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Environmental Issues in the German Delphi 
Survey 1993 

Uwe Kuntze 

1 The Delphi Project 

Growing eompetition on the world market and an inereasing teehnological change 
are forcing economies and organisations to concentrate their research activities on 
seleeted areas: Identifying emerging teehnologies and new applieations is one of 
the key questions in research poliey. One of the prominent foresight methods is 
the Delphi technique. The Delphi method is especially useful far lang-range Jare
casting (20-30 years) where expen opinions are the only souree of infomnation 
available. 

As by far the best experienee in large Delphi foresight exercises was available in 
Japan, where especially the Seienee and Technology Ageney (STA) sinee 1971 
uses this method every five years for its teehnology foresight, it was deeided to 
draw on this Japanese experienee and to perform a German Delphi investigation 
prineipally along the Japanese guidelines (aims, topies, eharaeter and method) and 
to duplieate the fifth Japanese Delphi survey of 1991. One aim of this approach 
was to eompare the Japanese and the Gemnan answers in order to analyse possible 
differenees and to understand the euHurai influenees on teehnology assessment 
(see Cuhls and Kuwahara 1994). 

For the survey, 16 teehnologieal areas were defined, eontaining topies for whieh 
expeetaUons of realisation of defined stages of development (exploration [also 

'" Seetion 1 of this paper is adaplcd [rom a publication of my colleagues Sibylle Breiner, 
Kerstin Cuhls and Hariolf Grupp: Teehnology foresighl using • Delphi-.pproach: • I.p.
nese-German co-operalion, in: R&D Management 24, 2, 1994 
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called elucidation] => industrial development => first applieation => general 
application) were asked from participants in the survey (panelists). 

For each of the 16 technological areas one questionnaire was developed. The 
questionnaires are identically structured and cover variables to assess each topic 
like importance, time of realisation, accuracy of the time detennination, necessity 
of international co-operation, national levels of research and development (R&D) 
activities and major constraints for realisation. The variables were defined the 
following way: 

lmponance: 

Time of realisation: 

Accuracy ofTime 
Detemlination: 

Necessity of International 
Co-operation: 

National R&D levels: 

ConstraintsJor Realisation: 

Impact of the topic on research and develop
ment, economy and society is high, medium, 
low ornone. 

Estimation of the period of realisation: before 
1995, 2001-2005, 2005-2010, 2011-2015, 
2016-2020, not before 2020, no opinion. 

Estimation if accuracy of time determination 
by the panelist is high, medium or low. 

Estimation if an international co-operation is 
absolutely neeessary, necessary, helpful or not 
neeessary at all for realisation of the regarded 
topic. 

Which nation is leading regarding research and 
development (R&D): the USA, Japan, another 
country or Germany. 

Constraints for realisation conceming technical 
problems, legal aspects, cultural factors, de
velopment costs, shortage of investment capi
tal, human eapital, R&D-system or others 
(2 choiees). 

In addition, each panelist was asked to assess his or her individual degree of ex
pertise as high, medium, low or none. 

The results of the Japanese survey are presented in NISTEP (1992): the German 
survey results have been published by the German Federal Ministry for Research 
and Teehnology (BMFT 1993) which commissioned the underlying research proj
ect to ISI (Fraunhofer Institute Systems and Innovation Research). 
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The first round of the German Delphi survey started in August 1992, which meant 
a delay of about one year compared to the Japanese survey. The experts were 
chosen by the project team of the Fraunhofer Institute for Systems and Innovation 
Research (lSI). For this purpose, mainly two on-line databases were used. Accord
ing to certain selection criteria, about 3000 addresses were chosen from the data
bases. 

In total about 1050 experts participated in the first round of the Gennan survey. 
The questionnaire was sent to the pane11ists in January 1993 for a second time, 
providing the findings of the first round in Gennany but no infonnation on the 
Japanese resuIts ("blind experiment"). About 850 questionnaires (80% response 
rate) were sent back until 31st of March 1993 and were ineluded in the final data 
evaluation. 

Some basic statistics on the sampie of the Gennan Delphi are shown in Table I 
considering the response rates of round one and round two, gender, age, place of 
employment and type of employment. AIthough no direct influence could be ex
erted on the structure of the responding panellists, the Gennan sampie was geared 
towards similar structures and indeed tumed out to be very elose to the structure 
of the Japanese sampie (see Table I). 

2 Results with regard to environmental issues 

With its 16 technological areas from partieIe physics to topics relating to societal 
und cultural "technologies" (cf. table 3) the survey aims at covering the complete 
spectrum of issues relevant for the long-tenn development of (hard and soft) 
technologies. The topics either picture scientific/technical disciplines 
("geosciences") or application fields ("transport"). For the field of environmental 
issues there are two approaches for analysis, the results of which are both pre
sented in this seetion: by technological subfield 8 "ecology/environmental tech
nology" and by a transversal analysis of a11 relevant topics for environmental 
issues contained in the 16 technologie al areas. 

Because of the large numbers of topics (between 39 and 108) in each subfield, for 
the presentation of analytical considerations to the material, aselection has to be 
made. We have chosen to present the 10 most important topies. To show a list of 
only ten questions was an arbitrary decision beeause the fo11owing 10 or more 
questions might also have got a comparably high ranking. Furthermore, it should 
be born in mind that the top list represents eo11ective assessments and may not in
clude disputed topies that are highly esteemed by seleeted expert groups only. The 
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material in the annex tables tries to give the reader a comprehensive scope of 
information though the richness of the material is only touched upon. 

Presenting the results for the degree of importance and for the necessity of inter
national cooperalion, indexes are used. In both cases, the original answers "high", 
"medium", "low", and "unnecessary" were given values cf, respectively, "4", "2", 
"1", and "0", and responses were indexed from a maximum of 100 (in the case 
where all respondents chose "high") to • minimum of 0 (in the case where aII 
respondents chose "unnecessary"). 

Table 1 Basic Statistics on the German and Japanese Sampies 

German Enviroment issues Japanese 
Survey in German Survey Survey 

No. of topics 1147 50 1150 
Participation First Round 
Questionnaires sent out 3534 510 3334 
Valid Responses 1056 76 2781 
Response Rate % 30 22 84 
Participation Second Round 
Questionnaires sent out 1046 75 2781 
Valid Responses 857 62 2385 
Response Rate % 82 83 86 
Distribution 0/ Respondents (%) 

Male 96 95 99 
Female 4 5 1 
younger than 30 years 2 1 0 
30 - 39 years 20 24 5 
40 - 49 years 25 21 31 
50 - 59 years 41 37 45 
60 -69 years 12 15 18 
70 ye.rs and older I I I 
[rom Business Entcrptises 41 45 38 
Higher Education 38 25 37 
Govemmenl 15 24 15 
Private Non-Profit 6 5 10 
acti ve in R&D 81 81 79 
non-R&D 19 19 21 
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2.1 Technological subfield ecology/environmental 
technology 

In the Delphi survey there is one technologieal subfield explicitly addressing envi
ronmental questions: ecologylenvironmental technology (subfield 8). It is one of 
the smaller technologieal fields in the survey, comprising 50 topies. Of these, 
some 60% address global problems while the remainder concems problems of a 
more regional character. The importance given to this technologieal field in the 
survey has been raised substantially when compared to the 30 topies included in 
the fourth Japanese Delphi survey of 1986. Still, the relative neg1ection of envi
ronmental problems is being judged as a deficit from a number of Japanese ex
perts and has raised heavy criticism arnong German experts. 

