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Introduction

Damage and risks caused by mineral fibres, metal dust and organic chemicals all 
occur in the course of industrial history: lung cancer as the result of inhaling as-
bestos fibres; brain damage and cancer due to solvent vapours at the workplace
and also in chemical cleaning processes; global dispersion and bioaccumulation of
pesticides such as DDT and of industrial chemicals such as PCBs; of heavy metals
such as mercury, lead and cadmium; destruction of the ozone layer due to CFCs as
well as potential risks related to industrial chemicals with hormone-like effects (e.
g. phthalates, TBT1) and the presence of potential carcinogenic acryl amide in 
French fries. 

From the perspective of sustainability, the development of such problems is 
particularly relevant, as they are rather insidious and not immediately apparent,
and may be detected too late and thus no longer be amenable to remedy. In the
field of hazardous substances, this applies to those substances that are persistent 
(i.e. are not or are only very slowly biologically or photo chemically degradable),
are mobile (gaseous, dust-like, soluble in water), and bio-accumulative and can
thus disperse globally and/or accumulate in the biological food chains. Also sub-
stances that, even after a long delay, trigger serious health risks in the case of 
chronic exposure to small doses (e.g. cancer, diminished reproduction capabilities)
should be mentioned here.

The history of endeavours to reduce such risks is just as lengthy as the history
of substance-related risks. In doing so, state regulative practices initially concen-
trated on occupational health and safety, and later also on media-related environ-
mental protection. It was not until chemicals legislation was introduced at the be-
ginning of the 1980s that regulations also directly related to the production and
marketing of hazardous substances. In all three areas of regulation, occupational
health and safety2, environmental protection3 and chemicals regulation4, replace-

1 PCB: polychlorinated biphenyls, TBT: tributyl tin, CFC: chlorofluorocarbons
2 Cf. e.g. the substitution principle in the German Ordinance on Hazardous Substances (§16 

and §36). Please refer to ‘Technical Rules for Hazardous Substances´ TRGS 440 for the 
recommended procedure of substitution.

3 Certain regulations contained in the air legislation and also in the annexes to the Waste 
Water Ordinance include the substitution of hazardous substances as the best available
technology and thus attempt to put into operation the precautionary principle (cf. UBA
texts 88/99, Guidance Manual for Formulators and Other Professional Users of Chemi-
cals).
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ment/substitution of hazardous substances by less dangerous substances is empha-
sised as a key element of risk management. Companies, driven not only by state 
regulation but also by well understood self-interest, were repeatedly faced with the 
question as to whether less dangerous substances could be used in individual ap-
plications.

In actual fact a great deal has also been undertaken in this area in the past. 
Many of the hazardous substances mentioned above have now more or less disap-
peared from the market. Some were banned (e.g. DDT, CFCs, PCBs), their func-
tions now being performed by less hazardous substances. Other hazardous sub-
stances have at least been considerably curtailed in their use with safety 
requirements being imposed (e.g. chlorinated solvents, highly toxic heavy metals). 
This has also led to the reduction of risks emanating from hazardous substances in 
many areas. 

The history of the substitution of hazardous chemicals could be considered a 
success story. If it is examined more closely, however, a range of as yet unre-
solved tasks are still evident (cf. chapter 6). This basically concerns two problem 
areas: the fundamental ability and willingness to substitute hazardous substances 
and the question whether the substitute is actually any less dangerous. 

Considerable inertia in established practices can be observed everywhere, a te-
diousness and resistance to change, against which the substitution of hazardous 
substances has to struggle. Although in many cases the problems of hazardous 
substances are evident to a large extent, and although substitutes are available, in-
deed available for many areas of application, the substitution process is not pro-
gressing. The substitution of asbestos was a typically extremely tedious process 
(cf. chapter 2.2). 

If we consider the process of hazardous substance substitution as an innovative 
process, what we are dealing with here is, firstly, a problem of a lack of willing-
ness to innovate or a lack of the ability to be innovative. Secondly, the uncertainty 
surrounding the direction of innovation also plays a major role. Is the substitute 
substance in fact any less dangerous or does it entail new possibly as yet unknown 
dangers and problems – as was the case with the introduction of CFCs as a pre-
dicted low-risk substitute for ammonia as a refrigerant –? 

The research project ‘Options for viable innovation systems for successful sub-
stitution of hazardous substances’ (or SubChem, for short)5 was concerned with 
the problem of the ability to be innovative and of the direction of innovation with 
regard to risk reduction by hazardous substance substitution as part of the pro-
gramme ‘Framework conditions for innovation towards sustainability’ funded by 

                                                                                                                                    
4 The VOC Directive (EU Directive 1999/13/EC on the limitation of emissions of volatile 

organic compounds due to the use of organic solvents in certain activities and installa-
tions) thus contains an obligation to substitute hazardous substances. 

5 FKZ 07RIW4, for further information cf. http://www.subchem.de. Information on the re-
search program can be consulted at: http://www.riw-netzwerk.de 
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the Federal Ministry for Education and Research (BMBF)’6. The objective of this 
research project was to discover - on the basis of 13 case studies - under which 
framework conditions and in which constellations of actors the substitution of 
hazardous substances is encouraged or is impeded. In particular, this took into ac-
count the specific regulatory systems, the conditions on the markets as well as the 
ongoing public debate, in the course of which a series of substances hit the head-
lines as the so-called ‘contaminant of the month’. 

                                                          
6 The project partners were the Hamburg University of Applied Sciences (HAW), Ökopol – 

Institute for Environmental Strategies GmbH Hamburg and the Co-operation Office of 
the German Trade Unions Ass./Universities of Hamburg 



1 Summary of most important results  

By way of introduction, the most important project results are outlined here. Ini-
tially, the project focuses on the main issues, i.e. the ability to be innovative and 
the direction of innovation, and also on the current reforms in chemicals legisla-
tion taking place at EU level. After that, selected results are highlighted and ex-
plained.

1.1 Aspects of the ability to be innovative  

The attempt to understand the frequently faced tediousness of substitution proc-
esses is firstly directed at individual actors7, their motives and their opportunities 
for influence, and also at the way they utilise these opportunities or, rather, do not 
utilise them. The ‘roles’ of these actors can then immediately be sub-divided into 
promoters and blockers, and an attempt will then be made to explain the success 
or failure of substitution as a consequence of a certain distribution of interests and 
powers. In fact, it always comes down to people who promote or block innova-
tions. This begins with the entrepreneurial personality as illustrated by Schum-
peter, who performs its work of ‘creative destruction’, via ‘entrepreneurs’ who are 
said to be indifferent to occupational health and safety, consumer protection or 
environmental protection, to cultural pessimists and ‘luddites’, who always aimed 
to impede one technology or another. 

With regard to innovation processes the significance and the direct effective-
ness of individual committed promoters or blockers with their individual motives 
such as profit or occupational health and safety, consumer protection or environ-
mental protection should, however, not be overestimated. Although committed 
promoters do play an important part in most substitution processes, a closer look 
at the individual case samples very quickly reveals their structural futility. Com-
plex innovative processes cannot be moved by a limited number of actors or even 
by individuals alone. Many substitution processes simply do not progress, despite 
the fact that we cannot observe any definite ‘opponents’. These innovations are 
not impeded, they only become stuck, as the ‘inertia of the system’ is simply too 
high. In order to gain an appropriate comprehension of the ability (and not just the 
                                                          
7 According to the German word `Akteure´, `actors´ in an innovation system means manu-

factures, importers and users of chemicals (actors in the supply chain, economic actors) 
as well as authorities, science, public interest groups and other participants outside the 
supply chain (cf. Figure 1). 
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willingness) for hazardous substance substitution (the ability to be innovative), we
therefore must not solely look at individual participants in a supply chain, their in-
terests and opportunities for influence. It is more important to have an overall
view of the in some cases highly complex ‘constellations of actors’, including the
‘framework conditions’, which have an either encouraging or preventive effect on 
substitution processes as legislation, competitive conditions and public debates
(cf. Figure 1). This is the reason why a system-theories approach was chosen in 
the SubChem project and the concept and heuristic model of ‘innovation systems’
was used. Overcoming the pure actors’ perspective may contain in itself the risk of
losing the action relevance of the expected results. Nevertheless a differentiated
systems view should improve retroactively the individual actors’ opportunities for 
action considerably. If the participants are able to develop a differentiated ‘system
comprehension’, they can also better exploit their (albeit limited) opportunities for
influence.

politics

press

science

authorities

NGOs

standardi-
sation

insurances,
banks,

stock exchange

Figure 1. Actors in the innovation system: inside and outside the supply chain

1.2 Aspects of direction of innovation 

Misguided substitutions such as the introduction of CFCs as a ‘safe’ substitute for
ammonia as a refrigerant were already mentioned in the introduction. The example
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of CFCs may be an extreme case. But also the case studies examined in the project 
such as ‘the substitution of asbestos by non-bio soluble mineral fibres in construc-
tion uses’ and also ‘the replacement of inflammable hydrocarbons by non-
inflammable chlorinated hydrocarbons in metal cleaning’ are examples of the ex-
isting major problems in orientation with regard to the direction of innovation. 
These uncertainties slow down many substitution processes additionally. Many 
substitution processes are also not developed precisely as there is widespread un-
certainty as to whether the substitute really does help reduce risks. The latter is 
certainly so in the case of plasticisers in PVC products, where incomplete toxico-
logical knowledge was quoted as an argument against substituting DEHP by cit-
rate esters in sensitive applications, and at least partly in the case of resistance 
against the criterion “bio solubility” in the substitution of mineral fibres. The re-
alisation from the case studies that the opponents of an innovation are too prone to 
utilise the (fatal) argument of insufficient knowledge in case of conflict also dem-
onstrates only the tip of the problem from the position of the participants. The 
endless passing on of non-realisable ‘risk or non-dangerous burdens of proof’ is 
doubtless a game that is as futile as it is widespread. The industry’s lack of re-
sponsibility can be denounced or troublesome demands for substitutions can also 
be blocked ad infinitum. Nevertheless, the lack of certainty in orientation in the 
substitution of hazardous substances is not a motivation problem, but rather it is 
the problem of dealing with lack of knowledge, which can only be resolved struc-
turally, in an appropriate way. 

