions. In addition lower investment costs can be obtained also by an industrial serial
production with the choice of suitable lot sizes. The implementation of new developments can
be facilitated by smaller lower-priced plants. Plants, which were manufactured by the principle
,Plug and Play' - as industrial modules make an adjustment at changed conditions possible.
Used plants can be sold and new plants can attached then which are suitable to the current
needs. Accordingly to this trend New approaches for a semilocal water management are

demonstrated. %’

% Compare Trésch, W.: in the place cited, S. 516.
" Compare Trésch, W.: in the place cited, S. 516.
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o Semilocal use of rain water

In development areas rain waters of roofs and rain waters of side roads can be led
over collecting tanks into semilocal rain water storages which serves as lean
ventilated input for the supply of households with rain water. Such water is suitable for
washing machines and dishwashers, garden irrigation and toilet fluses. To keep given
quality standards the rain water will treated with a ceramic ultrafiliration membrane or
with additional technics (activated charcoal biology, wet oxidation). The necessary
recovery units can be settled in the middle of a housing construction.
The supply with drinking water is made then by a second pipeline, which is designed

as closed circular pipeline. 2

Semilocal waste water treatment

Over intakes lines waste water streams are central united and cleaned anaerobic by
means of high speed membrane technology. ,First stage of the plant is a micro
filtration unit from ceramic rotation disk filters, which up-concentrates without addition
of aids all solids - also the flowing bacteria and pathogens - to a concentrate stream of
up to 100 g anhydrous mass per litre. The concentrate stream with solids like also the
filtrate stream are converted in a two-stage high-load-anaerobic-stage with integrated
micro filtration to biogas. The regenerative biogas is supplied to an utilization as
combined heat and power generation in order to cover the power requirement of the
water house. Since the micro filtration decouples the solid retention time of the
hydraulic retention time completely, the anaerobic degradation can be maximized. The
water of the filtrate stream is then first subjected to a MAP precipitation (magnesium-
ammonium-phosphate) before in a second step a ammonia recovery happens (the
product is ammonia liquor or an ammonium salt = nitrogen fertilizer). The spout of the
purification plant is free of bacteria by the integrated micro filtration and the content of
the spout at organic trace elements (pharmaceuticals/endocrinal activities) is
substantially reduced in opposite to that of arge-scale installations. A To this trend are
to be added also such projects, which have the goal of a separation of waste water
qualities at the source in grey water(shower, bath tub), yellow water (urine) and brown
water (excrements) in connection with other utilizations like compost and liquid
complex fertilizers, (ECOSAN).“?°

%8 Compare Trosch, W.: in the place cited, p. 516.
% Trosch, W.: in the place cited, p. 517.
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0 Use of organic waste

The material concentration in the waste water can increase by kitchen wastes which
are milling in a special apparatus. This is integrated into the sink. Thus both the
separate collection of bio wastes is avoided and the profitable energy share in the
waste water is increased (organic materials of the bio waste contain according to their
carbon/hydrogen-relationship energy equivalent which lies more highly as from fuel

oil). *°

As marked for the trends from the range environmental biotechnology already, also those here as
promising identified technological trends represent a suitable platform for the application of already
existing ETV systems or ETV systems developing in the future. Technologies can be regarded over
their entire development away too. Thus particularly also the prognosis value of statements from the
application of ETV systems can be checked. *'

The important market for the adoption of water technologies and waste water technologies alone will
be estimated until 2010 on 400 billion euro.* In the market for water technology it is assumed that the

market grows with constant annual rates from six percent. %

%0 Compare Trésch, W.: in the place cited, p. 517.

3 Advanced information to the here pointed out technical trends but in addition comprehensive
information to other technologies, initiatives are to look up into the sources specified below: Hancke,
K.: Wasseraufbereitung. Chemie und chemische Verfahrenstechnik, Springer, 2007; Mutschmann, J.:
Taschenbuch der Wasserversorgung, Vieweg, 2002.

In the internet:

www.gwpforum.org

www.unesco.org/water

www.wasser-wissen.de

www.dwa.de

wWww.wsstp.org

Here navy areas were not regarded as habitat, which sees itself suspended to increasing changes.
This caused in particular by economic acting in the sectors transport/logistics, agriculture but also
chemistry. For the European seas is to assess meanwhile a clear degradation of its condition (water
quality). If can be worked against to these changes with new environmental technologies also these
technologies could be an interesting area for ETV systems because of the clearly analysed and
defined current status.

Vgl. Informationsdienst Wissenschaft - idw - Alfred-Wegner-Institut fir Polar- und Meeresforschung,
Pauls, M.: Meeresforscher prognostizieren schwere Zeiten fir die europdischen Meeresgebiete,
04.07.2007.

% |nformationsdienst Wissenschaft - idw — Fraunhofer-Institut fiir System- und Innovationsforschung
(ISI), Maller, B.: Deutsche Technik gegen Wasserknappheit, 20.03.2007.