With 62 respondents answering the round two questionnaires in the field of ecol
ogy/environmental technology, this subfield shows an active representation of 
experts. With regard to gender and age there are no significant differences to the 
average (cf. table 1). These do exist, though, with regard to the institutional set
ting: significantly less experts from higher education institutes, significantly more 
experts from research institutes outside the universities and from industry than on 
average have participated in this technological area. 

Regarding the topics with the highest rating oj imponance given by German ex
perts (table 2; for details cf. Annex-table 1) one can clearly see problems concem
ing climate change in front (questions 4, 12, 13). It is remarkable that the two 
highest ranked questions are clearly distinct with regard to the expected realisation 
time. The practical use of substitutes for fluorocarbon and halon is expected quite 
unanimously for the year 1999. A worldwide 20% reduction of the emission of 
carbon dioxide, however, is being expected only for the year 2009, the uncertainty 
about the realisation time being rather great. One fourth of the experts expects 
such areduction only to be realised by the year 2020. This sceptica1 expectation 
can be found especially arnong the active experts in this field. In a number of 
comments to this question, to~, a sceptical view was presented towards an early 
realisation of substantial reductions of C02 emissions. Summing up, it must be 
concluded that the greater part of German experts is doubting the realisation of the 
decisions of the Toronto dimate conference of 1988, which aimed at a reduction 
of 20% until the year 2005. 

A second group of topics among the ten with the highest rating of importance 
concems the destruction of the tropieal rain forests. The elucidation of impacts 
exerted by destroying tropieal forests upon dimate and weather is being expected 
for the year 2003 (topic 26). As an option lying far ahead in the future (realisation 
in the year 2017) but nevertheless of great importance is seen the development of 
effective recovering technologies for reproducing the ecosystems of tropical rain 
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forests. In comments to this question, though, also great doubts are being pro
nounced as to the principal feasibility. 

The third thematic group arnong the ten most important questions concerns hard 
degradable or toxic chemical substances. Both the elucidation of lifecycles of hard 
degradable chemical substances in the environment, connected with the develop
ment of a method to predict their distribution in the environment (topic 45) and 
the development and the fixation of a taxonomy for toxic chemicals (no. 46) are 
judged as highly important. The realisation of the taxonomy is expected clearly 
earlier, in the year 2002. The prediction of life cycles of hard degradable chemical 
substances is estimated to be realised only in the year 2008. 

Table 2: The ten topics ranked most important in technological subfield 8 
"ecology. environmental technology" 

Index of 
Topic importance 

4 Praclical use of materials that replace fluorocarbon and halon. that do 96 
not damage the ozone layer and cause 00 global warming problem. 

12 Worldwide reduclion of the emission of carbon dioxide (per year) by 96 
20% of the current level. 

I3 Possibility of controlling an incrcase in the concentration of the 90 
greenhouse effect gases (other than carbon dioxide) in the atmosphere. 

26 Elucidation of impacts exerted by destroying tropical forests upan 90 
c1imate and weather 

38 Widespread use of product design techniqucs easy (0 recover and 90 
separate materials of disposed durable consumer goods for recycling 
purposes. 

28 Devclopment of effective recovering lechnologics for reproducing 89 
damaged tropical forest ecosystem. 

32 Widespread use of fuel control technologies in virtually all types of 88 
automobiles, capable of meeting the emission contral standard for nitric 
oxide on the order of 0.1 w 0.2 glkm. (The current level for heavy diesel 
motorcars is on the order of 4 to 5 glkm, and the standard contro! value 
for gasoline passenger cats in 1978 is 0.25 g/km.) 

45 Accumulation of knowledge conccming the fate of hard dcgradablc 87 
chemical substances after release into the environment in advancc 10 

Lheir production. 
35 Development of a compact. waste water treatment system applying 87 

biotechno!ogy, enabling high!y efficient treatment of hard!y de
composable and harmful substances 

46 Establishment of techniques, models, and data bases for biologieal 86 
testing and measurement of the hannfulness of chemical substances 
resulting in the constructioo of screening systems for harmful chcrnical 
substances. 
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The remainder of the questions of highest importanee eoneems differently eom
plex topies and does not form a eoherent group. 

Within the field "eeology and environmental teehnology" the period of realisation 
is mainly seen in the nearer future. About 90% of the topies should, after esli 
mation of the experts, be aeeomplished within aperiod of 17 years (i.e. unlil the 
year 2005). 

The greatest constraints in this field still are estimated to be of a teehnieal nature, 
but the relative importanee of teehnieal problems is judged smaller than in other 
teehnologieal fields. In eomparison, the problem of development eosts is gaining 
ground. A distinet defieit is being remarked for the German R&D system eoneern 
ing impact research in various topics. 

International cooperation is eonsidered important especially with the global top
ies. The motivation seems to be rather the insufficient R&D system than the eost 
aspeets of development. 

In general, eeology and environmental teehnology are seen as a field in whieh 
Germany has a leading position in research and development. This is marked with 
the topies eoneerning the rather regional environmental problems, while with 
global environmentaI topies the USA are seen slightly leading. 

2.2 Cutting across all technologies: results for the transversal 
issue of the environment 

When talking about the environment, it is obvious that in other subfields than 
"eeology/environmental teehnology" there are to be found environmentally rele
vant questions, espeeially in the subfields 6: resourees, water management; 7: 
energy; and 9: agrieulture, forestry, fishery. A screening of a11 1147 questions in 
all subfields as to their relevanee for the environment identified 244 relevant 
questions from a11 subfields (table 3) with the exception of area 15: health eare, 
where questions do not so mueh refer to the eauses of diseases but rather to diag
nostie and therapeutie problems. These 244 environmentally relevant questions 
from all teehnologieal subfields will be the basis of further analysis in this seetion. 
This proeedure, too, must be diseussed methodologically as to its impact on the 
results, a first outline of such a discussion is presented in seetion 3.1 of this paper. 

In the following presentations, too, the ten highest ranking topies are presented 
(cf. the methodologieal remarks in seetion 2.0), if not an equal ranking of topies 
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mentioned by the panelists enforees to present a larger number of topies. This is 
the ease for the ranking of 
• highest importanee (where II topies are ranked first) 
• the mean estimate of the earliest year of realisation (with 17 topies) 
• the mean estimate of the latest year of realisation ( 11 topies) 
• the highest ranking of assumed legal restraints for realisation (11 topies) 
• the highest ranking of assumed problems for realisation due to development 

eosts (14 topies). 