To be precise in many cases we know just as little about the problematic side 
effects and consequential effects of substances that have already been employed as 
we do about the alternatives. In practice, however, comparable uncertainties ap-
pear to have completely different effects. They generally have a greater effect 
against substitution and/or the substitute8. Especially in the case of planned 
changes in common (and possibly highly problematic) practices to date, it is easy 
to highlight the many uncertainties related to innovation. The innovator is gener-
ally faced with the obligation to demonstrate a greater ‘burden of evidence’ than 
parties wishing to leave things as they are. The uncertainties have the structural ef-
fect of discouraging innovation, even if they are not especially ‘exploited’ by par-
ticipants9.

However, the problem of an appropriate way of dealing with incomplete 
knowledge and major uncertainties is not only present in the case of hazardous 
substance substitution. This is a fundamental problem for any innovation. In this 

                                                          
8 Current European chemicals legislation even amplifies this problem. Substances marketed 

in Europe after 1981 (or new substances, as they are called) are subject to high demands 
in respect of (eco)toxicological chemicals testing, while those substances already existing 
on the market at this time (or existing substances, as they are called) may continue to be 
used without any testing. This differentiation is no longer applicable in the run-up to the 
new EU chemicals policy (REACH). 

9 If certain substances are brought into ‘disrepute’ amid great public attention, the reverse 
effect is however sometimes also observed. Based on the principle of ‘anything but this 
substance’, any alternative may gain a structural advantage. 
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respect innovation and risk are inseparably interlinked. Substitution of hazardous 
substances is not fundamentally different from other forms of innovation. Compa-
nies had to learn to deal rationally with the economic risks, which is also just as 
applicable when dealing with technical, health and ecological risks. Knowledge 
about risks and hazards is restricted and incomplete in all these areas. Thus ways 
of dealing appropriately with the remaining uncertainties have to be developed. 

In addition to the general systems inertia already mentioned, the uncertainties 
that always remain in view of all innovations represent significantly ‘more effec-
tive’ barriers to innovation than all positive or negative motives and interests of 
the participants, which could be ascertained in the various case studies. The need 
to focus on innovation systems at supply chain level as well as overcoming system 
inertia and uncertainties and/or lack of knowledge, as fundamental barriers to in-
novation are some of the important findings of the SubChem project10. However, 
this in turn produces new questions.  

1. What does flexibility and/or inertia of innovation systems depend on (the abil-
ity to be innovative)?  

2. What opportunities exist, despite the remaining major uncertainties, to promote 
innovations and/or the substitution of hazardous substances successfully and in 
the appropriate direction (dealing with lack of knowledge, decision on direction 
of innovation)? 

1.3 Model of “innovation systems at supply chain level” 

Comparatively early on in the research process a heuristic model of ‘innovation 
systems on supply chain level of hazardous substance substitution’ was developed 
in co-operation with the two other ‘chemicals projects’11 in the research pro-
gramme. In this model, the supply chain forms the central point and four main in-
fluencing factors affect the system: the regulative pull of application-related legis-
lation in the area of occupational health and safety; environmental protection and 
consumer protection; the regulative push of chemicals legislation (regulations 
governing market entry); the pull of market demand and the push of scien-
tific/technical developments, which continually present new solution options (cf. 
Figure 6, Chapter 3.3.2). 

The SubChem research process took place in a constant process of interaction 
between a deeper analysis of the system and understanding of the system and the 
empirical studies on cases. The cases are neither self-explanatory nor is innovation 
research already so far advanced that hypotheses derived from an established and 
                                                          
10 These findings are not necessarily surprising. They tie in well with the everyday experi-

ence of all ‘innovators’, all ‘entrepreneurs’, who really wish to carry out an entrepreneu-
rial activity, but also all political reformers, revolutionaries etc. 

11 Within the :[riw]-framework three research projects were engaged in issues related to 
chemicals legislation: SubChem, COIN and INNOCHEM (cf. http://www.riw-
netzwerk.de/projekte/riw_00_02_00.htm) 
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recognised set of theories would only require ‘empirical’ verification. In the case 
studies theoretically based hypotheses from the system view could be examined 
empirically in descending abstraction (i.e. deductively) and, conversely, hypothe-
ses about the significance of certain constellations of framework conditions, actors 
and their opportunities for influence were able to be generalised from the case 
studies in ascending abstraction (i.e. inductively). Both abstraction directions can 
only be differentiated as an ideal type; they are always interlinked and they have 
also been passed through iteratively several times in the course of the research 
process. In this way, with regard to the subject “the ability to be innovative”, two 
types of results were developed: on the one hand an improved ‘systemic’ percep-
tion including a differentiated model of the innovation system and, on the other 
hand, a set of hypotheses about the effects (and/or possibilities of effects) of cer-
tain framework conditions and actors. 

1.4 Current developments in chemicals regulation 

If the current regulative framework conditions in the area of hazardous substances 
are examined critically under the aspects of both health and environmental protec-
tion and also with regard to the effects on the ability to be innovative and on the 
direction of innovation, the conclusion may be reached that the current reform of 
EU chemicals legislation in accordance with REACH12 is indeed a step in the right 
direction. The predominant regulation of chemicals’ application conditions, ini-
tially from a historical aspect, (i.e. regulation pull in our model of innovation sys-
tem) suffers greatly from the diversity of the specific situations, with the result 
that there is an excessive deficit in implementation. In this respect, it is entirely 
logical to create a more regulative approach for the marketing of chemicals (i.e. 
regulation push in our model of innovation system) and from this approach also to 
move on to the application conditions (or the various exposure scenarios, respec-
tively). REACH also compensates for some of the current serious structural disad-
vantages of new substances (and/or the trend to prefer existing substances, which 
curbs innovation). The (risk) communication along the supply chain promoted by 
REACH lastly supports the long-overdue re-orientation of innovation systems, 
which are still too branch-specific. The chemical industry had always seen itself as 
a substance manufacturer and had organised itself accordingly. The important in-
novations, which were the reason for the strong competitive position of the Ger-
man chemical industry up to the 1960s and 1970s, were in fact essentially devel-
oped in laboratories13. Frequently at that time a new interesting substance was first 
synthesised, after which the search for possible lucrative areas of application was 

                                                          
12 REACH is an acronym comprising the most important elements of the new chemicals 

legislation at EU level: Registration, Evaluation and Authorisation of CHemicals, cf. 
http://europa.eu.int/comm/enterprise/chemicals/chempol/whitepaper/reach.htm 

13 Cf. Grupp et al 2002, Dominguez-Lacasa et al 2003 
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launched14. The innovation systems were thus arranged in a very horizontal pattern 
(branch-related). Keener competition, saturated and increasingly demand-
dominated markets, but also rapidly growing costs for chemicals development and 
testing however soon required a complete re-orientation. Innovations have to be 
promoted at the latest since the 1980s and 1990s and right from the start in a more 
customer-related way, the innovation systems have to be arranged vertically along 
the supply chain. The communication along the supply chain, required already to 
improve the ability to be innovative, is additionally forced by REACH with regard 
to risk communication. Improved communication along the supply chain will also 
improve the prerequisites for securing brand strategies and for customer-oriented 
and better adapted solutions (customer retention, quality competition). Greater 
demand for risk-related information and/or relevant product qualities could thus 
constitute self-supporting quality competition, in which health and environment-
related qualities are adequately taken into account. 

1.5 Prerequisites for success in hazardous substance 
substitution 

After this demonstration of higher-level correlations, some significant SubChem 
results are now to be presented together with the related recommendations for ac-
tion in the form of highlights. 

1.5.1 Substitution of hazardous substances is an innovation 
process like many others 

The substitution of hazardous substances in products and processes by lower-risk 
alternatives is generally an innovation process just like others too. The substitution 
of hazardous substances shares most features of any innovation, such as uncer-
tainty about its success, overcoming inertia, favourable or unfavourable time 
frames (dependence on investment cycles) or dependence on the commitment of 
individual persons. 

1.5.2 Chemicals innovations concern not only new substances, but 
also new preparations and applications 

The inventory of chemicals available on the European market comprises around 
100,000 substances, of which about 30,000 are marketed in quantities > 1t/a per 
annum. The quantity of new substances registered every year is around 0.3% of 
the inventory of substances. 

                                                          
14 This would then be similar to a typical “technology push” innovation. 
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This low ratio is partly due to the relatively high data requirements for register-
ing new substances (with small tonnages) and also the relatively early point of 
registration in the innovation cycle (before technical trials with customers). 
At the same time, however, development of a new application or new formula-
tion of preparations on the basis of the available inventory of substances are 
important examples of innovation with a high added value in the chemical in-
dustry. In this instance many SMEs are active in developing new recipes or in 
adapting existing ones to specific customer requirements. This means that the 
ability to be innovative in the domain of chemicals cannot be illustrated solely 
by the number of newly registered substances. Or to say it in another way: sim-
plifying notification of New Substances is not the sole and maybe not even the 
essential factor for the ability to be innovative. 

1.5.3 Public and civilian society – combined with intensive 
competition – are powerful driving forces in the innovation 
system 

Various types of markets, in which companies operate (supply-dominated versus 
demand-dominated; Fordist15 mass market versus differentiated quality market) 
have a considerable influence on companies’ opportunities and restrictions for ac-
tion.

The costs for additional product qualities in the environmental and health area 
can thus hardly be passed on in the market for mass products with indus-
trial/commercial customers (construction materials, chemical base substances) 
if need be with latent surplus production, so long as these are individual precur-
sors.
In many cases, however, cost arguments (direct costs per unit) are considerably 
overestimated as far as their significance for the substitution of hazardous sub-
stances is concerned. It is rather the indirect costs (which are decisive for all 
forms of innovation), the expenditure on additional training programmes, the 
need to change operating processes or the amount of investment costs, which 
impede substitution. 
The proximity of the actors in the supply chain (manufacturers, formulators, 
dealers, end users) to the end consumer rather has the effect of encouraging 
substitution. Conversely, in areas that are remote from the consumer, one of the 
essential driving forces for elimination of hazardous substances is frequently 
lacking, i.e. the public and/or consumers’ organisations. A critical public com-
bined with state regulation (which frequently also reacts to public scandals) has 
so far created the most significant impulses for change and the speediest substi-
tution processes in competition-intensive areas. 