% Vgl. Schuermann, C. et al.: in the place cited, p. 46.

»1he annual need at new technologies and products for the disinfection, filtration, demineralisation,
recovery and treatment of water amounts to 40 billion euro. ... The USA, China and Asia are the
biggest markets in the world for facilities and services in the water management and in the and
sewage management. In China suffers more than 400 of the 660 large cities from water shortage.
Here the market for water infrastructure grows in two digits. “

Although the global suppliers of water infrastructure pursue quite different strategies:

»Siemens is concentrating on the treatment of sewage, it is as drinking water for households or as
water for the industry. Competitor GE is concentrating on products for disinfection and
demineralisation of water.*
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2.1.3 Air pollution control

Afterwards the environmental-biotechnological procedures and the procedures for the water treatment
whose cited trends mainly aim at the cleaning and at the conservation of natural resources of soils and
waters now briefly still technical trends are to be marked out which take up the application area air

pollution control and serve at the sustainable utilisation of a further vital natural resources. 3

Air pollution control means all those measures, which decrease or avoid a setting free of unwanted
materials due to human or economic activity. With the release from a source the term of the emission
is linked. Thereby emissions from stationary sources (defined source; technical facilities like par
example power stations with chimneys, stoves et cetera) are easier to collect and quantify than so-
called diffuse emissions from mobile sources (par example ships, motor vehicles) or from surface-
sources(e.g. waste dumps with bulk materials). The following figure 8 shows possible kinds of
emissions. All emissions commonly however it is that they are away-carried from the point of origin by
air movements, mixing itself with other air masses by spatially spread and dilute themselves
sequentially.

With the shares of emissions, returning on the earth's surface, one speaks of immissions with which
people are confronted. Logically immission control laws specifies among other things emission limit
values for air pollutants from defined sources in order to limit immissions in their surroundings. An
evaluation of the air pollution by immissions or by the emission concentration makes necessary an
appropriate measuring technic which are integrated into the plants and coupled with the production
process in case of emission-controlled plants. Increasing importance wins the interpretation of the
results of immission measurements regarding certain conclusions like par example the temporal
change and the cause or the source of additional immissions. Here par example mathematical,

statistic and analytic methods with meteorological data are combined.®

34 Advanced information to the here pointed out technical trends but in addition comprehensive
information to other technologies, initiatives/programs but also to data of air pollutions are into the
sources specified below: Baumbach, G.: Luftreinhaltung, Springer, 2005; Gorner, K.: Gasreinigung
und Luftreinhaltung, Springer, 2001.

In the internet:

www.env-it.de

www.umweltbundesamt.de/luft/index.htm

www.umweltbundesamt.at/umweltschutz/luft

http://www.bmu.de/luftreinhaltung

% Compare Schmidt, K. G.: Luftreinhaltung, in: Bullinger, H.-J. (Hrsg.): Technologiefiihrer: Grundlagen
— Anwendungen — Trends, Springer, 2007, p. 522 et sqq.
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ash from combustions oil mist carbon dioxide from combustions
carbon black from combustions, cars finest droplets of condensed gases Gasen ammonia from stock-breeding
cement from cement production processes fineste water droplets with solved materials solvents from colours

metal dust from metallurgical processes petrol vapour of refuel-processes

odours: combustion of wood

Figure 8: Types of emissions (according to Schmidt)

e Optimisation of technical filters

Simulation-based optimisation

For the air pollution control filtering was established as an effective technology. Also into the
optimisation of these substantial utilities are increasingly used mathematical and software-
based methods like the simulation. Thus become par example carbon black particle filter for
the avoidance of particulate matter emissions meanwhile to be optimised by simulation over
different measurements such as kind and thickness of the filter material or kind and size-
distribution of particles regarding goals like par example long regeneration intervals. Thus the
development time of new filters with improved efficiency can be reduced likewise as the costs
of the development. At the same time here a link is pointed out to a technical trend, the
simulation, which is regarded still more exactly into the below specified ,linked technical

trends”, (see 2.2).

Improvement of the properties of fibres to intercept or to adhere

Multiple filtering mediums should have additional properties to adhere also gases apart from
the separation of particles. This can be achieved by activated charcoal fibres with a micro-
structured internal surface likewise as by the coating of fibre-filters with activated charcoal or
the construction of the filter from microscopic activated charcoal balls. Trend-setting also is the
use of catalytic effects, par example by the inclusion of purify-distributed titanium oxide into
the filter surface in order to oxidize then the gas-molecules by an irradiation with ultraviolet
light.*®

% Compare Schmidt, K. G.: Luftreinhaltung, in: Bullinger, H.-J. (Hrsg.): Technologiefiihrer: Grundlagen
— Anwendungen — Trends, Springer, 2007, p. 525.
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e Catalytical removal of volatil organic compounds (VOC)

Beside nitrogen and sulphur oxides also volatile organic compounds (VOC) contribute to the
air pollution. They are not sufficiently metabolised however from the today's systems to clean
exhaust gases at ambient temperature so far, which are based on photo catalysts.