Within the order of "highest ranking" we have maintained the ranking aeeording 
to ordering numbers (teehnologieal fieldlnumber of the topie) whieh is absolutely 
arbitrary, too: results ofthis ranking method may, therefore, not be interpreted. 

Among the ranking of eaeh "top ten" in the eight fields analysed there are only 
eleven topies that are eontained in two different rankings (table 4), so that the 
Annex-tables I - 8 contain 82 (34%) of the 244 topies refering to environmental 
issues in the Delphi survey. 

The eleven most important environmental topies (Annex-table 2) were being esti
mated at almost the same level of importance (index between 98 and 96). They 

Table 3: Composition of the transversal environmental topics 
Topics 

No of Topics in concerning environment 
the German % oftech-

No Technological Area Delphi Survey number nological 
area 

Materials, Materials Processing 108 16 15 
2 Electronics and Infonnation Tcchnology 107 7 7 
3 Biosciences 98 18 18 
4 Elementary Particles 40 10 25 
5 Marine and Geosciences 82 27 33 
6 Resources, Water Management 39 15 39 
7 Energy 51 23 45 
8 Ecology, Enviromental Technology 50 50 100 
9 Agricullure. Forestry. Fishery 73 28 40 
10 Produclion Technology 72 12 17 
11 Urbanisation, Construction 65 17 26 
12 Communicalion Technology 65 2 
13 Acrospace 46 7 15 
14 Transport 62 9 15 
15 Health Care 108 0 0 
16 Sociel~, Culture 81 4 5 

Total 1147 244 21 
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ean be grouped to subjeet areas: there are three questions eoneerning cJirnate 
change (5/40, 8/4, 8/12), two questions eaeh in the areas water resourees (6/32, 
11/45), energy (5/66, 14/15), waste and waste reduetion (11/51, 9/69) and one 
eaeh in the areas eontrollrneasurernent (4/27) and urban planning and eonstruetion 

Table 4: Correlation of topics - rank numbers 

5 e '8. 
~ 

~ u 

E = = tl ~ 

6 0 = ~ E E ." 0 
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0 il «! Topics ~ '~ 
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u j ~ ~ ~ .5 ..J ,... Cl .5 

Control of artificial heat generation and accumulation of 

51 66 
heat in the air through improved technologies for 

1 8 
utilizing natural energy,leading to successful heat 

balancing of the earth. 

Development of waste recycling technology. enabling 
11/ 51 the amount of city waste (Le .• that must be disposed of) 3 4 

to be reduced to half its current level. 

Widespread and general use of biodegradable packing 
91 69 materials that can be decomposed naturally to harmless 6 12 

substances by rnicroorganisms, enzymes or the like, 

51 40 
Elucidation of the mecharusms of the fonnation, change; 

8 8 
and extinction of the ozone layer surrounding the earth. 

Practical use of materials that replace fluorocarbon and 
8/4 halon, that do not damage the ozone Iayer and cause 00 9 7 

global wanning problem. 

Elucidation of thc behaviour of rnicroorganisms in the 
31 97 biosystem and practical use of genetically engineered 7 1 

rnicroorganisms released into environments. 

Practical use of international monitoring systems for 
51 41 changes in the atmospheric composition ofthe 9 5 

stratosphere. 

61 19 
Practical use of economical methods of segregati ng 

10 5 
valuable substanccs in city garbage for their retrieval. 

Establishment of a comprehcnsive marine ecosystem 
51 22 theoI)', enabling elucidation of impacts on the ecosystem 2 2 

arising from marine developmenl. 

Development oftechnologies based on large-scale 
51 7 numerical models for forecasling changes in the global 1 5 

oceans. 

161 10 
Practical use of technologics that will eliminate NOx and 

9 13 
other pollutants that cause today's air pollution. 
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Cl 1/43). The topies concem foremost problems and consequenees of growing 
urbanisation whieh is one of the most relevant problems of sustainable develop
ment. It is mostly not the ease of developing basieally new teehnologies but rather 
of putting available teehnologies into praetieal use. Many of the topies are - to 
varying extents - in the proeess of being introdueed into applieation in western 
industrialised eountries (li/51, 11/43,6/32, 15/15,9/69,11/45,8/4). This is being 
supported when looking at the early realisation times which are expeeted mostly 
in the next deeade. The main eonstraints, therefore, are less teehnieal but rather 
cost problems. 

As for the mean estimation of the earliest years of realisation seventeen instead of 
ten topies have to be eonsidered (Annex-table 3). The four topies expeeted to be 
realised earliest (i.e. until 1995 or 1998) have, in the meantime, indeed been real
ised, at least to a eonsiderable extent. As one would have expected, they fall into 
the late categories of the innovation cyde, that is practieal use or even widespread 
use. This makes dear that the foregoing phases of elucidation of a prineiple or 
establishment (of an aeknowledged method) have already been passed. This situa
tion makes it most intelligible that these topies have been ranked highest with 
regard to this dimension of analysis. The following 13 topies all are expected to be 
realised by the year 1999 (mean estimate). Again, most of them are eoneemed 
with the late innovation phases practical use or widespread use. They concentrate 
mainly on teehnieal and organisational problems of water supply and waste water 
as weIl as on waste prevention and recycling in urban regions. 

Eleven topies make up for the latest years of realisation (Annex-table 4) which 
refer to the years 2017 and later (until 2021), i.e. twenty-four to twenty-eight years 
after the survey was condueted. These are not simply the mirrored pietures of the 
topies with earliest realisation estimates. Among these highest rated latest realisa
tion years there is no topie eoneerned with the diffusion phase of realisation 
("widespread use"), although seven of the eleven topies (almost two thirds) eon
centrate on the phase of "praetieal use", indieating that the problems of putting 
ideas into working praetice are expected to have been solved up to then. The 
topies eoneentrate on medium- or long-term problems of securing human living. 
Most of these topies are rated rather low as to their importance. We think that a 
contradiction beeomes apparent between importance and the urgency of required 
solutions: the farther a solution is being expected for the future, the lower the 
importanee is being estimated, even if essential conditions of human living are 
touehed.When regarding the constraints for realisation of the proposed topics the 
experts were asked to choose up to two arnong the following seven: technieal 
problems, legal aspects, cultural factors, development eosts, shortage of 
investment eapital, low level of human capital, insufficient R&D system in 
Germany. From the results it follows that the two most important constraints are 
teehnical problems (with 95 - 56% of the experts naming this for one of the 
topies) and development costs (named by 86 - 63% of the expens). These are 
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followed on a lower level by a perceived insufficiency of the German R&D 
system (58 - 43%) and legal problems, whereas a low level of human capital was 
only diagnosed by 8 - 14% of the experts as being a major constraint for the 
realisation of the technologies in question. 