                                                          
15 The terms Fordist or Fordism are derived from the mass production and mass consump-

tion market introduced by Henry Ford in the early 1900s. 
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Contaminant scandals or product deficiencies in the broader sense that have 
been the subject of public debate do produce learning effects, which extend far 
beyond the product and company concerned. This means that journalistic inter-
est in the subject of chemicals and comparative testing facilities also are impor-
tant driving forces for innovation. At the same time, it is however also neces-
sary to ensure that the effective instrument of “public opinion” is handled in a 
responsible way. 

1.5.4 Competition is the most important driving force for innovation 
– the demand for quality may create a direction for it 

Competition is the most effective driving force for innovation. In competition-
intensive, quality-differentiated, saturated and demand-dominated markets the 
most important impulses for hazardous substance substitution should originate 
from the customers, both from the end customers and from industrial or commer-
cial chemicals users: 

More intensive communication along the supply chain and better knowledge of 
users’ interests are a recipe for success, not only for hazardous substance sub-
stitution, but also generally for the market position and for innovations in the 
chemical industry. A vital forming option in the chemical products market for 
professional users is to consider dialogue along the supply chains as a chance 
for more customer-oriented innovation. The scheme for the new European 
chemicals policy reinforces these impulses of the globalised market by creating 
a standard mechanism for communication about substance properties and appli-
cation conditions in the supply chains. Potential for economic success can thus 
also be exploited. 
Particularly in industries structured in small enterprises with limited users’ 
know-how and a wide range of chemicals applications, the field service of 
preparations manufacturers or the trade have a central role in conveying prod-
uct information and in advising on applications. In particular the chemicals 
business and the formulators could also expand their business areas to include 
information and consultation services (with the associated customer retention). 
Hazardous substances will (without introducing bans) only disappear from the 
market (and thus from products and articles) to the extent that, firstly, users 
demand aspects of environmental, health and consumer protection as qualities 
and, secondly, secure themselves against scandals involving hazardous sub-
stances by adopting precautionary strategies. The incentives to demand envi-
ronmental and health-related information and to select the most compatible 
product based on that are thus intensified. In this respect “green and safe prod-
ucts” are also more attractive to the commercial user for various reasons. These 
reasons include the following aspects i.a.: 

changes in orientation and wishes of end consumers (more “chemical prod-
uct safety”); 



1.5 Prerequisites for success in hazardous substance substitution   13 

sensitive reactions of share prices to headlines and warnings, and related fur-
ther demands of shareholders with regard to risk protection and manage-
ment;
desire as a company to achieve good benchmarking (especially with regard
to ecological and health objectives);
increasingly corporate-culture-based, proactive styles in environmental and
health issues, frequently also in connection with the uncertainty surrounding
developing legal dynamics;
ongoing public discussion on the subject of chemicals and the influence of
associations (environmental, consumer, trade unions); 
efficiency gains and savings in classic environmental and occupational
health and safety costs, e.g. disposal costs, efficient use of materials, avoid-
ance of complex measures for employee protection.

1.5.5 Harmonised rules are needed for risk communication in the 
market

A more marked acceptance of responsibility by the market actors – such as within 
the future framework of REACH – requires the development of new forms of 
communication and co-operation along the supply chains. If substance-related in-
formation (by substance manufacturers) and user-related information (by prepara-
tions manufacturers and/or users) are not collected in the supply chains, the mar-
ket actors remain dependent on assessments by state bodies.

Figure 2. Communication along supply chains 

Responsible communication in the chains throughout the European market in 
turn requires a common European standard to determine, evaluate, document and
communicate substance risks. This also includes communication concerning
transparent rules of procedure with the aim of giving legitimacy to the substance
assessments and the decisions taken on the basis of them. This is especially impor-
tant where defining and limiting risks has to be “curtailed” for pragmatic reasons
in view of limits to knowledge. The market actors will have to assume themselves



14   1 Summary of most important results

the responsibility for this “curtailment” of substance safety assessments within the 
framework of the REACH system. 

1.5.6 Understanding complex innovation systems improves the 
ability to be innovative 

For joint action in innovation systems and especially also for outlining the frame-
work conditions by the political actors, it is expedient to understand the innovation 
systems. The model developed in the scope of the project serves to create a sys-
tematic link between the framework conditions, the influential factors and the cor-
relations between the participants. The various contributory parties can better as-
sess their own options for influence, existing resistance to new ideas, possible 
coalitions or the significance of market trends, and can approach change processes 
in a more purposeful way as a result of this. 

The constellations of actors in the supply chain may be structured compara-
tively simply and in a linear way, but may also be interlinked and complex. The 
more complex the network of actors and the more extensive the particular innova-
tion (level of innovation) proves to be, the more difficult the innovation process is 
and the more marked either the external impulses or the intrinsic motivations of 
the participants in the chain must be. With regard to the complexity of the innova-
tion system, two basic system types have been deduced into which each of the 13 
case studies contained in the SubChem project can be assigned. As ideal types the 
following differentiations are made: 

comparatively straightforward systems, in which the cause-effect relations can 
be clearly assigned to individual actors and their range of instruments. This 
type includes mostly the case studies of cement, mineral fibres, mould release 
agents, where it is frequently only a matter of substituting a particular substance 
and thus maintaining the technical effectiveness of the product for the commer-
cial user. 
highly complex and dynamic systems, in which only the interaction of a large 
number of participants can produce innovations, which no individual actor 
could have planned or predicted (emergence). This type includes mostly those 
cases, in which

perceptions of future consumer wishes play an important role, 
no clear system leader in the chain can be identified, 
the supply chain is globally interlinked and
the chemical products are integrated in a complex machinery environ-
ment,  

such as is the case with textile auxiliary agents. 

If this approach to type classification is successfully differentiated further, an 
instrument for structuring innovation processes can be developed on the basis of 
it.
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1.5.7 Risk reduction too has to contend with conflicts of objectives 

Hazardous substance substitutions are often pursued not far enough or in a wrong 
direction:

In many cases simply substituting one substance for another is not enough. 
Generally technical innovations must accompany organisational and institu-
tional innovations. The change processes must be organised between the em-
ployees or various departments within a company. Moreover, co-ordination be-
tween various companies is required or a favourable time frame has to be 
adapted. The “new” substance may not hinder combination with other compo-
nents. 
Without simultaneous changes in the product or process design, substituting 
substances is the best solution only in the rarest of cases. This becomes appar-
ent in the cases where the substitute possibly had less known, but by no means 
less dangerous properties, e.g. as the chemical structure had hardly been 
changed with regard to unchallenged requirements for substance properties. 
This is the case for example for some substitutes for PCBs and for man-made 
mineral fibres as a substitute for asbestos. 
Risk avoidance often faces conflicts in objectives. In this way substance inno-
vations for improved fire and explosion protection in the second half of the last 
century also made a major contribution to many environmental and health risks 
discussed today: CFCs, PCB, chlorinated solvents, brominated flame retardants 
and also cutting oils in emulsion form must be mentioned at this point. This 
means that chemical/technical innovation originally aimed to achieve more op-
erational safety. Additional improvements related to environmental or health 
aspects were not taken into account at the time of the innovation. 
Substitution is generally linked with considerable assessment problems. It is 
important to avoid shifting the risks and also to keep track of both the substance 
and energy flows as well as resource consumption under sustainability aspects. 
Examples of such shifts include accident risks in the substitution of chemicals 
for high-pressure facade cleaning, fire risk in the substitution of cooling lubri-
cant emulsions by oils, discharges to water and the increase in contact allergies 
when converting solvent-based or mineral-oil-based systems to water-based 
systems. 

1.5.8 Dealing with the “lack of knowledge” is a key to innovation – 
extended risk management is required 

As long as no agreement can be achieved in public about the limits of ‘burdens of 
evidence’ and/or about the realistic extent or principal limitations of scientific 
knowledge of the effects of chemicals, there will be repeated attempts to prevent 
any type of innovation using the irrefutable claim as to uncertainty and “lack of 
knowledge”. Innovation and risk are, however, inseparably interlinked. Not only 
economic and technical, but also social, health and ecological risks are always 



16   1 Summary of most important results

linked with innovations. What is missing are simple methods of assessment con-
cerning the extent of uncertainties and the extent of possible consequences, i.e. 
where applicable, indications of an extreme ‘level of risk’ (for detecting possibly 
‘intolerable’ or non-accountable risks), and/or risk management which takes into 
account the lack of knowledge in an appropriate way16.

Knowledge of the possible (eco)toxicological effects of chemical substances in 
complex chemical-biological processes is inevitably limited. Neither the avail-
able economic and ecological resources nor the objective of animal protection 
that is rapidly gaining importance at present allow all possible 
(eco)toxicological properties and all possible conditions to be tested using stan-
dard laboratory experiments. This means that the required bases for perception 
and decision-making not only for risk management, but generally for any kind 
of practical action in the development and selection of chemical substances for 
processes and products must be defined and organised so that actors are not 
forced to wait for extensive “toxicological certainties”. 
As risk management cannot be based solely on knowledge of toxicological ef-
fects, strategies for rationally dealing with uncertainties are required. More cer-
tainty in orientation, for example, could be produced by a national chemicals 
strategy, such as that which exists in Sweden or in The Netherlands. In Ger-
many the corresponding quantitative objectives, time targets and guiding prin-
ciples have so far been missing. 
Substitution of hazardous substances is an element of risk management. In this 
context it is among the more demanding options of risk reduction. It is impor-
tant to develop as rational strategies as possible for dealing with the lack of 
knowledge (cf. Sections 1.5.9 and 1.5.10). 