In Japan with a porous manganese oxide, into which gold nano-particles were brought, a new
catalyst was developed, which the air clearly more effectively released of the VOC and this

metabolised at the catalyst as this so far with conventional catalyst systems succeeded.”’

" Informationsdienst Wissenschaft - idw — Gesellschaft Deutscher Chemiker e.V., Hoer, R.: Fir
saubere Luft, 02.04.2007.
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2.2 Linked technical trends

Below some further technical trends are cited, which are in close relationship to the already
represented trends of the ranges environmental biotechnology, Water management and water

treatment and air pollution control respectively supplement these trends.
e Use of novel sealing technologies

In particular regarding the problem areas supply with media and entry of harmful substances
in soil, water and air by supplying or disposal structures the quality of line systems becomes a
high importance. Here new seal technologies can contribute to an improvement of the
protection of the environment.

However from refineries par example in Germany escape annually up to 2.4 million tons
gases, steams and liquids uncontrolled in air, water or soil by an estimation of the
Environmental Donation German. Reasons of that are usually defective seals, which have a
short life span only in particular with pressures of up to 400 bar and temperatures between
minus 200°C and plus 500°C, how they prevail in oil refineries and chemical large-scale

installations.®

e Use of satellite supported navigation systems

As in the agriculture for topics such as nutrient analysis and fertilization planning it is
substantial also for the here regarded environmental technologies that for the planning of its
application and for the control of process and success a correct sampling represents a central

problem.*

%8 Vgl. 0.V.: Technik + Wissen Innovationspreis, Revolution im Rohr, in: WIRTSCHAFTSWOCHE, Nr.
4, 22.01.2007, p. 82.
+Alfred young, owner of the special manufacturer Jungtec from Pulheim near Cologne, has the
solution ready: a seal, which prevented leakages in fittings under all circumstances and in addition
which is extremely inexpensive by small materials requirements. Fitting way called Jung it on the
name revolution. The seal consists strong punched sheet metal ring of one only 0.1 millimetres, into
which concentric grooves are shaped. The actual sealing work carries out graphite, which presses
itself into the grooves, if the pipes with large power are bolted with one another. A few inner rings
remain free of graphite, so that to the graphite is never getting in get contact directly with the often
aggressive gases or liquids, which are flowing by the lines.
... The new seal replaces the series Eco plus, with which Jungtec gained sales of approximately two
million euro in the past year. With the seal ‘revolution’ the company wants to advance into completely
different dimensions. The world market of seals has a volume of approximately four billion euro. ,With
our product the industry needs not to complain about the price', says Jung. ,That is environmental
rotection, which she will be able to afford.”
® To measure the fertilizer quantity correctly is not only a question of ‘good technical practice' and of
the economic success, but also crucial for the reduction of environmental impacts of the agriculture as
there are: gaseous nitrogen emissions, nitrogen and phosphorus discharges in ground water and
surface water, the contamination of soils with unwanted, but often inevitable secondary ingredients of
fertilizers, like for example heavy metals.



PROMOTE
Long term monitoring of technology and market perspectives (Final, English)

Deliverable no: 16 page 28 of 45

Preliminary examination, which lead to seizing measures, can be supported and improved just
like investigations in the process of the measure (monitoring) and controls of success after
their closure by the adoption satellite navigation systems (GPS). This systems are meanwhile
unrestrictedly and economically available. With the use of satellite navigation systems spatial
differences of soil and waters characteristics can be located correctly and considered with the
evaluation and interpretation of data. A satellite-based definition and adjustment of measuring
points and places for the sampling of measures can represent an improved basis for the
production of maps and flags and contribute to an improved verification of the specific use of

environmental technologies.

e Software for the planning of the supply and the disposal of settlements

By the adoption of new software solutions for the planning of supply and disposal of cities,
villages or industrial areas resources can be used more effectively. This appropriate
simulations can contribute to save costs and to decrease environmental effects (in particular
emissions). In particular for the conception of new settlements simulations can lead to more

effective use of resources and to the avoidance of expensive additional corrections.*’

With which methods kind and height of the necessary supply at mineral nutrients are determined and
in particular which new approaches from the science it gives in this area was presented on 23
November 2006 on the Nutrient Day of the Federal Research Institute for Agriculture (FAL) in
Braunschweig by scientists of the Chamber of Agricultur Lower Saxonia (LWK), the University Kassel,
the Veterinary University Hanover as well as the Institute for plant nutrition and Soil Science of the
FAL.“

Informationsdienst Wissenschaft — idw — Bundesforschungsanstalt fir Landwirtschaft (FAL), Fink, M.:
Neue Ideen braucht das Land — FAL-Seminar zu Nahrstoffanalyse und Dungungsplanung,
10.01.2007.

“ Compare 0.V.: Technik+Wissen Innovationspreis, Optimierte Stadte, in: WIRTSCHAFTSWOCHE,
Nr. 4, 22.01.2007, p. 85.