The ten topics with the highest ranking of assumed teclmical problems Jor reali
sation (Annex-table 5) concentrate on questions of dimate change and measure
mentlcontrol with Ihree topics each. Questions on climate change like the substi
tution of fluoroearbon and halon (8/4 and 16/10) also receive highest rankings as 
to importance while the relatively low rating (index 78) of the importance of 
changes in the cultivation of rice plants to minimise nitrogen emissions (9/9) may 
point to same degree of ignorance of German experts towards a problem which 
they are not familiar with. Unlike one might have expected there is no correlation 
of the ten topics rated highest with technical problems for realisation and the ten 
most important topies which cause realisation problems because of a low level of 
human capital, and hardly any correlation with the ten mostly narned topies which 
slate an insufficient German R&D system. The reasons for these unexpected 
results would have to be investigated. 

For assumed legal restraints Jor realisation eleven topics were ranked highest 
(Annex-table 6). While the other topies were mentioned from between 47 and 
27% of the experts as being among the most important for legal constraints, one 
topic excels by being rated from 73% of the experts: this concerns the practieal 
use of genetically engineered microorganisms (3/97). Among the remaining ten 
highest ranked topics there are four more topies concerned with biotechnology 
(8/48, 9112, 9/46, 3/25), two topics being coneerned with radioactive waste (7/28, 
7/27), and two topies which propose to use information technology/standards for a 
thorough observation and eontrol of the state of the environment. These scorings 
certainly give a realistic estimation of the state of the public discussion of these 
topics in Germany, whieh is often followed by the action of political decision 
makers. 

There were 13 topics ranked highest with regard to assumed problems Jor realisa
tion due to development costs (Annex-table 7). The range of ratings arnounts from 
86% of the experts to 63% with the last four topics. There is a concentration on 
observationlmeasurementlcontrol technologies of which Ihree topics have been 
named (5116, 5112, 5/21) and on solar devices (7115, 7/16). Among the 13 topics 
of assumed problems for realisation due to development costs there are also four 
topics with a high index of importance (between 97 and 91); these concern clean
ing technologies for waste water (6132), biodegradable packaging materials (9/69), 
the elimination of air pollutants (16/10), and the noise reduction of large freight 
vehicles (14/25). 
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Analysing, finally, the ten most prominent topics being judged as causing prob
lems jor realisation because oj an insufficient German R&D system (Annex-table 
8), most of them (some 70%) refer to the early phases of innovation (elueidation, 
development). While a concentration on marine topics may be explicable because 
Gerrnany has no substantial marine resources and the eoncern thus is not being 
feIt adequately, we have no explieation why an insufficiency in the German R&D 
system is being judged as a prominent problem for realising solutions in impact 
analyses and prognoses (6/39, 5/22, 8/23, 1l/42) or the use of biologieal systems 
for anthropogenie needs (10/21, 1l/42). Among the ten topies rated highest as 
eausing problems for realisation beeause of an insuffieient Gerrnan R&D system 
the ranking for "importanee" has been judged rather high whieh we interpret as a 
sign of a high degree of sensitivity for environmental questions in Gerrnany. The 
high ranking of these topies for the "neeessity of international eooperation" may 
point to the need of eompensation for the defieieneies being feIt in the Gerrnan 
system. 

3 Interpreting foresight data and research priorities 

Poliey makers and strategie deeiders in all organisations of soeiety need to get 
information input conceming their decisions as to future developments. And of 
course they would like to have this information as precisely as possible - forecast
ing rather than foresight is what they want. But to predict future scientific and 
technological development is a task which is objectively spoken not possible. Any 
study dealing with technological foresight can only provide ideas and add more 
information to a process of long-range thinking and planning (for a review of 
studies cf. Grupp 1993). Still there remains the highly important question - what 
can be leamt by foresight exereises with regard to research priorities? Two aspeets 
of this topie shall be shortly diseussed here: methodological questions and the 
valuation of research priorities. 

3,1 Methodological remarks 

One main problem of aDelphi survey is the generation oj the joresight questions 
asked. Regarding the research question of identifying those technologies whieh 
will have the greatest impact on eeonomic as weil as on soeial development, the 
ereation of the questions is a very diffieult task. In order to eomplete this task as 
successfully as possible a steering eommittee was set up to prepare the fifth Japa-
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nese Delphi survey (which was deliberately duplieated in the German survey 
1993). High ranking personalities from industry, aeademia and publie organisa
tions were asked to join this steering eommittee whieh was in charge of the study. 
This steering eommittee deeided on 16 lechnological areas whieh were eovered 
by the survey (cf. table 3). For eaeh area a subeommittee of 5 to 10 experts devel
oped guidelines for seleeting those topies whieh were judged to be of major im
portanee eonsidering future direetions of teehnologieal development for eaeh area. 
About half of all topies were reprinted from the previous fourth Delphi survey 
depending on the development during the last five years. If a topie had been real
ised during this period it was either omitted from the questionnaire or the wording 
was changed towards another stage of development. The other part of the topies 
were new, generated for each technologieal area using suggestions from the ex
pens and comments from the partieipants of the fourth Delphi survey. 

In total about 1050 experts participated in the first round of the German survey. 
This response rate of 30% may seem low, but taking into account that such a sur
vey was done in Germany for the first time, the project team was quite content 
with this response rate. Three main reasons may explain this relatively low re
sponse rate. First, up to very recently the German government was not very active 
in technology foresight activities. With the notion of "unpredietability" of events 
in seience and teehnology, this activity had not been appreciated by other publie 
science bodies, either. Therefore, the confidence of the respondents in meaningful 
results was assumed to be low. (One typieal German respondent argued "I hope 
that - in the best case - the policy impact of the Delphi will be zero. You cannot 
prediet seience. Government planners should know this. Strong priority setting 
enforces meaningless projeets ... ".) The seeond reason is that - due to the pilol 
characler of the survey in Germany - it was diffieult to predetermine the most 
pertinent sub-area of expertise of each respondent. To overcome this difficulty at 
least panly, more than one questionnaire was sent out to some industry experts in 
order to let them ehoose their special fjelds themselves. The other experts, too, 
were provided with the possibility to change the subject of the questionnaire 
whieh had been sent to them to another technical area. Lastly, the Japanese proce
dure used a filter survey just asking for the willingness to respond to the Delphi 
process, and sent questionnaires only to those persons affirmative to the initialis
ing procedure, this explains the high Japanese respondance rate whieh is not com
parable to the German one in the first round. 

In sociology, most scientists assurne that there is a positive relationship between 
involvement in a specifjc research area and the assessment of it and that this 
relationship derives from the tendency of scientists to seleet problems in areas 
where there is high pay-off for successful solutions and eareer. The tendency to 
overrate fjelds in which a person works may be termed "bias". Shrum (1985) 
found not only a tendency toward positive bias for fjelds in whieh researehers 
have been aetive, but also this bias to be stronger in less innovative sub-fjelds. A 
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test for Delphi expert biases in the energy area (Shrum's investigation also dealt 
with energy research) tends to support this view in specific technology fields of 
the survey: active experts rate the importance of their own reserach speciality 
significantly higher than the other experts - both in Japan and in Germany. At the 
same time, the top experts downplay technical constraints in Germany (less so in 
Japan). 