1.5.9 Guiding principles may provide orientation but may also be 
misleading

The direction of the change process and the orientation of the contributory parties 
play a key role in avoiding substance-related risks by substituting hazardous sub-
stances. When developing alternatives, it should be ensured firstly that shifts in 
risks do not take place (including other types of impacts). Secondly, there will al-
ways be uncertainty with regard to assessment related to the limited possibilities 
for predicting effects on ecosystems and effects on the human organism. 

Guiding principles, such as the “recycling management system“ or “natural raw 
materials” for example, had in the past a considerable effect on the innovation 
processes and the public debate in the field of chemicals and/or substance 
economy. It must be presumed that this will remain the case in the future too, 

                                                          
16 A review of those procedures, which were developed in companies to assess and deal 

with economic risks (risk management) reveals ways of applying them to the processes 
for dealing with social, health and ecological risks. 
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although the influence of guiding principles is set to increase rather than to de-
cline.
Guiding principles related to substances and techniques may provide orienta-
tion, but only if they contain a reference to the risk. Thus under risk aspects 
generally accepted, positive guiding principles like “natural substances” or 
“water-based products” can thus result in certain risks being underestimated 
(e.g. the human toxicity of natural substances). Conversely, the guiding princi-
ple of “chemistry of short range“ (chemicals with low environmental persis-
tence and transport distance) or “intrinsically safe products” is apparently suffi-
cient to provide orientation for developing and designing substances and 
products and still not to curtail the risk assessment inadmissibly. 
Not least of all it is a matter as to what extent the new product or process qual-
ity can be communicated to potential customers and is approved of or even 
causes “enthusiasm”. Guiding principles can play an important role in this case. 
In addition to the instruments of regulation and economic control, they are 
among the most interesting approaches from the group of ‘informational’ con-
trol instruments (3rd generation). 

1.5.10 Simple rules for risk management are needed 

A vital objective of future European chemicals policy is to avoid uncontrolled 
handling of hazardous substances. Assessment of each individual application on 
the basis of the individual substances involved (as provided for by the current 
regulatory system) is not an apt strategy, as the number of assessment and man-
agement cases that it produces is much too high. Quantitative risk analyses are 
only taken into account in the case of substances with clearly definable effect 
thresholds and controllable application conditions. For 90% of the market actors 
the particular product or application system must possess “intrinsically safe” prop-
erties, as most companies have neither closed systems nor the required skills to 
deal with hazardous substances. 

So, simple management rules are needed to ensure the basic levels of protec-
tion. Examples of such rules could be as follows: 

No application of persistent, mobile and/or bioaccumulable chemicals in open 
systems. Risk reduction by substitution or system shut-down is required. 
No application of CMR substances17 or other highly dangerous substances by 
commercial18 users outside industrial installations, as experience demonstrates 
that the required protective measures are not observed in too many instances. 
Risk reduction by substitution is needed. In the case of closed industrial instal-
lations, especially for chemical synthesis, minimisation of technical emissions 
(without substitution) may be the better strategy. 

                                                          
17 Carcinogenic, mutagenic and reprotoxic substances 
18 For preparations for use in private homes a general ban on use already applies. 
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Substitution strategies must also take into account the users’ situation in an ap-
propriate way and must adapt to simple assessment instruments and to risk man-
agement employing simple rules. An elaborated, differentiated and self-
responsible risk management, which has long since been self-evident for the major 
companies in the chemical industry, is an excessive challenge for many commer-
cial companies, which process or use chemicals. Both in the areas of occupational 
health and safety and also in substance-related environmental and consumer pro-
tection comparatively demanding risk management plans are still required; simple 
decision and information instruments (or those graded in accordance with the 
problem dimensions) are still too underdeveloped and are hardly widespread. In-
teresting examples of existing “simple” instruments are the British COSHH Essen-
tials19, the control banding scheme20, the Swedish Observation List21, product 
codes such as the GISCODE for products in the construction industry22 or the 
product classifications used in the TEGEWA system23.

1.5.11 The entire range of opportunities to exert influence by the 
state has to be exploited 

All in all the state framework for determining, assessing and communicating 
chemical-specific risks in the supply chains of the European market has an impor-
tant significance. Localising responsibilities with the market actors at the individ-
ual stages of the supply chain, harmonisation of demands and standardisation of 
instruments are the essential challenges. 

However, exclusively regulation-driven substitution of hazardous substances 
does not work. Approaches based on general regulations, e.g. the substitution 
principle contained in the Ordinance on Hazardous Substances, are unable to take 
action up to the level of small and medium-sized enterprises or crafts users due to 
structure-related deficits in enforcement. This means that additional driving forces 
are needed. However, the legally established obligation of industrial or commer-

                                                          
19 UK Health and Safety Executive: COSSH ESSENTIALS – Easy Steps to Control 

Chemicals; HSG 193; May 1999 
20 Den Umgang mit Gefahrstoffen in Klein- und Mittelbetrieben sicherer gestalten, Work-

shop presented plans for chemicals management at the workplace, October 1999, 
www.baua.de/news/archiv/pm_99/pm83_99.htm

21 Swedish National Chemicals Inspectorate: Observation List – Examples of Substances 
Requiring Particular Attention; second revised edition 1998 

22 Code system for chemicals used in the construction industry, based on the hazardous 
substance information system of the  statutory accident insurance in the construction in-
dustry (GISBAU); cf. Berufsgenossenschaften der Bauwirtschaft: Gefahrstoffe beim 
Bauen, Renovieren und Reinigen; Frankfurt, 2001 

23 Verband der Textilhilfsmittel-, Lederhilfsmittel-, Gerbstoff- und Waschrohstoff-Industrie 
(TEGEWA): voluntary commitment to classify textile auxiliary agents in accordance 
with their waste water relevance; November 1997 
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cial chemicals users to use lower-risk alternatives, if these are available, does ap-
pear to play an important role in individual cases. 

Strategies of successful state intervention could also be as follows: 

Announcement effects or focused campaigns of enforcement agencies: if users 
of hazardous substances have to expect new regulations or the authorities initi-
ate enforcement initiatives, there is a greater market chance for innovative 
products and services. In doing so, it is frequently more a question of creating a 
clearly visible impulse than comprehensive enforcement. 
Qualification of state bodies and other institutions with sovereign duties in such 
a way that they can perform consultative duties, especially with regard to 
SMEs.
Establishment of mechanisms for cost internalisation (liability matters and in-
surance obligations): employers’ liability insurance carriers can indeed affect 
risk management. Coverage against liability claims and linking insurance pro-
tection to minimum standards of risk management (production and product) are 
thus important driving forces for risk-reducing innovations with regard to con-
sumer protection. On the other hand, mechanisms for internalisation in the area 
of chemicals-related environmental costs, which are caused by a continuous 
discharge of hazardous substances from various sources, hardly exist. Examples 
are the additional costs in providing drinking water, in the disposal of sewage 
sludge or in the refurbishment of buildings contaminated by hazardous sub-
stances.
Development and application of a standard for “good assessment practice”: The 
quality of risk assessments and risk management information could become an 
element of competition in the global market. To this end an auditable and inter-
nationally recognised standard is required. 
State institutions may support pilot and reference companies within the scope 
of innovation promotion. They may promote vertical but also horizontal com-
munication (e.g. branch dialogues) and especially provide basic preliminary 
services for small and medium-sized enterprises, such as e.g. free offers of in-
formation about best practices, branch benchmarks or also initiate qualification 
programmes. 
Innovation is also driven by state-backed R&D programmes. A greater align-
ment of research promotion in accordance with guiding principles such as “in-
trinsic safety of products”, “short-range chemistry“ or “sustainable chemistry” 
may give direction to innovation efforts in industry. 



2 Initial situation and analysis of deficits 

2.1 Substitution of hazardous substances – introduction 
and definitions 

Hazards and risks originating in chemicals are not a new phenomenon; they have 
appeared throughout human history right from the start. However, the eco-
nomic/technical significance of ‘chemistry’ in modern industrialised societies is 
new, as is in this context the evolution of hazardous substances in relation to their 
quality (hazardous nature and diversity) and their quantity (volumes processed). 

Some keywords concerning the production and consumption of chemicals24

Since 1930 the quantity of globally produced organic chemicals has 
grown 400-fold. 
In the EINECS inventory, 101,600 different chemicals are registered. 
The EU Member States account for 50% of global chemicals trade, 
with 30% of exports going to non-EU countries. 
The EU foreign trade surplus for chemical products is around 
€ 100,000 million p.a. The value of imports from Asia and Eastern 
Europe is € 16,000 million and growing. 
The number of European chemicals manufacturers is around 23,000 
companies, with 95% of them employing fewer than 250 members of 
staff.
The number of industrial chemicals users in the EU is around 500,000 
companies. 
The number of consumers on the EU market will in future be around 
460 million 

Besides the dangers originating from hazardous substances and the conflicting 
interests of the involved parties, the discussion surrounding chemicals policy is 
also characterised by problems of comprehension, e.g. between corporate practi-
tioners and proponents of regulation theories and/or between experts and the pub-
lic. We thus present some definitions at the start of this chapter, at least for the 
sake of improved terminological clarity: 

                                                          
24 EIA (2003) 
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In terms of chemicals legislation substances are elements or compounds in the 
natural state or obtained by any production process, including any additive nec-
essary to preserve the stability of the products and any impurity from the proc-
ess used. A “substance” (as determined by its CAS or EINECS number) may be 
a desired combination of products from a chemical reaction or a distillation 
fraction (in refinery products) and/or may contain undesired impurities. This 
means that the same “substance” may indeed exhibit different properties.
Hazardous substances are chemical substances with properties that may have 
certain harmful effects on humans and on the environment upon contact or ex-
posure. The risk arises from the degree of hazard presented by the substance 
(including any of its metabolites) as well as the nature and intensity of contact 
(duration, dosage, absorption route, frequency). Hazardous substances in a legal 
sense are chemicals which must be classified as hazardous due to certain prede-
fined criteria and available information or which have been classified as haz-
ardous by official bodies. 
Preparations are mixtures or solutions comprising two or more substances. 
Articles differ from preparations or substances by the fact that they have a spe-
cific form or surface. The function of the product is determined by this form 
(e.g. sheets of floor covering) and less so by the composition of the substance 
(e.g. polymers and additives). 
Substitution generally means that one substance or process is substituted for 
another, for whatever reason (availability, costs, technical requirements). Sub-
stitution of a hazardous substance or product signifies its replacement by less a 
hazardous substance, product or process. In this context the scope ranges from 
simple substitution (i.e. exchanging substances) to risk management as a whole 
(i.e. prevention of hazardous substances, reduction or prevention of exposure, 
etc.).