.In the city of the future a first-class thermal insulation reduces the heating need to a minimum.
Optimised power stations produce energy inexpensive and environmentally friendly. A well developed
suburban traffic replaces cars. Which techniques help thereby can determind by a software called
EnyCity, which developed the power supplier EnBW, Karlsruhe. It consists of the modules building
engineering, supply networks, energy production and city planning and considers all location-specific
peculiarities - from the cook habits up to locally available energy raw materials like coal, wind and
biomass. From this the software develops a total concept. In the case of the town Synia (millions of
inhabitants), which is built as a new city close Shanghai, so the carbon dioxide emissions decrease by
25 percent and the energy consumption by 15 percent, compared to a traditionally planned city.
Savings are not completely so large, if the program is applied to old buildings.”
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Software for the control of combustion processes

The carbon dioxide output can be decreased significantly by the application of intelligent
software for the control of industrial combustion processes. The combustion processes are
noted with cameras and evaluated afterwards. In the result the air supply is regulated in such

a way that the combustible is optimally exploited and fewer pollutants are created.*’
Software-based simulation

With the dramatic increase of the performance of modern computers and server solutions the
method of the simulation find one’s way into nearly all industries of modern national
economies as well as the research institutions introduction (see also the here already
mentioned examples in 2.1, and 2.2). There are purpose-referred completely different technics
like par example the 3-D-Simulation or the process simulation. All simulation methods it is
commonly that they ,using mathematical algorithms, programmings and the arithmetic
performance of computer systems, try in very early phases of the development of products,
processes, technologies and constructions to optimise the article planned regarding certain
sizes. Thus on the one hand already promptly unsuitable ways can be eliminated and on the

other hand development time and development costs can be reduced substantially.

Results:

* improved quality

» reduced costs

» time savings (start of production, time to market

simulation of produktion processs (exampel: automotive industry)

%

30

... efficiencies expected by companies

30

time savings reduction of costs improvement of quality

Data: Study of the management consultancy Roland Berger, WIRTSCHAFTSWOCHE, Nr. 18, 2003, S. 81.

Figure 9: Efficiency of simulations

* Duerand, D.: Sauberes Kraftwerk, in WIRTSCHAFTSWOCHE, Nr. 12, 19.03.2007, p. 94.



PROMOTE
Long term monitoring of technology and market perspectives (Final, English)
Deliverable no: 16 page 30 of 45

The automobile industry is considered as most important users of automation and simulation
technics. In particular the time gained with the process design is here in the focus of the
interest because of the ever shorter product cycles (see figure 9).

Although simulated data first replace real data during the development process. These
simulated data can be used then during the development process of a technic or a technology
in order to review and if necessary to confirm hypotheses or assumptions concerning the

suitability of the technic/the technology regarding the achievement of certain characteristics.

Simulated Data

Real Data (Measurement)

§ 3 1 1

—
Process of development

Figure 10: Application of simulated data in the process of development
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Trends — form of organization, cooperation, information und data

Just like technical trends for the ranges of the here regarded environmental technics and

environmental technology it gives also trends to observe and consider for the organization forms and

co-operation in and between the institutions, which are active within this sector (companies,

companies in municipal ownership, research institutes, universities, development organisations et

cetera).

Same applies to the offer of information and data, which can use these institutions for their

environmental oriented and/or economic acting likewise as for the external communication to its

acting.

Substantial identified trends are specified in the following:

Increase of cooperation

A very substantial trend of the last years, which will be updated also in the future, is the clearly
visible increase of cooperation. This means cooperation between research institutions,
cooperation between research institutions and economic units (companies, but in addition also
municipal institutions like par example supplying and disposal companies, public utility
companies et cetera) and cooperation of economic units among themselves. Although this
applies both on the regional and on the national and the international level.

One most substantial reason of the increase from cooperation is the technical development
within the information and communication technology, which allows for the first time a division
of labor in researching and managing over large spatial distances.

As a further reason is to be seen in the fact that often the identification and/or production of
new products and services or of products and services with extended innovative properties is
frequently only made possible by common researching and managing of most diverse
institutions.

This trend was recognized both by the European Union and in the member states, so that it is
to be stated that the number of regional, national and international clusters, networks,
technology platforms, initiatives of excellency et cetera increased significantly. It appears also
completely practically in the arrangement of the European Research Outline Plans.
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e Increased application of technologies in developing countries

»The world-wide economic growth is determined according to a study of the World Bank in the
next quarter century ever more strongly by developing countries. It means in their yesterday
publishes report ,Global Economic Prospects' that it is to be counted in the next 25 years in
the comparison to the same period before only on an easy acceleration of global growth. ,This
result is carried however more than ever by the very good development in developing
countries', said the main author of the paper, Richard Newfarmer.“*?