The selection of experts for the area of ecology/environmental technology 
(technological subfield 8) has proved to be difficult. Though the original pool of 
experts identified through the on-line databases was relatively large (510 address
ees) a slightly lower than average respondance rate signals difliculties in partici
pation. This is conlirmed when analysing the expertise of the respondents: with 
the majority of topics, experts with "minor" expertise (knowledge drawn from 
journals/other experts) is predominant. This is probably due to the heterogeneity 
and the extreme breadth of the field, so that most experts have only a small seg
ment of own expertise and only minor knowledge about the other topics. Topics 
with a concentration of expertise (one third or more answers from respondents 
with great or medium expertise ["active experts"]) refer to 
global aspecls 
• acid rain (topies 20, 21) 
• reduction of C02-emissions (topie 12) 
regional aspects 
• practical use of techniques for decontamination of soil (topic 50) 
• widespread use of product design for recycling (topic 38) 
• substantial rise of heat efliciency for waste fuel power generation plants (topic 

41) 
• development of methods to assess socio-economic damage because of the 

destruction of the natural environment and use of these methods for preventive 
purposes (topic 42) 

• establishment of methods for screening systems for harmful chemical sub
stanees (topic 46) 

• widespread use of environmentally friendly vehicles (topic 49). 

From the numerous comments of the German experts it becomes evident that there 
exists quite some uncomfortness with this Japanese approach to foresight of the 
future development of the topie of ecology/environmental teehnology. In various 
cases, the topics have been estimated as being too strongly technically oriented 
and also, to some extent, too Utopian. This concerns especially possible strategies 
of storing or fixing COZ in large quantities . This techno-centric approach would 
lead to eure symptoms instead of tackling the causes and the global interactions of 
the environmental problems. Furthermore, the German experts claim that plenty of 
the topics dealt with are technically solved already or will be in the near future, 
but because ofpolitical reasons are not lit for accomplishment. 
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Generally, it has been criticised that the technieal subfield "eeology/environmental 
teehnology" contained too few truly ecologieal questions. A large part of the 
themes rather were eoncerned with teehnieal remedies for environmental prob
lems. From this point ofview, there resulled a couple ofpropositions to add ques
tions, especially concerning the elucidation of complex ecological connections 
including biological components. 

While for the analysis of environmental topics it would not have been adequate to 
restriet it to subfield 8: ecology/environmental technology, our procedure to in
clude topics from all subfields raises a methodological problem. The information 
gathered in the other subfields has been collected in its respective context - with
out referenee to it being environmentally relevant, i.e. Taking into aeeount that the 
experts have answered from their specific perspective to the subject, we have to be 
aware that especially the weighting of importance will not be comparable amongst 
each other: judgement on the importance of a question in the technological sub
field "transport" will reflect the hierarchy of preferences for tranport problems, not 
necessarily the one for environmental problems, though these might be heavily 
affected. 

The questions asked in aDelphi survey have of course a great influence on the 
findings and on further interpretations. As the questions were translated from the 
Japanese questionnaire a strang Japanese influence on the survey design is obvi
ous. This might be one explanation why Japanese experts rated the importance of 
all questions generally higher than German experts. In order to find out if a differ
ence in judgement already exists on the level of selection, typical German (or 
European) questions have to be developed. Developing these questions and eom
paring the results of a second German survey to the questions and results of the 
Japanese survey was a logical next step towards establishing Delphi foresight as a 
1001 for research policy and strategie planning in Germany which is being 
finalised at present (midyear 1997) by ISI with the funding from the German 
Federal Ministry for Education, Science, Research and Technology (BMBF). 

3.2 Consequences for research priorities in environmental 
issues 

When comparing Japanese and German results of the Delphi survey, two principal 
resulls were found. 
• For many topics the results of the German survey praved to be more or less the 

same as in Japan. In these eases, this pravides evidence that the Delphi proce
dure daes not depend on national influences and peculiarities to any great ex
tent. Progress in technolagy daes appear to be truly international in nature with 
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practically no information deficits in major industrial countries. This could 
indicate towards growing openness of world-wide scientific and technological 
information (including its flowing to and from Japan despite the language bar
rier). 

• In the other extreme, for several items strong discrepancies in both surveys are 
found in many fields and in many details, pointing to the dominance of na
tional communities and systems of innovation. The main conclusion for these 
cases is that Delphi inquiries on technology should always be undertaken with 
an international panel including people from many countries and continents. 

For many other topics, no such extreme nor simple results were found but a mix
ture of congment and diverging results. 

The accuracy of estimations is - for Japanese and German experts likewise -
strongly and positively cortelated with the time of realisation. Topics estimated to 
be realised earlier are easier to predict and accuracy of the judgement is higher. 
This finding was expected. as short-term innovations are easier to foresee than 
innovations which will be made in the long run. Innovations to be made during 
the next decade are present in the laboratories today, that is why the judgements of 
the experts are rather identical concerning the time of realisation. 

Japanese organisations tend to look for international co-operations for those topics 
which have a long-term perspective for realisation. German results show no corte
lation between necessity of international co-operation and time of realisation. 
Interpreting these findings leads to the conclusion that one element of Japanese 
innovation strategies is seen in international co-operations but not in the short or 
medium term. However, lang-term co-operations are considered to be an adequate 
tool for overcoming own weaknesses like an unsatisfactory research and devel
opment system. For short- or medium-term realisations the danger of undesired 
knowledge transfer to countries and organisations which will very soon be riYal 
on the international market are one explanation why Japanese experts do hardly 
consider short- and medium-term co-operations. There is also a significant corre
lation between constraints and a high degree of necessity for international co
operations, whereas German findings show hardly any cortelation between con
straints and degree of international networking. 

There is no scientific way to determine research priorities, because all such de
terminations include value decisions which must be politically discussed and 
decided. Scientific investigations can, though, deliver and analyse information 
which is needed to allow for informed decisions. This is what Delphi surveys and 
their scientific analysis aim at. 

Because of the differing priorities of aims of different groups of actors, the mate
rial of Delphi surveys has to be evaluated according to their respective frame
works of aims and means. To illustrate shortly the possibilities concerning priority 
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setting on the basis of Delphi survey results, this paper assurnes the position of a 
decider for publie teehnology poliey measures. Certainly one of the most impor
tant variables available from the survey is the estimation of importanee of the 
topies by the expert panelists. Asssuming a general situation of need for and 
shortage of finaneial means to support research and development aetivities, it 
would be advisable to eoneentrate on those topies whieh were rated as the most 
important ones among the 244 eoneerning the transversal issue of environment 
(but see also the remarks about minority opinions in seetion 3.1 of this paper). But 
it would eertainly not suffiee for priorisation to be based on this sole faetor. For 
all other information collected in the survey there is DO unambiguous way to 
evaluate and include the variables into R&D priority decision making. 