The objective of the “SubChem” project was to analyse both the current situa-
tion and the framework conditions of hazardous substance substitution and also to 
draw up options for future strategies for action. The time frame being considered 
and the required review of individual case studies was generally limited to ap-
proximately twenty years. 

Many aspects of substitution, its conditions and effects already described in ex-
isting subject literature were confirmed in the course of work on the case studies, 
but this was mostly only in certain cases and without any systematic framework 
for interpretation. This includes the enforcement deficit for application-related 
regulations in small and medium-sized enterprises, the obstructive behaviour of 
powerful associations or the trend towards more public attention with regard to 
substances in consumer products – in comparison with commercially used prepa-
rations or substances. 

However, it was not until the last decade that some framework conditions 
changed significantly. This led to other problems and other attempts at finding so-
lutions than those that were common in the 1970s and 1980s.  
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What framework conditions have changed significantly? 

The regulation spectrum has been extended, especially in the area of environ-
mental protection. In occupational health and safety the substitution of hazardous 
substances at this time became de jure a priority obligation in the area of risk 
management, de facto it remained ineffectual. Since 1981 there has also been an 
obligation to notify new substances with the authorities using a standardised set of 
original data, before placing them on the market for the first time. However, sub-
stances tested before being marketed even today account for less than 5% (in 
terms of number of substances) or 0.1% (in volume terms) of the entire market. 
Around 15 years later approximately 12,000 existing substances (with a produc-
tion/import volume > 10 t/a) together with the data available in industry were 
logged in an inventory within the scope of the European existing substances regu-
lation25 (constitution of IUCLID database). So far less than 1% of this inventory of 
substances has been evaluated systematically and comprehensibly for the authori-
ties and the public. 

Within the scope of the new European chemicals policy (REACH system) a 
new attempt is now being made to reduce the information and assessment deficit 
with regard to the hazardous properties and risks originating from existing chemi-
cals.

The public interest in safe and healthy products or at least products not ham-
pered by scandals is growing. In the area of environmental protection the first 
‘chemicals pioneer period’, which was perceived almost completely positively by 
the public, has long since past and a strict level of regulation – at least for averting 
hazards and also as an initial step to taking precautions against risks – has gener-
ally been established. 

At the same time, economic constraints, growing unemployment and highly in-
tensified international competition may indeed act as barriers for economically not 
entirely assessable substitution projects. Retaining on established procedures, eco-
nomically successful, but in part ecologically problematic existing substances is 
favoured by this. This is the one side. On the other hand, companies in intensive 
competition depend  much more on the basis of and with a good reputation. In 
public all fluctuations and image changes are registered much more quickly. The 
‘vulnerability’ of companies has grown infinitely. In view of fragmented markets 
and shorter product cycles, market success is closely interlinked with the ability to 
make innovation (innovation push). 

2.2 The case of asbestos – introduction to the subject 

Some central and typical aspects of hazardous substance substitution are to be il-
lustrated using a prominent and as yet unfinished example – the substitution of as-
bestos. The absolutely never-ending story of the use, regulation and substitution of 
asbestos is one of the best known ‘cases’ of substitution of all time. 
                                                          
25 Council Regulation (EEC) 793/93 or the Existing Substances Regulation (ESR)
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Have possible warning signals been ignored? 

Asbestos is a natural fibre, which from a purely technical aspect is ideal for a great 
deal of applications, particularly insulation, friction pads such as brakes and cou-
plings, filtration and fire protection. Its physical structure, the length of the fibres 
in combination with their stability and longevity, make asbestos so effective – and 
at the same time so dangerous. This indicates that certain properties such as 
above-average persistence to biological decomposition with corresponding expo-
sure options could – or should – give rise to a fundamental scepticism in evalua-
tion. This is also an important approach for substitution. The composition of some 
of the fibres used as substitutes is as bio soluble as possible – which is meant to be 
both a simple and an ingenious solution. 

Scientific cognition – necessary but ‘inadequate’ by far 

In the 1920s there was already clear medical evidence that work-related contact 
with asbestos is detrimental to health26. Despite this, global asbestos consumption 
continued to grow from approximately 300,000 tons in 1925 to more than 5 mil-
lion tons in 1975. It was not until then that the most dangerous asbestos applica-
tions – e.g. spraying of asbestos cement – were banned and protective measures 
were stepped up. 

‘Looking back in the light of present knowledge, it is impossible not to feel 
that opportunities for discovery and prevention of asbestos disease were badly 
missed.’
Thomas Legge, ex Chief Medical Inspector of Factories, in Industrial maladies, 
1934.
quoted in: Asbestos: from ‘magic’ to malevolent mineral; European Environ-
ment Agency: Late lessons from early warnings: the precautionary principle 
1896-2000, Copenhagen 2001 

The ‘indestructibility’ of asbestos is in this respect a scientific stroke of luck. 
The fibres can still be detected even years later; the combination of the cause ‘as-
bestos’ with the effect ‘mesothelioma’ was thus comparatively simple. Normally 
the correlations between occupational diseases and the use of hazardous sub-
stances are much less evident. 

Sensitive public – high pressure on a small point 

A relatively fast and extensive prohibition regulation, which was suddenly intro-
duced, was greatly promoted in Germany in the 1980s by the fact that in addition 
to employees other groups – considered publicly to be more sensitive – spoke out. 
Although union initiatives, and in particular initiatives by shipyard workers, had 
highlighted the hazards of asbestos on several occasions since the early 1970s, the 
real break-through did not come until studies established that also children in 

                                                          
26 Late lessons from early warnings, EEA (2001) 
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schools and nurseries, teaching staff and the public at large were at risk due to as-
bestos contained in asbestos cement. 

Employees are apparently relatively unsuccessful when mobilising the public 
for their health interests. The phenomenon existing in the labour world of consid-
ering health risks to be a challenge to working life and thus almost to be an ‘en-
hancement of one’s own activity’ has been described in many instances (cf. box). 
The view of ‘what does not kill us will harden us’ is one of the more negative 
framework conditions for substitution. 

The British industrial doctor Lucy Deane wrote the following in 1898 
concerning the behaviour of workers with regard to asbestos: 

“Even when the evil reaches such grave proportions as to be capable of easy 
and tragic proof… there is always a certain proportion of ‘old workers’ – the 
survivors of their mates – who are found in every unhealthy industry and who… 
appear to thrive on their unhealthy calling. In less obvious unhealthy condi-
tions the only convincing proof of actual injury, viz. reliable comparative statis-
tics of mortality, or of health standards, is practically unattainable in the case 
of any given factory, or at any rate with the time and opportunity at present at 
our disposal.” 

in: European Environment Agency: Late lessons from early warnings: the 
precautionary principle 1896-2000, Copenhagen 2001

A decisive factor for the success of substitution was even in this case the ability 
of those concerned to reach and sensitise the entire public, i.e. society at large. 
This frequently happens concerning the level of concern of especially sensitive or 
also prominent groups. The - from a toxicological aspect - ‘ludicrously’ small 
concentration of TBT  contained in the jerseys of a German Football League team, 
which attracted more public attention than reports about the effects on joggers, 
textile workers or textile retailers could ever have done, once again demonstrated 
such effects in an extreme way. 

Globally standardised procedure – no chance? 

Another problem is the extent of regulative measures. On the one hand, the use of 
asbestos is now almost completely banned in the European Union and in many 
other industrialised and economically thriving countries. On the other hand, more 
than 2 million tons of asbestos are extracted and consumed globally every year. A 
uniform ‘global’ hazardous substances policy evidently does not exist yet. 

This may be due to the economic situation in many countries, which extract or 
consume asbestos (catching up on industrialisation). In Germany also there were 
stages of extensive economic primacy, e.g. during reconstruction in the 1950s and 
1960s. During this period of rapid industrial growth asbestos was not an issue. Be-
tween 1940 and 1973 not a single preventive regulation relating to asbestos was 
implemented. However, in ‘modern industrialised nations’ also the direct eco-
nomic interests may become prevalent, resulting in entrenchment on highly dubi-
ous positions – this is the case for asbestos e.g. in Canada. 
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When price dictates the decision to buy 

Asbestos was a relatively economical product for a mass market of commercial 
customers. In other markets better quality also achieves a better market price. This 
quality may also mean for customers being free of hazardous components (tex-
tiles, cosmetics, children’s toys). 

Stable mass markets, as in the case of asbestos or in some of the case studies 
(cf. Chapter 4.2) such as cement or DEHP, are generally less innovative. This is 
especially the case if the product is indeed ‘already existing’, but is technically su-
perior and at the same time economical as the result of established mass produc-
tion.

Avoiding innovation stress 

Also in the case of asbestos a phenomenon regarding those involved became ap-
parent that is also always difficult to comprehend, even for “SubChem”: a low 
ability to be innovative and a high level of entrenchment. The interest in innova-
tion of the actors involved is in most instances overestimated from the outside – 
i.e. within the scope of a scientific examination. The ability to become entrenched 
is however underestimated, with inertia doubtless being a significant barrier. Vol-
untary innovation efforts are considered to be unnecessary additional stress in es-
tablished routines. 

This observation is however not restricted to supposedly conservative factory 
owners, who at best fear liability problems or financial risks. It applies to workers 
and technicians alike, to purchasing department and management, to associations 
and scientific branch institutes as well as to sub-contractors of machinery, compo-
nents and auxiliary equipment, in which the chemicals are used. This conservative 
stance applies not only with regard to environment and health-related innovation, 
but also to innovation in general and it is amplified (and also repeatedly upset) by 
the stress of globalisation and social uncertainty. 