The World Bank estimates the world-wide economic growth on 3.9 percent (2.4 percent in the
euro area) for the exhausted year 2006 and prognosticates a world-wide economic growth of
3.2 per cent (1.9 per cent in the euro area) for the year 2007. The importance of the
developing countries for the further development is underlined by the fact that the World Bank
for these countries assumes that their economic growth continues with a plus of more than six
percent (2006: approximately seven percent, small weakening prognosticated for 2007 and
2008). That is approximately twice as high as in the countries with high income, in which are
expected approximately 2.6 percent.

In the developing countries this prognosticated economic growth is closely connected with
significant progress in science and technology, by which the productivity of these national
economies in this measure can be increased.

Although in particular the transfer of the technics and technologies regarded here becomes a
great importance. On the one hand because economical subsequent costs of the increased
productivity, like e.g. overflowing environmental costs can be reduced or avoided by using this
technologies. On the other hand because a contribution for the durable use of natural

resources can be carried out by its adoption.*?

42 0.V.: Weltbank warnt vor Rezession in den USA - Schwiche des Immobiliensektors -

Entwicklungslander tragen weltweites Wachstum, in: Berliner Zeitung, Online-Ausgabe, 14.12.2006
sowie The International Bank for Reconstruction and Development / The World Bank: Global
Economic Prospects: Managing the Next Wave of Globalization, 2007.
http://siteresources.worldbank.org/INTGEP2007/Resources/GEP_07 Overview.pdf

* This forced use of environmental technologies in developing countries is not only desirably but
urgently necessary like the example China shows: “Of the world-wide 20 large cities with the worst air
quality alone 16 lies in China. The condition of the lakes and rivers of the country are hardly better.
Seven of the nine largest lakes of China are ,completely contaminated', like Pan Yue, Vizedirektor of
the national environmental protection agency Sepa, recently explained. “

Kamp, M.: AulRer Kontrolle, in: WIRTSCHAFTSWOCHE, Nr. 35, 27.08.2007, p. 34.
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e Training of specialists from developing countries

The straight needs of developing countries regarding an (at least relative) avoidance/reduction
of environmental impacts with simultaneous growth of these national economies make it
necessary not only to export the technics respectively the technologies developed in the
member states of the European Union into these national economies. It is further necessary to
make trained specialists able locally to also use these technologies.

To that the extend market development for the environmental sector should accompany to the
training of native specialists. This is recognized increasingly and will be reflected in the

development of international courses of studies.*
e Electronic business registers in the EU

A substantial contribution to the creation of knowledge about potential market participants and
their special field of activity in the here addressed markets can be the already created or in
near future be created electronic company registers. In these potential market participants
could not only be identified, but these enterprises are characterized also after kind and
financial characteristic numbers.*®

In Germany par example a substantial part of company data whose publication is intended by
the legal order is central consolidated in the electronic enterprise register. The reasons for this
are European Union-legal guidelines and the recommendation of the government commission
Corporate Governance. This contributes to an improvement of the publicity of company data,
since these data are then structured and homogeneous to observe and investigate. This was
demanded by the European Union and a wish respectively a proposal of the economy.46
Similar registers with the possibility to have an online access on company data and to win thus
a more detailed picture of markets by using a centre, are to be expected for all European

Union member states because of the conversion of appropriate European guidelines.

* Completely up-to-date par example a cooperation of education in the environmental sector between
Germany and Brazil the activity up. The experiences of this cooperation in the project EDUBRAS (start
of German courses of studies in environmental protection in Brazil) should used afterwards for the
development of a similar cooperation with Turkey.

,One recognized the environmental technology in Brazil as an important topic, but there are missing
well trained specialists. ... The concept takes up also a demand of the Environment Summit of
Johannesburg from the year 2002 to halve up to the year 2015 the number of humans without
entrance to clean drinking water.”

Informationsdienst Wissenschaft - idw - Universitat Stuttgart, Zitzler, U.: Umwelttechnologien fir
Megastadte, 14.09.2007.

“*> In Germany the configuration of such an electronic business register was finished on the 01.
January 2007. The register is to be seen now over the Website https://unternehmensregister.de

*® The German law EHUG converts the guideline 2003/58/EG for the change of the 1. guideline under
company law, parts of the European Union transparency guideline 2004/109/EG as well as resolutions
of the government commission Corporate Governance. Furthermore it is a contribution to ,the small
company act “ for the discharge of the medium-sized businesses and founders of new businesses.

www.bmj.de
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Extended offer of information (company data) of the statistics

A new statistic offer, which is desirable for all member states of the European Union over the
respective central statistic institutions, can be made with the supply of operating and company
data in the longitudinal cut.*’

Like that are par example in Germany operating and company data in the longitudinal cut
available by the Federal Statistical Office since 2007.

Thus the data offer for the science in the field of the economic-statistical single data is
extended clearly (by linkages of longitudinal-cut-data with so far exclusively in the profile
evaluated statistics). This allows new possibilities of the empirical economic research to the
investigation of economic contexts and developments, from which also the economic policy
can profit, because thereby long-term comparisons become possible. Further such an offer for
research purposes allows new information possibilities straight with view to the arrangement of
possible cooperation and for the estimation of possible sales potentials by companies or
research institutions.