Three praetieal examples shall illustrate the possibilities of research priority set
ting on the basis of the information gathered in aDelphi survey: 

(I) Topie 11/51: Development of a waste recycling teehnology which enables the 
amount of city waste whieh must be disposed of to be redueed to half its eur
rent level (cf. Annex-table 2) 

This topie eoneerns the devel opment phase of an innovation proeess. German 
experts rated this topie almost unanymously as important (index 98). Almost 
half of the experts (48%) judge that Germany is leading in R&D in this field , 
whereas none holds Germany's strongest eompetitors Japan or the USA as 
leading. The neeessary further development still ineorporates signifieant teeh
nol ogieal problems (named by 40% of the experts, whieh atlaehes this topie to 
the upper region of such topies) and suffers from the amount of development 
eosts needed (with 44% of the experts' votes also belonging to the upper 
ranges of these eonstraints for real isation). An insufficient R&D sytem was 
named by only 20% of the experts whieh means that it was rated as being 
rat her less importan!. Coneerning the diffusion phase of innovation there is a 
relatively low level of expeeted legal eonstraints for realisation (8% of the ex
perts) ; together with the experts' judgement of a low level of a lack of invest
ment eapital (8%) this points to the expeetation of the experts that the diffu
sion phase after the expeeted early realisation in the year 1998 should not be 
hampered too mueh by the eonstraints investigated. 
Taking these features into aeeount, this topie might be a prototype example for 
an innovation-oriented R&D support . The intention of publie poliey to priori
tise this topie might be deri ved from the expeetation of gaining a "double 
dividend" of environmental relief and economic success. The German position 
indieates an international lead in R&D. Japan was not named by any of the 
German experts as leading in R&D in this field; but as Japan suffers from a 
eomparably tight situation with munieipal wastes, this indieates a potential for 
exportation for possible German teehnologies (also eovering other (European) 
countries), though possibly not to the USA, beeause the environmental 
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pressures there are being feit less strongly (wh ich possibly explains why the 
USA are not being judged leading in R&D for this topic). 

(2) Topic 8/38: Widespread use of product design techniques for easy recovering 
and separating materials of disposed durable consumer goods for recycling 
purposes (cf. Annex-table 1) 

Since two decades or more, a majority of OECD memeber countries consider 
innovation (understood as practical application of processes or market entrance 
of products) and diffusion of supported technologies as one of the goals of 
public research and technology policies. Considering the goal of environ
mental relief, public policy aims at the widespread use of the best available 
technology. This "far end" of the innovation process does not normall y belong 
to research and technology policy, yet it Can contribute to this goal. 
From the evaluation of topic 8/38 which is judged highly important by the 
experts (index 90) there follows a series of reasons for a public research and 
technology policy: although "design far environment" (DFE) is developing 
since a couple of years al ready, 43% of the experts state that there still exist 
technological problems, and also 43 % rate high development costs as major 
constraint for the realisation of this goal. Both these factors may well be rea
sons for activities from public research and technology policy. Together with 
the estimation of 45% of the experts that Germany is leading in R&D in this 
field this would make a good chance to at least deli ver the technology in time 
so that the status of widespread use may be reached unti! the year 2004 (mean 
estimation of the time of realisation). But 21 % of the experts also point to le
gal aspects as a major constraint for the achievement of the goal. Most proba
bly there is no remedy from research and technology policy for this problem 
which may severely delay realisation. 

(3) Topic 6/27 (cf. Annex-table 3) seems to provide an example where research 
and technology policy can deliberately set a posteriority. The "effective use of 
water resDurces with very few cases of leakage of waterworks" is being judged 
as medium important (index 76) and there seem to be only few technical 
problems (28%) and even no problem from high development costs; further
more, the German R&D system is widely judged as being sufficien!. The main 
constraint for realisation is seen here in a shortage of investment capital (56% 
of the experts). So if not there is a chance to reduce the need for investment 
capital through R&D, this topic would probably need no priority attention 
from research and technology policy. 

These examples could only sketch the possibilities to analyse the material from 
the Delphi survey from the point of view of a political decision maker. It has be
come clear a1ready from this short sketching that the material has to be amended 
with other information in order to come to priority decisions. Furthermore, it is 
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necessary to include value decisions to achieve priorisations. The same holds true, 
of course, für decisiün makers in other organisations likewise. 

Concerning the usefulness of the whole investigation, it is expected that not only 
the analytical part of the Delphi survey will provide important information for 
future German technology policy but also that there was and will be an impact on 
the panelists themselves. Through answering the questions and checking their 
opinion with the anonymous assessments of other experts, the participants in the 
survey are Iikely to benefit from a learni ng effect. They were a11 provided with the 
estimates of other panellists in the course of the study and are free to make use of 
this information during their own future research. 

ADelphi survey is only one possible approach arnong many others to be used for 
technological foresight studies. Any technological foresight has to be integrated 
into global studies which also take into account soeial and economic develop
ments in the future. Foresight can only contribute to a "better" future if all aspects 
of human fife are integrated into agIobai picture. In order to develop detailed 
studies which consider technological as weil as soeial and economic topics the 
scope of any foresight has to be res tricted to certain aspects of the future - such as 
the development of a specific economic sector or sodetal bottleneck. 
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Annex Table 3: 17 topics with earliesl time ofrealisalion (mean cstimale) 
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8/ 50 with hcavy metals or cbemical substanccs (e.g., residue of agricultural 79 1997 1999 2003 45 9 0 13 43 51 2 4 60 13 0 15 
chemicals). 

Widespread use of rnetbods for processing materials that have bcen 
101 8 produccd by ultra-prccision casting or fe rging, by grindstones 10 rcplace 62 1997 1999 2003 42 10 23 8 38 72 0 5 38 5 0 18 

tbc cuttinc: metho(js ofprocessinc:. 

Establishment of comprehcnsivc, wido-area water control and management 

11/ 3 tcchnology for rivers, dams, and o tber water resources in the vicinily of 85 1996 1999 2002 72 8 4 0 38 17 21 17 54 17 0 21 
m ajor cities, enabling a more effcctive use of watet reSQurces. 

Widespread use of various artificial producls lhat previde a touching 
16/24 sensation simiIar 10 tha t of natural subslanccs such as mink 10 aid the 35 1996 1999 2004 45 15 3 6 12 15 3 39 21 9 0 0 

conservation of nature. 

ISI: Gennan Dclphi (basic data: BMFr 1993) 



Annu 'fable 4: 11 topiCS with lales[ time ofrealis ation (mcan csLimalC) 

Topic 
~ 
i 
.§ 
'0 
" II .= 

Time or realisation 

,g 
,~ 

" & 

c 
o 
'il 
~ 
~ 
• , .. 
> 
; 
E 

.g 
il 
~ 

! 

,9 
i! o • 

,~~ 
8~ 
u • 
C 0 
Ci .g 
~ . 
" E u u 

] .S 

8/ 16 I Crcalion of corni rcefs capable of fixing carboo dioxide allhc rate of 5 kglm2 , 42 12015 1 2021 12023 1 57 
per year or more, 

13/ 27 

719 

8/ 15 

9/ 50 

81 44 

Praetieal use of lunar materials (e.g" Si, 02 and 3He) as natural rcsourees. 

Dcvelopmenl of spaee solar power generating system s. 