Aftercare instead of precaution 

The phenomenon that the use of hazardous substances was not restricted for a long 
time despite early clear indications as to the risks involved exists not only in the 
case of asbestos, but also in the case of other substances such as lead, many sol-
vents, CFCs, mercury etc. Only in the period of marked industrial growth (1950s, 
1960s, 1970s) did the use of many of these hazardous substances reach a level that 
led to tangible consequences (e.g. as in the case of CFCs), large-scale contamina-
tions (lead, PCBs) or occasional disasters (in the case of mercury and dioxin). In 
addition, typical delays are observable repeatedly with the result that one or sev-
eral decades can pass between the cause of damage, the corresponding perception 
and the taking of sustainable action. Aspects of such delays include: 

latency until damage becomes visible; 
internal scientific discussion of cause/effect correlations; 
slow leaching into public attention and political sphere; 
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development of processes for systematic measuring or prediction of new types 
of effects; 
assessment of results in the conflict of interests; 
development of alternatives; 
regulative measures with corresponding transition periods. 

Search process involving risks 

By the end of the 1980s more than 3000 substitutes for the various asbestos appli-
cations had already been developed or had generally been adapted from other ap-
plications. For most of these substitute materials and products the level of risk for 
workers and the exposed population is considerably lower. In this respect substitu-
tion was ‘worthwhile’. 

However, at a later stage some of these substitutes have also in turn been identi-
fied as being hazardous, e.g. carcinogenic, with the result that new substitutes had 
to be searched for. At the latest since this example the fear is always present that 
one evil is being replaced with another in the form of the substitute, when one 
hazardous substance is substituted by another that possibly entails new risks. 
There is clearly no complete certainty and security of direction in substitution. As 
in other social areas too, action needs to be taken despite gaps in knowledge. Nei-
ther insisting on ‘complete cognition’ nor exaggerating ‘fundamental deficits in 
knowledge’ is appropriate for this situation. 

And in the case of asbestos, as in other cases, other ‘proponents of precautions 
for risks’ are frequently opposed to further restrictions: associations representing 
the fire brigades have for a long time opposed a ban. 

Externalisations of costs – the state is the re-insurer 

The overall economic costs of the health consequences of asbestos were assigned 
to society at large. The German legal system does not make a clear assignment to 
those responsible for such costs. The costs are high: at present around 1000 work-
ers die in Germany every year as the result of exposure to asbestos; the association 
of commercial and industrial employers’ liability insurance carriers expects 
20,000 deaths by 2020 (cf. figure 3). The overall costs including accident benefits 
will then rise to more than € 10,000 million27.

                                                          
27 Dr. Joachim Breuer, CEO of the association of commercial and industrial statutory acci-

dent insurance, stated in a press release on 17.12.2002: “We do not expect deaths to 
reach their peak until between 2005 and 2015”. Breuer estimates that the overall expendi-
ture of the iability insurance carriers could probably rise to well in excess of € 10,000 
million. By 2020 up to 20,000 deaths in Germany could be due to asbestos. 
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notified cases
accepted cases
new annuities

Figure 3. Industrial diseases caused by asbestos27

The few asbestos-processing plants do not pay for these costs, as they would
presumably only have been able to do so with a very good third-party liability in-
surance, which for its part would have caused the product price to increase
sharply. These costs are paid by the community of user and non-user plants in a
particular industry via the employers’ liability insurance in the construction indus-
try and the employers’ liability insurances in the metal industry).

In many other cases of work-related exposure to hazardous substances, how-
ever, the cause/effect correlations do not permit such unequivocal proof. The
number of acknowledged industrial diseases caused by hazardous substances
should thus be much lower than the number of persons actually affected. Thus, the
risks of compensation are accordingly low for the employers as the contributors to
the employers’ liability insurance schemes.

2.3 New general framework conditions

How do the general framework conditions for the substitution of hazardous
chemicals differ from the conditions under which the case of asbestos was dealt
with? This analysis was so important for the SubChem project because the rele-
vance of the historic case analyses for future substitution processes (cf. Chapter 3) 
had to be assessed.

2.3.1 Perception of environmental and health issues

Three objectives can be identified as higher-level objectives of regulation – both
for chemicals and also with regard to other environmental and health risks (bio-
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hazards, physical risks and risks of radiation) – according to the environmental 
guidelines of the German government in 198628:

a. Averting dangers: Averting imminent environmental or health risks (acci-
dents, known critical exposure or emissions with direct harmful consequences 
in most cases); 

b. Risk precaution: Averting measures for risk prevention and reduction taken in 
the initial stages. Risk precaution thus means also taking into account possible 
damage, “which cannot be excluded only because certain causal relations can 
neither be confirmed nor negated in accordance with the current level of 
knowledge and so no danger exists at this stage, but rather only a suspicion of 
danger or potential for concern.” 

c. Future precaution: Measures for the protection and development of the natural 
basis for life. “Future precautions are best served by developing production 
processes and products, which do not produce substance emissions that are a 
burden to the environment and are detrimental to health or at least avoid 
these as far as possible.”29

These general objectives should form an extensive consensus. There is likewise 
a general consensus that environmental, occupational, health and consumer poli-
cies over the past thirty years have achieved considerable material success in re-
ducing the use of known hazardous substances, also with regard to their loads in 
soil, air, water and products and not least of all with regard to their safe handling 
at the workplace. 

Nevertheless, when analysing the initial situation of the substitution of hazard-
ous substances in 2003, recourse to documentation from the 1980s, the “German 
government’s guidelines for environmental precaution by avoiding and gradually 
reducing hazardous substances” are in fact a stopgap measure and are rather un-
usual. This indicates a lack in updating and specifying of a social guiding principle 
or a “national strategy” – or even better a “European strategy” – for chemicals pol-
icy.

In the course of its 340 pages the German government’s sustainability strategy 
for Germany30 does not mention even once the term “chemicals”, neither in the 
glossary nor in the chapter headings. This national sustainability strategy does not 
contain any future-oriented ideas in relation to chemicals policy. 

The intensity of the discussion concerning the new European chemicals policy, 
involving both industry and NGOs, is in contrast an indication that chemicals pol-
icy continues to have considerable potential for conflict. A consensus between in-
dustrial policy on the one hand and health and environmental policy on the other is 
nowhere to be seen. 

                                                          
28 Guidelines for environmental precaution (1986) 
29 Ahlers, J. et al.: (2001) 
30 German government: Perspektiven für Deutschland: Unsere Strategie für eine nachhalti-

ge Entwicklung (Perspectives for Germany: Our strategy for sustainable development), 
(2002)
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Unlike the discussion on environmental policy in the 1980s, support for a strict 
continuation of environmental and health policy appears rather to have waned. Af-
ter some scandalous ‘classic’ hazards were reduced, actions for precautionary risk 
reduction again appear to be weighted more against the requirements of industrial 
and economic policy. This is also reflected in the fact that the latest initiatives by 
the EU Commission in the area of environmental and chemicals policy were ac-
companied by an intensive discussion of the “correct” method for assessing the 
consequences of legislation. 

Despite acknowledged successes, some outstanding issues still exist regarding 
the actual consequences of exposure to chemicals for humans and the environ-
ment, which have become more pressing: 

Synergy effects: What does it mean that humans and the environment – com-
pared with the 1960s – are today less exposed to known hazardous substances, but 
that the diversity of chemicals contained in consumer products (frequently with an 
inadequate data status) has increased? 

Systemic effects: Are certain more systemic, multifactor health risks (such as 
e.g. allergies, hormone changes, certain types of cancer) favoured? The rise in the 
incidence of allergies in the European population was e.g. one of the main justifi-
cations of the EU Commission for the need to improve chemicals policy. 

2.3.2 Scientific range of instruments  

Progress in analysis as well as in toxicology and ecotoxicology has doubtless also 
contributed to intensifying the public debate concerning the risks relating to haz-
ardous substances. The analytical methods and the range of instruments used in 
the sciences involved in substance and risk assessment have become much more 
differentiated and also more comprehensive. From the metrology aspect alone, 
much more precise substantiation methods have been developed. Further end 
points have been added from the domain of toxicology (e.g. hormone system, 
wildlife); the entire life cycle of a substance can be described on the basis of life 
cycle analyses.

2.3.3 From banning to range of control instruments 

Bans and strict application regulations were still viable options following the as-
bestos debate in the 1970s and 1980s. Today the range of state actions (or govern-
ance) is much more broadly defined. The three classic forms of regulatory poli-
cies-

a) authorising (burden of proof with companies),  
b) regulating the application and  
c) banning (burden of proof with authorities) – are complemented today by 

diverse actions, for which state, semi-state and private institutions fre-
quently co-operate with each other in different ways: 
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Co-operative legislation: In view of the increasing complexity of economic 
processes and technology, legislators have increasingly to rely on economic in-
formation in order to draw up the regulative framework conditions in a practicable 
way. On the other hand, the economy needs state enforced rules in order to facili-
tate fair competition, while at the same time protecting both health and the envi-
ronment. 

Voluntary agreements and voluntary-commitments: In Germany there are 
currently more than 30 voluntary agreements and voluntary commitments by the 
chemical industry trade associations the objective of which is to substitute (i.e. 
phase-out) or reduce certain substances31. Of this figure, approximately 20 agree-
ments relate to such hazardous substances, which are used internally and to this 
extent are relevant for occupational health issues. Such voluntary-commitments 
include, for example, the commitment by the coatings industry not to use certain 
heavy metal compounds in coatings and paints as well as its obligation to reduce 
solvents (1984)32, CFCs in detergents and cleaning agents (1987)33 or the raw ma-
terials exclusion list for printing inks, primers, coatings and overprint varnishes 
(1995)34.

Branch agreements: In addition some limited branch agreements do exist, for 
example for reducing solvents used in offset printing (Bundesverband Druck – 
Federal Association of German Printing Industry, IG Medien – media workers’ 
union, machinery manufacturers, sub-contractors) and also relating to low-
chromate cement (employers’ liability insurance in the construction industry, em-
ployers’ associations, construction industry workers’ union, construction materials 
trade etc.) 