47 Informationsdienst Wissenschaft - idw - Statistisches Bundesamt, Pressestelle Statistisches
Bundesamt: Betriebs- und Unternehmensdaten im Langsschnitt ab sofort fir Forschungszwecke
verfugbar, 11.12.2006.

»The data are on the one hand a longitudinal-cut-preparation of the survey on cost structures in the
manufacturing sector, in which data of nearly 43000 enterprises for the years from 1995 to 2004 both
for analyses in the profile and for analyses in longitudinal cut are available. On the other hand
information to persons employed, sales and investments for enterprises in the manufacturing sector
from the years 1995 to 2004 are combined to data in the longitudinal cut. In the spring 2007 will be
additional available the sales-tax-statistics 2000 to 2004 with altogether about 4.3 million companies
for evaluations in the longitudinal cut.”

www.forschungsdatenzentrum.de
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4 Conclusions

From a rough analysis of the European environmental sector and with view beyond the European
Union the development of the sector presents itself as a success history. Some points appear
necessary or desirable for the further positive development of the European environmental sector.
These topics are mentioned pass-pointlike below:

¢ the necessity for technology-spreading high technology promotion, national co-ordinated (the
past development of national environmental sectors of members of the European Union

confirms the past efforts)

e the necessity for technology-spreading high technology promotion, European Union wide co-
ordinated
(the past development of the European environmental sector confirms the past ef‘forts)48
Although the possibilities for the integration of the industry in research projects should be

optimised further on the national as on the European level.

¢ high technology promotion for developments by companies could be extended by additional

fiscal depreciation possibilities of the research expenditures (after Chinese model)*

o the factual determined risen awareness of populations for environmental questions opens
further market chances to the market participants also in the developed industrial nations
(therefor necessarily: marketing, product development not only for industrial customers et
cetera)

Although this awareness should be transferred from the population to responsible persons and
employers of companies, understanding environmental technics and environmental
technology as

0 ameans to a reduction of costs,

0 ameans to an improved resources efficiency and

0 a means to a decreased environmental effectiveness of industrial processes.

e bright prospects and market chances arise as a result of specialisation with the goal to reach

a dominating market position

8 Particularly to the European promotion of environmental technologies current empirical values are
present, which are used for the further arrangement of the public promotion.

“The Institut for Future Studies and Technology Evaluation - IZT - organizes on the 31. May in Berlin
a Workshop with experts from all over Europe to the topic ‘Public promotion instruments for the
development of environmental technologies’. On the Workshop first results of the relevantly promoted
research project Fundetec (Funding Environmental Technologies) are presented.

Informationsdienst Wissenschaft — idw — Institut fir Zukunftsstudien und Technologiebewertung,
Debus, B.: Offentliche Férderung fir Umwelttechnologien — Internationaler Workshop, 07.05.2007.

* Kamp, M.: in the place cited, p. 90.
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concentration at the competition around the best technologies not only on competitors from
Europe, Northern America and Japan, but particularly also on fast growing developing

countries (China, India, but also Russia and Brazil)

technology development should be seen particularly also under the criterion of the solution of
problems in other economic areas (developing countries). This secures on a long term the

existing chances in the export of technics and technology.

environmental technics and environmental technology must be able to be measured at the

Millennium development Goal receipt of existing natural resources

environmental technics and environmental technology must be able to be measured at the
Millennium development Goal protection of the daily availability of vitally necessary goods for

whole mankind (drinking water par example)

environmental technics and environmental technology must be able to be measured at

national and European goals for the creation of employment

the creation of standardized legal basic conditions is worthwhile also for the range of the
environmental law giving (European and world-wide), particularly to ensure planning security
all participants on the globalised markets and to release if necessary comprehensive
investments in environmental technology. For the same reasons internationally co-ordinated

emission defaults are desirable.*

chances for European companies results in particular if them regard the attention of standards
and laws not only as an obligation (legally compliance), but when they regard this as a chance

and anticipate new developments promptly.

0 Belda (CEO of the aluminium company Alcoa) requires a stage plan. Therefore the carbon dioxide
emissions are to be frozen in the next five years on 100 to 105 percent of the today's level. Until 2050
a feedback on 60 to 80 per cent is suggested. ‘It concerns to us thereby also planning security for our
investments', says Belda, besides the formulated desires are ,only the beginning'. Necessary is
besides a consistent environmental law giving in the United States. The country is however far of it: So
seven Federal States want to introduce their own emission commercial system until 2009. One law for
the whole country would activate many investments into new environmental protection technology,
Belda is safe itself. He could quite imagine an emission right trade after the European model. In the
long term one law for the whole world is worthwhile, said Belda - however that is a very long-term

goal.”