Practical use of tcchnologies for col1ccling carbon dioxide [rom large boilers 
at thenna! power plants and the Jike, and for dumping it withou! eausing 
serious environmental impact 10 lhe ocean dcep (3,CX>O m or deepcr), gas 

fields and lhe like, 

Practjcal use of technologies ror conSl!Ucting scawccd "pasturesM in 
undcvclopcd areas such as sandy beaehes and csluanes 10 cxploitlhc potential 

produclivity of marine organisms. 

Determination of prcsence or absence of trans-general ion cffccls of 
enviroomcntal conlamination on human heings, 

45 12017 1 202112023 100 

27 12014 1202012022 86 

46 12013 120201 2023 59 

15 12018 1202012023 44 

69 I 2008 1 20181 2022 74 

International compari!lOn 
of Ihc research and 

devclopment levels (%) 
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2/ 90 
Practical use ofsyslems 10 guard infonnation from dCSllllction or loss due to 

71 2007 2017 2022 86 22 3 9 0 63 3 19 9 6 0 6 
natural disasters or human intention. 

Contro! of artificial heat generation and accumulation of heat in the air 
5/ 66 through improvcd tcchnologics for utilizing natural energy, leading to 98 2008 2017 2021 82 10 5 10 30 50 0 15 45 10 0 30 

succcssful heat balancing of lhe earth. 

Practica! use of sophisticatcd reprocessing tcchnologics eapable of group 

71 26 
separation. 111e separation of nuc1idcs from high-level radioactive wastcs 

48 2012 2017 2021 79 5 6 28 8 57 23 8 29 6 0 8 
according to half- life or thc likc (c.g., the separation ofTRU elements, " 

137Cs. 40Sr, and elements of thc olatinum group). 

71 29 
Development of quenching processing technology for radioaclive waste bascd 

61 2011 
on high-energy elemenlary particles. 

2017 2022 86 15 2 26 4 62 11 4 34 4 2 13 

8/ 28 
Dcvelopmcnt of effcclive recrlvering Icchnologies for rcproducing damagcd 

tropieal forest ccosyslern. 
89 2010 2017 2022 83 9 2 18 5 41 0 20 30 18 5 30 

ISI: Gennan Delphi (basic data: BMFT 1993) 
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8/4 
Praclical use of materials lhat replaee nuorocaroon and halon, that da not 

96 1997 1999 2003 84 20 4 7 35 63 9 6 43 13 0 17 damage thc ozone laycr and canse no global warm ing problem. 

Construction of artificial islands for proccssing waste for offshore dumping 

5/ 18 
in watcrs to abaut 100m dcpth. (Rcruse is completc)y disasscmblcd and 

26 1998 2011 2013 29 8 8 0 8 62 31 8 38 0 0 8 
dccomposed for lhe purposc of dumping harrnlcss parts and rccycling 

usefu] parts of Ihe feruse). 

161 10 
Practical usc of tcchnologics that will climin atc thc NOx. and ether 

95 2003 2008 2012 88 13 13 5 34 61 0 5 63 18 0 5 pollutants that cause today's air {X)llution. 

9/9 
Practical use of rice plant cultivation by dcveloping and utilizing symbiolic 

78 1999 2003 2007 72 6 32 12 0 56 3 3 15 18 6 18 
algac and fungi wil h a high nitrogen fixing [unclion. 

1ST: Gennan Dclphi (basic dala: BM ri1993) 



Annex Table 6: II topies with highest ranking of assumcd legal reslraints for realisation 

International comparison 
Constralnts for r ealisation (%) 

Time of realisation of thc research and 
development levels (%) 
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'i'i 
" .~ " - .~ " .~ 6 

" " il ~ ~ 
.9 o 8. ] u 

• .~ ~ E ~ 
§ :; il Topic l .g " " " E 

" .9 ~ " Z '" 0 
" 0 

il 0 u > , 
.~ " • g" " " " • [ " B E .5 ~ " S 0 .§ " " ~ j , 

"' ~ '" 
• ';5 ';5 ~ , 3 " .8~ ~ 6 " .§ ';5 .~ 

" lii . 
~ f 

0 
> "' " ." i'! ff > 

< t; " il. ~~ '" lii .g ~ " " 3 ~ "' E 
0 • ~ 

.~ ~ • 0 
~ ~ ~ ~ .!!' ;; .§ • .5 .5 E , .5 .5 => :; 0 0 <l .5 

Elucidation of thc bchaviour of microorganisms in the biosystem and 
31 97 practical usc of gcnctically cnginccrcd microorganisms rclcascd into 73 1996 1999 2005 77 47 20 24 6 14 73 35 8 2 0 12 

environments. 

Establishment of an eval uation system for man-made microorganisms which 

8/ 48 are created by biolcchnologies incJuding gene manipulation in open systems, 62 1999 2004 2010 82 33 6 8 11 17 47 22 6 3 0 25 
and utilization of organ i~ms useru! for purifying the environment. 

91 12 
Praclical use of weed conlrol technologies utilizing lhe charactcristics of 

76 1996 2000 2004 72 15 5 18 5 45 45 8 18 8 3 13 
physiologically active substanccs or olher organisms. 

7 / 28 
Practical use of lechnology for the safe disposal of highly radioactive solid 

waste. 
91 2001 2004 2008 89 11 9 33 28 46 40 36 19 1 1 6 

Practical use o( composite systems capable of garbage disposal based on the 
11 50 high-tcmpcraturc methane (enncntation Icchnology and ofwaste combustion 85 1998 2002 2004 56 0 3 17 42 50 33 11 31 0 0 6 

disposal. 

Completion of an inlernationally unified s tandard for environmental 
81 31 infonnation which is bascd on worldwide monitoring ofpollutants (air, water. 79 2001 2005 2010 97 36 8 14 8 18 32 14 26 32 0 16 

etc.) and satelli te communications. 



Widespread use of designing, producing, collecting and recycling systems 

10/ 28 
which make il possiblc to rceycle most uscd materials through lcgally 

94 1998 2001 2003 77 2 6 4 66 54 3. 4 58 16 • I. 
establishing manufacturcrs' rcsponsibilities for collcctioo and disposal of 

disuscd products. 

Possibility of creating marine species that are highly rcsis tant to watcr 
9/46 temperaturc changes und discases by cdI fusion, gcne manipulation and other 26 1999 2006 2010 58 12 18 12 • 41 2. 24 6 12 6 6 

similar technologies so that they arc advantagoous for brecding. 

71 27 Practieal usc of reusing tcchnology oflow-lcvel radioactive wastes. 60 2004 2008 2013 76 7 6 26 16 55 2. l3 3. 3 I 12 

3/25 
Dcvelopment of teehnologies for developing germinal stern cells (germinal 

61 199. 2004 2017 68 l4 3 24 I. 4. 27 24 8 8 • 8 
eells in the very early stage) to individuals by themselves. 