Provision of assessment aids, guidelines and databases: State or public bod-
ies have developed new forms of supporting the application of laws. These include 
primarily electronic database systems or Internet-based applications (GISBAU, 
GISCHEM, GESTIS, MALEG system)35. Other countries are also active in this 
field; the best known example is e-COSHH in Britain. e-COSHH is an internet-
based instrument to enable in particular small and medium-sized enterprises to 
handle chemicals as prescribed by regulations; this instrument also contains pre-
defined solution options for standard operating situations36. On behalf of the Ger-
man Umweltbundesamt (Federal Environment Agency) Ökopol developed a 
“Guidance for the use of environmentally sound substances”37. These guidelines 

                                                          
31 Federal Institute for Occupational Health and safety/Saxony-Anhalt: Voluntary commit-

ments by the associations of the chemical industry, status 15.07.01 
32 Lißner, L: (2000) 
33 http://www.umweltbundesamt.de/uba-info-daten/daten/wasch/anforder.htm#CKW 
34 BDI: www.bdi-online.de 
35 Cf. www.gisbau.de, www.gischem.de, http://www.hvbg.de/d/bia/fac/stoffdb/index.html, 

www.maleg.de
36 Russell, R. M. et al. (1998) 
37 Guidance for the use of environmentally sound substances, for producers and profes-

sional users of chemical products relevant to the aquatic environment (2003), cf. 
http://www.umweltbundesamt.de/umweltvertraegliche-stoffe-e/guidehome.htm 
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offer assistance to small and medium-sized enterprises in interpreting and evaluat-
ing available substance information with the result that various technical options 
can be compared more effectively with regard to their environmental compatibil-
ity. This type of instrument also includes “grey or black lists of substances”, 
which already offer orientation before regulative intervention of the economy: 
Sweden and Denmark thus published lists containing substances that are due to be 
subject to stringent regulations in the foreseeable future (‘List of undesirable sub-
stances’ and ‘Observation list’ respectively)38. Similar lists are also maintained in 
large multinational companies or in certain industrial associations (cf. automotive 
industry39).

Steering charges to reduce undesirable behaviour 

In the field of hazardous substance reduction these instruments, which are known 
from the area of environmental protection, for example in the form of waste water 
charges, have so far not been employed in Germany. In Europe there are some ex-
amples, such as the VOC40 charges in Switzerland for each litre of solvent used, 
the penalty charge on perchloroethylene and pesticides in Norway, or the Danish 
tax on phthalates in soft plastic. Some regulations from the area of waste man-
agement – for example, separate storage and compulsory return of chlorinated sol-
vents – did in fact have a similar effect indirectly by making the use of certain 
substances much more expensive by increasing the costs for waste disposal. 

Labelling (and relevant test prerequisites) 

The labelling of negative or positive characteristics of substances and products 
aims to use market mechanisms to force hazardous substances out of the market 
and to create incentives for more environmentally compatible and health-
compatible products. Caution labels (such as ‘dead fish beside dead tree’ picto-
gram or the skull symbol) and positive signs (‘environment angel’) can give rise to 
substitution, provided that they are backed up by appropriately consistent criteria. 
Private labels, such as Ökotex 100, or marking systems, such as the ARS system 
used by German manufacturers of textile auxiliary agents, or the GISCODE used 
by the employers’ liability insurance carriers in the construction industry apply to 
this kind of summarised positive/negative hazard related information. Finally, the 
future certification of construction products in accordance with the Directive for 
Construction Products41 is also included in this group of instruments. 

                                                          
38 List of undesirable substances 2000, Danish Environmental Protection Agency, DEPA, 

http://www.mst.dk/homepage/
39 E.g. International List of Reportable Substances (ILRS) of the IMDS (International Mate-

rial Data System: www.mdsystem.org 
40 VOC = Volatile Organic Compounds 
41 Council Directive 89/106/EEC of 21 December 1988 on the approximation of laws, regu-

lations and administrative provisions of the Member States relating to construction prod-
ucts (OJ No L 40/12 of 1989-02-11) 
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2.3.4 International integration 

Global chemicals trading and the global organisation of supply chains also require 
harmonisation of the relevant rules for evaluation, communication, documentation 
and limitations on use. Under such conditions, isolated national solutions are 
scarcely feasible, are in most cases legally controversial and are also not practica-
ble. On the other hand, the international contractual system extending beyond the 
EU is tedious and requires national or regional antecedents. Companies operating 
globally can also assume pioneering functions, such as the automotive industry 
with its International Material Data System (IMDS). For all actors, both economic 
actors and national authorities, international integration beyond the supply chains 
represents a huge challenge. 

2.3.5 Substitution has priority – unfortunately not in practice 

With regard to dealing with hazardous substances, a great deal has been achieved 
in the regulative area since the Ordinance on Hazardous Substances came into 
force in 1986. A clear substitution principle was devised in this ordinance: 

§ 16, Para. 2: The employer must check whether substances, preparations or 
products with a lower health risk than those he intends to introduce are available. 
If it is reasonable for him to use such substances, preparations or products and if 
substitution is necessary to protect the life and health of employees, only they may 
be used. 

In the meantime this substitution principle has also been applied in EU legisla-
tion. “Council Directive 98/24/EC of 7th April 1998 on the protection of the health 
and safety of workers from the risks related to chemical agents at work” compul-
sorily provides for substitution as priority action: 

Article 6
(1) The employer shall ensure that the risk from a hazardous chemical agent to the 
health and safety of workers at work is eliminated or reduced to a minimum. 
(2) In applying paragraph 1, substitution shall by preference be undertaken, 
whereby the employer shall avoid the use of a hazardous chemical agent by re-
placing it with a chemical agent or process which, under its condition of use, is 
not hazardous or less hazardous to workers' health and safety, as the case may be. 

In actual fact neither such general regulations (substitution principle), nor pre-
scribed procedures (risk assessment) nor also complex detail regulations (Techni-
cal rules for hazardous substances, TRGS) have caused a major push towards sub-
stitution. On the one hand, the general regulations are considered to be ineffective, 
yet on the other hand the detailed regulations are especially difficult to manage 
and are not so relevant to practical conditions. 
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2.3.6 Enforcement deficits 

Reduction of exposure to hazardous substances as the result of protective meas-
ures is still a primary concern. Technical, organisational or personal protective 
measures are prevalent in occupational health and safety. Technical emissions 
control as end-of-pipe measure is traditionally the principal approach in the area of 
environmental protection. The systematic substitution of hazardous substances be-
ing used as a control measure in company risk management is, however, still of 
secondary importance. Most problems in dealing with hazardous substances arise 
in any case in the many small and medium-sized enterprises that use chemicals 
with inadequate know-how and protective measures, in many cases openly and 
manually42. The same applies to the required management structures for producing 
high-quality safety data sheets in compliance with the legislation and for using this 
information source. Here too the implementation quota in companies is insuffi-
cient43. All in all it can be assumed that around 70% of commercial users of haz-
ardous substances do not (or cannot) observe the statutory requirements of em-
ployee protection44.

This situation does not apply only to Germany. The Health and Safety Execu-
tive quotes specific figures for the UK, which give an idea of application of occu-
pational health and safety legislation there45. In approximately 1.3 million British 
companies chemicals are handled. When questioned, only 16% of these companies 
were able to state the applicable law for handling chemicals or the limit values for 
these substances at the workplace. With regard to the need for protective meas-
ures, these 16% also rely almost entirely on the details contained in the safety data 
sheets.

The (non) observance of complex regulations when dealing with chemicals is a 
known and widespread problem for enterprises in all EU Member States. With re-
gard to the status of health and safety in the context of chemical risks at the work-
place the monitoring study of the European Agency for Health and safety at Work 
states in a laconic way: “There is a need for monitoring compliance with legisla-
tion”46.

By way of reaction to the evident deficit in implementing the differentiated 
chemicals/hazardous substance legislation in Europe, the authorities responsible in 
all EU Member States set up the CLEEN network (Chemical Legislation En-

                                                          
42 Voullaire and Kliemt; BAuA publications series (1995). Hazardous substances in small 

and medium-sized enterprises – Proceedings of the information symposium in Dortmund 
on 7th/ 8th May 1996; BAuA publications series; Tb 75, Dortmund/Berlin 1997 

43 Wriedt, H. et al, 1999 
44 Study by Ministry of Social Affairs of the State of Hesse: Status report and future of 

ASCA – Evaluation of results of 670 corporate studies on the organisation of occupa-
tional health and safety and implementation of occupational health and safety regula-
tions; Wiesbaden, 2000 

45 Topping, M., HSE Health Directorate, UK: 2002
46 European Agency for Health and safety at Work: Monitoring the State of Occupational 

Health and safety in the European Union – Pilot Study, p. 41 
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forcement Network). This network implements projects to identify the shortcom-
ings in application of legislation and to develop measures for improvement. The 
applicable reports are available to the public47.

2.3.7 Many substitution incentives originate from waste and waste 
water legislation 

In the past twenty years many legal provisions have been created to regulate sub-
stance flows (recycling management systems, waste management, electrical and 
automotive recycling). In many instances these laws explicitly contain threshold 
values for certain substances or even ban certain substances. They are thus very 
effective on the use of these substances in production processes. This is also true 
for threshold values of chlorinated compounds in industrial waste, the ban on cer-
tain heavy metals in the automotive industry and substance-related requirements 
for waste water from the textile industry (Annexe 38 of Waste Water Ordi-
nance48).

2.3.8 Markets and brands 

As a result of globalisation and market saturation, competition has intensified con-
siderably and will continue to do so. Production sites where wages are signifi-
cantly lower, including sometimes also lower environmental and social standards, 
impose pressure upon prices and costs. The European manufacturers cannot react 
to this pressure merely with cost-reducing and rationalisation strategies. Gaining 
new market shares and securing existing market shares by quality differentiation 
must also be practiced. Competition purely on the basis of cost would hardly be 
successful. In the final analysis, it is important to gain the upper hand not only on 
the basis of price competition, but also on the basis of quality competition with the 
other industrialised nations. With comparable technical qualities and comparable 
prices, the sales-relevant qualities can indeed also include health-related and envi-
ronment-related aspects of product and process planning. 