0.V.: Amerika soll sich an die Spitze der Umweltbewegung setzen, in: Frankfurter Allgemeine Zeitung,
FAZ, Nr. 21, 25.01.2007, p.14.

Compare also 0.V.: Umwelttechnik wird Job-Motor, in Frankfurter Allgemeine Zeitung, FAZ, Nr. 123,
30.05.2007, p. 15.
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5 Outlook

The environmental sector and the technologies summarized under this sector are measured
predominantly on appropriate economical characteristics, in order to assess its/their importance within
national economies and economic areas. This can be on the one hand the share of the gross
domestic product, GDP, or the sales of a sector of a national economy. On the other hand for the
relatively recent sector of the environmental technics and environmental technology is characteristic
and so far apparent at least likewise important is a characteristic of the sector by means of
characteristic numbers, which describe the sector over expenditures in the range research and
development (R & D). This means expenditures for research and development of whole national
economies for the interests of environmental protection likewise as expenditures of sectors in their
sphere of influence or the appropriate expenditures of institutions for education and further training in
the area of the environmental technology.

Such characteristic numbers will also keep in the future their indicator-similar effect for the description
of current development levels of the environmental technology markets of individual national
economies like those of the member states of the European Union or of economic areas like the
European union. For the increase of the force of expression of such characteristic numbers it seems
recommended to intensify the efforts of the member states and of the European union with the goal
that a data pool raised according to standardised criterions and methods to the sector environmental
technology can be used.

It is to be considered that these characteristic numbers are only in certain way of quantitative nature
and state possibly few over the reduction or avoidance of environmental effects obtained with the

developed environmental technology.

Therefore highest importance is to be measured out to the current social developments, which the
problems of the climate change and the energy shortage transported beyond the stage of scientifically
interesting questions into the social awareness of individuals, economic units and political players and

made these problem fields to central problem areas of the early 21. century.>*

> Thus par example the study ,Environmental Awareness 2006* of the Federal Office for Environment
Protection points out for Germany that the environmental protection in the awareness of the citizens
represents one of the most importantly felt problems in Germany. The current discussion to the
weather and to the climate change would have moved the topic in such a manner into the public
awareness.

Compare Informationsdienst Wissenschaft — idw — Universitat Rostock, Peters, W.: Zukunftsthema
Umweltschutz — Universitdt Rostock reagiert auf aktuelle Entwicklung, 19.01.2007, sowie
Informationsdienst Wissenschaft - idw - Umweltbundesamt (UBA), lttershagen, M.: Umweltschutz als
politische Aufgabe gewinnt an Bedeutung, 05.12.2006.

The study is available under the address
http://www.umweltbundesamt.de/umweltbewusstsein/index.htm in the Internet. Further information,
also to the previous studies, is available under www.umweltbewusstsein.de
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The importance will increased by the fact that the two problem areas stand in relationship with each
other. Apart from the shortage of fossil sources of energy requires particularly the environmental

protection a world-wide rethinking on the global and regional energy markets.>?

In particular the sector environmental technology will be able to be measured in the future at the
question to how and to what extent he can contribute to the problem solution in these problem areas.
It is to be foreseen that the public promotion of technologies of the environmental technology will
orient itself likewise at these problems like the interest of the economy in the development and in the

adoption of appropriate technologies and technics.

A substantial criterion for present and future technology development as well as present and future
use of technics within the environmental range will be thus how these technologies contribute directly
or indirectly to the climate protection. The importance of technologies to the avoidance of
environmental effects might be still more highly estimated than from technologies to the reduction of
environmental effects. In case of a zero-contribution of an environmental technology to this meanwhile
global accepted goal a technology development might have few chances for support and a forced
adoption.

It is to be accepted that economic success will adjust itself to short-term and medium-term view at the
earliest to this companies of the environmental sector, which develop and offer technologies, which
are relatively directly interlinked with the goal climate protection in its characteristics avoidance of

climate influencing environmental effects or adjustment at climate changes.

52 QOver the world-wide capital markets all economically acting players are linked with these problem
fields in the long run. By the capital markets reports of specialized committees like the
Intergovernmental Panel on Climate CHANGE (IPCC), 4. report of the committee, 2007, or ,The Stern
Report* of the British government 2006 are taken into the account. This knowledge is influencing the
current economic process par example by the analysis of chances or risks of investments. Thus Swiss
major bank UBS par example published on the 31.01.2007 a study, which followed the question,
which investment chances and investment risks the climate change brings with itself. The UBS
assumes that the possible climate change is more than only a “sexy” topic at the capital markets and
analysed that in particular such companies offer chances in the future which ,are concerning itself with
products and processes for an improved energy efficiency and renewable energies®.