Widcspread use of systems for gathering information of all kinds, (e.g., 

12/ 29 mctcoralogieaI, environment monitoring, raad traffie contral) from a dense 7. 2000 2003 2007 92 36 II 5 7 34 27 9 43 25 • • nationwide networks of telemeters by mcans of intcrsatcllitc 
communications intc(!fatiot' t'oomoblle and t'oostationarv satel\ite. 

ISI: Gennan Delphi (basic data: BMr11993) 



Annex TabJe 7: 14 topics wilh highesl r"nking of assumed problems for realisation due 10 development costs 

International comparison 
Constr aints for realisation (%) 

Time of realisation of the research and 
dcvelopment levels (%) 

2 choices 
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7 I 15 Widespread use ofsolar cells for residenti al power supply, 60 2002 2006 2011 39 !5 2 1 13 37 22 11 7 8. 18 1 1 

W idespread use of continuous observation by using automatie floa ting 
51 16 observation boxes which move with the dccp currents from the Antarclie 70 1996 2001 2001 9 1 25 13 31 6 38 0 0 81 13 0 0 

Oeean 10 the norihern hemisphere. 

71 16 
Practical use of innovative passive solar hauses whieh effeetively use nalura! 

78 1998 2001 2001 30 9 5 25 42 11 25 9 79 25 2 2 
encrgy. 

Developmcnl of Temolc scnsing Icchnology using sea boltom s tations that 

51 12 monitor lemperaturc, current dircction and speed, salinilY, oxygen 68 1999 2003 2007 65 JJ 14 19 19 57 0 0 7. 14 0 5 
coneentration, and oUler parameters al all deplhs. 

161 13 
Widespread use of hausehold Irash boxes capable of automatically sort ing 

52 2003 2008 2014 35 0 3 3 35 44 9 0 71 12 0 3 
rcfuse for easy carrying of 100 sorted rd use. 

61 32 
Widespread use of technologies for removing wider range of pollutanls than 

97 2005 2008 2012 77 7 11 0 37 44 4 11 70 37 4 4 
such ordinary pollutanls 115 BOD substanees in 100 treatmenl of waste wateT. 

._-



Widesprcad use (e.g. globally more Ihan 10%) of automobiles as urban 

8/4. traosportat ion system (e.g. elec trical automobi les) whieh do not cause 7 1 2003 2007 2014 60 " 23 12 " 40 8 8 6. 12 2 4 
convent ional atmosphcric or noise pollution. 

Q,;velopmcnt of safe, economically fcasiblc tcchnology for 

5/ 24 
removaVdcloxification of sea-bottom sludge, cnabling widcspread usc of 

7. ' .99 2003 2007 62 13 13 20 7 67 7 0 67 13 0 13 
decontaminalionlrccovery o( fishery grounds (already employed al spccific 

locations expcrimellially). 

16/ 14 
Widesprcad usc of recycling systems (or fabnes and apparcl, food packaging 

85 1997 1999 2003 37 0 0 0 ,. 37 12 
" 

67 • 2 0 
materials, and olher home materials. 

Reduction of Ihe noise of large fre ighl vehicles 10 Ihe noise level of the 
14 1 25 CUrTCOI regular passcnger cars primarily through improvcd engines, " 2000 2004 2008 57 3 0 " 50 66 5 0 66 0 0 " Iransmissions, mumers and lires. 

11 70 Widesprcad use ofnew alloys ulilizing Ihe principlc ofmechanical alloying. " 1997 2000 2003 46 20 13 8 20 65 3 0 63 8 0 5 I 

Inauguration of long-tenn inlegratcd observation for lhe invesligation 
5 / 21 mechanisms or coral reer as growth usefut for carbon dioxide fixation by 25 1998 2004 2013 38 6 6 

" 
13 50 0 0 63 6 0 6 

installing targe-seale artificial reefs. 

Widespread :lnd general usc o f biodegradable packing materials Ihal can bc 
./ 69 decompose<l nalura tly to harmtcss subslances by microorganisms. enzymes 0 '7 1998 2001 2001 78 8 3 5 23 33 5 13 63 0 0 10 

the like. 

161 10 
Practical usc of technologies thai wiU eliminnte NOll , and other potlutants 

'5 2003 2008 2012 88 13 13 5 34 61 0 5 63 18 0 5 
thai cause loday's air pollution. 

IS1: Gennan Dc\phi (basic data: BMFf 1993) 



Annex Table 8: 10 lOpics with highesl ranking of assumt!d problems because of an insuffi cicnl German R&D system 

International comparison 
Constralnts for realisation (%) 

TIme ofrcalisation of the research and 
development levels (%) 
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6/ 39 
rkvelopmenl of technologies enabling accurate forecast of environmental 

81 2001 200. 20 14 8S I. 3 10 2. 42 3 0 I. l3 3 58 
impacts caused by \'ery small amou nts ofpollutant, 

5/ 22 
Establishment of a comprehcnsivc marine ccosystcm thcory, cnabling 

67 2000 2004 2014 7. I. 5 I. 5 5 0 11 I. 5 11 53 
elucidation of impacts on thc ccosystcm ansing from marine dcvelopmcnt. 

10 , 21 
Dcvclopmcnt of machines which apply the biological cncrgy convcrt ing 

87 2008 2013 2020 74 5 11 0 11 89 0 5 5 11 0 53 
mechanism 10 providc high cnergy convcrting efficiency. 

8 / 23 
Elucidation of impacts excrtcd by marine poUutants upon (he marine 

ecosystem, 
79 2002 2006 2018 77 15 18 15 8 30 0 3 23 25 3 50 

517 
Deve lopment of technologie:> bascd on large-seale numerical nlOdels for 

72 1998 2003 2009 82 33 10 I. 5 43 0 0 2. 5 I. 48 
forccasting changes in the global occans. 

8/ • 
Possibility of accurate forec ast of Ihe sea level rise caused by global 

82 2001 2005 2009 93 30 2 14 18 52 2 5 20 • 2 .8 
warming. 



Incorporation of countennea .. urcs ror han llfu l errecis o f no ise, vibration , 

11/ 28 
and lack of sunshine, ete., base<! on the establish.O'lent of rnethods of 

8. 1998 2001 2004 67 8 4 13 " 13 " 42 17 0 4 46 
assessing lhe related sodal and econornic IOS5 as weil s better 
underslandinJ,! of their Dhvsical and Dsycholo/.!ical cfrects. 

Wide. .. prcad use of Icchniques of urban planning, silvicul ture, and 

11/42 
landscaping through scienti fic elucidation of the rela tionship belwecn 

90 2000 2003 2006 74 " 0 15 JI " 0 4 46 " " 46 
contact with {orests and other plant life in natural settings and physiology 

and psychology. 

8' 11 
Determination of impacts of g lobal warming on thc wholc world 's 

8J 2001 2004 2008 90 2. 2 24 10 43 4 8 27 " 0 43 
agrieu llural production . 

8 f 29 
Elucid ation of impacts excrted by de.<;ertifica lioo upon dirnatc and 

7J 2001 2006 2009 77 13 0 28 3 30 0 3 18 10 0 43 
wcathcr. 

ISI: German Dclphi (basic dala: BMFT 1993) 