0.V.: Der Klimawandel als Anlagethema - Vielfaltige mdgliche Auswirkungen auf einzelne Branchen,
in: Neue Zlrcher Zeitung, NZZ, 01.02.2007, Online-Ausgabe,
www.nzz.ch/2007/02/01/bm/articleEVRIC.html

Due to the climate change the UBS sees concerned over regulatory interventions and tightened legal
directives first industries with high carbon dioxide emissions like par example energy supply, cement
production, chemistry, iron and steel production which are characterized also by the fact that a
conversion to more environmental friendly technics runs more lifelong. Other polluting industries such
as automobile industry, aviation and construction industry could react faster. In transferred time
windows therefore are offered market chances to the environmental sector, in order to optimise
technologies and technics and/or to develop new technologies and technics for other industries which
are at action pressure.
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The same can apply to all those technologies and/or the developers and suppliers of technologies,
which are connected directly with the goal of improved energy efficiency. The economic success might
be here still more largely, because appropriate increases of the efficiency influence directly positively
the operational result of the user of that appropriate technologies. Since from rising prices for energy
in each form is to be proceeded in the long term, the energy efficiency becomes increasingly an

optimisation criterion to secure of promising competition positions in markets (see also figure 11).

Less prominent than the energy efficiency in the current political discussion represented is the
resources efficiency general. *®

However it applies also here that the competition is led increasingly also across this criterion, because
resources efficiency and energy efficiency are on the one hand a substantial development goals of
Europe as political goals and on the other hand goals of each economic acting unit. ** In particular all
technologies which make possible an optimised supply and/or use of the resource water should gain
in the future still further significance. >

% As the most elegant solution for the climate protection evaluated von Weizsacker the energy
efficiency. Economists would always speak of the productivity of labor and capital productivity - of
resources productivity however one does not hear anything. Those must be increased tenfold to 2050,
however, as by the industrialization the productivity was multiplicated by the factor 20."
Informationsdienst Wissenschaft - idw - Deutsche Bundesstiftung Umwelt (DBU), Elpers, F.-G.: Erst
Ulrich von Weizsacker: ,Biotreibstoffe sind der grofite Angriff auf die Biodiversitat!, 17.09.2007.

>4 Compare Rocholl, M., Gilium, S., Schlegelmilch, K. in cooperation with the Aachen Foundation:
Faktor X and the EU: How to make Europe the most resource and energy efficient Economy in the
World — A Guidebook to Policies and Legislative Initiativs within the European Union, October 2006 -
2nd completely updated and revised edition.

www.aachener-stiftung.de/downloads/factorx_2nd.pdf

Compare Losse, B., Seiwert, M., Hohensee, M.: Zweite Welle - Umweltschutz, in
WIRTSCHAFTSWOCHE, Nr. 12, 19.03.2007, p. 29.

.--. many enterprises are this time part of the movement - it is by conviction, is it from economical
calculation... Costiveness with the energy consumption and the resource consumption has to do few
with the environmental protection in view of short resources first but much with the reductions of
costs.”

% 'Water will play a key role for the future development of the entire economy’, says Dieter Kiiffer,
water-analyst with the SAM Group. Alone to guarantee the basic supply of water world-wide must be
applied annually up to 80 billion dollar, according to World Bank. Pessimists expect expenditures of
180 billion dollar per year. ,It applies to master three challenges, the supply of the sufficient quantity, to
secure the quality of the water and the receipt and structure of the infrastructure', says Kuffer.”
Schuermann, C. et al.: Mangel im Uberfluss, in WIRTSCHAFTSWOCHE, Nr. 33, 14.08.2006, p. 44.
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Energie-Effizienz

Energieverbrauch je Einheit des realen Bruttmnlands
produkis (100 =bester Weit)
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Figure 11: Energy efficiency in an international comparison
(energy consumption per unit of the GDP [100 = best value])*®

% 0.V.: Bush will Amerikas Olverbrauch senken, in: Frankfurter Allgemeine Zeitung, FAZ, Nr. 21,
25.01.2007, p. 11.

In the comparison of the Institute of the German Economy one points out in an index form, how much
energy national economies need for the production of their gross domestic product. Energy efficiency
is thus not only for companies or other economic units a measurable and a characteristic size but also
for national economies or other economic areas. The comparison of the Institute of the German
Economy shows that member states of the European Union can take front places within the compared
national economies, in addition, that there are still clear level differences between the member states.
For a more comprehensive environmental efficiency indicator additionally to the energy efficiency also
the keeping clean of air and the water consumption are set into relation to the gained GDP. This
confirms the extensive mention of technical trends for the ranges water and air pollution control (see to
chapter 2.1.1, 2.2.2 and 2.2.3). If the environmental efficiency indicator is used, then the national
economies of Ireland and Switzerland reach top positions (Institut of the German Economy), one
regards only the water consumption occupies Great Britain a top position and is regarded the air
pollution control excluding, is Switzerland on the top position.

The figure permits also the conclusion that not only developing countries are an important market for
exports of pollution-control technology and environmental technology, but also large developed
national economies outside of Europe like par example the USA or Australia, which see a necessity
for efficiency increase because of the size of their national product and the connected important
environmental effects with its production.