It is important to offer customers a direction in the variety of competing prod-
ucts in order to retain customers’ loyalty to the company. Brand strategies have 
thus gained huge importance for sales success in consumer-near areas. Brand 
names are, however, more sensitive to factors threatening their image than no-
name products are. Brand names are thus also “sensitive” to environmental and 
health ‘reproaches’. This was not yet the case for asbestos producers in the 1970s, 
as their names were unknown outside specialised groups. However, most consum-

                                                          
47 NONS (1996), EUREX (1999), EuroCad (2001), SENSE (1998), SENSE (1999), 

ECLIPS (2004) 
48 Ordinance on requirements for discharging waste water in waterways – Waste Water Or-

dinance, 15th October 2002
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ers are familiar with the names of international brand textile producers, chemicals 
companies or automotive groups. 

The economic framework conditions for hazardous substance substitution have 
thus also changed considerably in the course of the past twenty years. Many com-
modities are produced today in globally organised supply chains; the origin, qual-
ity and application conditions of process chemicals and product components is 
complex. Developing appropriate management systems for product quality and 
product safety requires considerable organisational innovation by the companies 
involved. 

2.3.9 Innovation 

The outsourcing of BAYER Chemicals (today LANCESS) from the BAYER 
Group in early 2004 may be interpreted as an expression of innovation expecta-
tions and thus yield expectations by the company management: with a wide range 
of organic specialities competitive margins on the capital markets can no longer be 
obtained. Instead, the innovation efforts focus on “Life Science”, “Crop Science”
or “Material Science”.

The domain of the German chemical industry, on the basis of major combined 
production sites and fully integrated synthesis chains to supply chemicals to the 
industry is being superseded by increasing specialisation and concentration on cer-
tain product and demand segments. In addition, e.g. organic dyes and certain 
pharmaceutical preliminary products are now being produced in Asia considerably 
cheaper yet in adequate qualities with the result that imports to the EU are also in-
creasing.

One indication of innovative activities of the chemical industry is the develop-
ment of patents. The proportion of organic chemicals in the entire patent history of 
chemicals was around 10% in 1920 and reached its maximum of around 40% by 
the end of the 1970s. Since then the proportion of organic-synthetic chemicals in 
innovation history in Germany is declining again. The relative significance of 
other areas, such as e.g. pharmaceuticals, biochemistry and materials research is 
growing accordingly49.

Since 1981 around 3000 new substances have been registered in Europe, yet 
have rarely reached significant market volumes. Every year around 300 new sub-
stances are notified. According to the new substances statistics of the European 
Chemicals Bureau so far only 0.6% of substances have a market volume in excess 
of 1000 t/a. and a further 2.9% have reached a market volume of between 100 and 
1000 t/a.50. Most new substances are specialities, mainly in the areas of semi-
finished goods for synthesis, process regulators, dyes and photographic chemi-
cals51.

                                                          
49 Grupp et al. (2002) 
50 http://ecb.jrc.it/new-chemicals/ 
51 Substances to be evaluated in accordance with the biocide directive as per a comparable 

process since 2003 are not dealt with here. 



2.3 New general framework conditions  37 

Most innovations appear to concentrate on more efficient manufacturing proc-
esses, new formulations (preparation innovation) and the transfer of preparations 
to other areas of application (application innovation). 

Innovations in process technology did play a key role in the past. In this way 
many substances can be produced with a higher yield and a lower energy con-
sumption today.
The same applies for preparations, i.e. the combination of various substances in 
a product with a certain technical performance. In this field a high level of in-
novation dynamics still appears to be prevalent. To what extent these are ‘mere’ 
optimisations by maintaining and modifying the recipes or are really new prod-
ucts, with an innovative technical performance, is difficult to determine.

An essential ingredient in the innovation history in the area of chemicals is, 
however, doubtless the development of recipes for preparations and their specific 
adaptation to the requirements of fast-moving manufacturing processes, for exam-
ple in the automotive, electronics, printing and paper industries. This occurs 
mainly on the basis of the existing inventory of primary materials.  

Concerning the ability to be innovative, however, possibly innovation-
inhibiting effects of state chemicals regulation were and still are discussed criti-
cally on repeated occasions. For example, Fleischer (2000) and his team compare 
the registration of new substances in the USA with the rate of new substance reg-
istrations in Europe over the past 20 years. On the basis of this indicator they 
come to the view that the registration system in the USA produced more new sub-
stances by 1999 (i.e. is more supportive of innovations) than the European regis-
tration system is52. Nordbeck and Faust53, however, rightly point out that the dif-
ferences in the registration rates over the past 10 years have declined considerably, 
which may be related to the fact that the European register of existing substances 
(100,000 substances) in 1980 was almost twice as large as the US register of exist-
ing substances (62,000 substances). The consequence is as follows: The “inven-
tory of substances” that did not need to be registered in Europe was larger than in 
the USA, i.e. the ratio of new substances grew more slowly and did not stabilise 
until the second half of the 1990s at a level of 300 per annum. It must still be 
stated that the production or marketing intake (> 10 t/a) in the case of new sub-
stances in the USA is about 1.75 times higher than the registration of new sub-
stances (> 1 t/a) in the EU54. For these figures the question remains unresolved as 
to where substance development itself takes place, whether the US market acts as 
a test market for substances developed in Europe and whether substances pro-
duced (but not marketed) in Europe are first registered for marketing in the USA.  

                                                          
52 Fleischer et al. 2000; 
53 Nordbeck and Faust, 2002 
54 Fleischer, 2002 
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2.3.10 Trade 

The chemicals trade has gained in significance like trade as a whole. Chemicals 
exports have tripled since 1980 (in absolute turnover figures), while imports have 
quadrupled55. Many synthesis processes, which twenty years ago were still a do-
main of German and European industry (e.g. organic pigments), can today be per-
formed in India or in Asia. 

The chemicals trade has gained in significance due to the increasing complexity 
of products in the inter-trade sector also. Companies in the chemicals trade, which 
frequently also have a department manufacturing their own formulations, assume 
a key role between substance manufacturers and SME users. However, the chemi-
cals trade cannot always be identified as such, e.g. the DIY branch which has 
grown substantially since the 1980s sells major volumes of consumer-near chemi-
cals (mineral wool, paints, wood preservatives). 

2.4 Characterisation of the current EU regulatory system 

The criteria and procedural methods for characterising substances with regard to 
their hazardous characteristics and risk characterisation are harmonised in Europe. 
There also exists a common European system for the classification and labelling 
of hazardous substances and for safety data sheets. Officially harmonised classifi-
cations also exist for around 3000 substances. The individual elements of the cur-
rent system as well as its weaknesses are to be explained in the following section. 

Quantitative dimension 

The inventory of substances on the EU market is just over 100,000 substances 
listed in the EINECS register (European Inventory of Existing Chemical Sub-
stances56) and ELINCS register (European List of Notified New Substances57).

According to estimations by the European Commission, of the 100,000 
EINECS substances around 30,000 are manufactured or imported and marketed in 
the EU in annual volumes in excess of one metric ton. Of this figure, around 2500 
substances have a production or import volume exceeding 1000 metric tons per 
annum. For these substances considerably more ecotoxicological and toxicological 
data are available than averaged out at all substances58.

                                                          
55 Verband der Chemischen Industrie (VCI): Chemiewirtschaft in Zahlen 2003, p. 80 
56 Inventory on the EU market 1981, according to information supplied by the chemical in-

dustry. 
57 Marketed as new products since 1981. 
58 Institute for Health and Consumer Protection – European Chemicals Bureau: Public 

Availability of Data on EU High Production Volume Chemicals, 1999. These substances 
are documented in the IUCLID database (International Uniform Chemical Information 
Database). 
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The number of new substances notified in the past twenty years is around 3000; 
every year about 300 substances are now notified. The fraction of substances 
achieving a production volume in excess of 1 metric ton is around 70%. 

Hazardous substances include not only synthetic chemicals, but also some natu-
ral materials such as mineral (dust or fibres) and a range of metals. It is very diffi-
cult to estimate the production volume and distribution of these materials. 

2.4.1 Instruments for substance evaluation and risk information 

The four basic instruments for substance evaluation and hazard information can be 
summarised as follows: 

The classification and labelling of hazardous substances and preparations as per 
a harmonised system has been done in the EU since 1967. Over the past 35 
years this system has been continuously refined; in particular the health effects 
of chronic exposure and the environment-related hazards have been gradually 
integrated. It must however be taken into account that chronic human-toxic ef-
fects can frequently only be researched by means of extensive animal testing, 
which has not been carried out for most substances to date. By international 
comparison the EU has a very extensive list of hazardous substances with har-
monised classification containing around 3000 entries. By 2008 the EU intends 
to introduce the established system to the GHS (Globally Harmonised System) 
within the scope of the UN and adapt it accordingly. 
The harmonised EU safety data sheet is designed to describe systematically the 
hazardous properties of chemicals and to inform users about suitable and effec-
tive risk management measures. For some years this safety data sheet also has 
to state what (eco)toxicological standard effects have not been verified for a 
specific substance. The EU instrument has now been in existence for thirteen 
years, while the corresponding DIN predecessor had already been introduced in 
the 1980s. Nevertheless, many safety data sheets still indicate extensive quality 
shortcomings. 
The systematic evaluation of substance properties and predictable or actual ex-
posure patterns over the entire life-time of a substance within the scope of risk 
assessment is as yet a relatively recent instrument, for which harmonised scien-
tific rules were created in the EU for the first time in 1997 in the form of the 
Technical Guidance Documents (TGD). An essential element in this range of 
instruments is how to deal with shortcomings in knowledge. Wherever informa-
tion is missing, standardised worst-case scenarios are conceived taking into ac-
count appropriate safety factors59. If under these worst-case assumptions a rele-

                                                          
59 Ibid.: The Technical Guidance Document Part I states (page 60): “To decide the reason-

able worst case, all measured data sets and qualifying information gathered for a particu-
lar scenario should be considered. Since the aim is the identification of highly exposed 
workers, the aim is to try to approximate to the 90th percentile values. When the data set 
is small, values near the highest end of the concentration range should be used, to ensure 
that highly exposed workers are represented. In this case, critical evaluation of outliers, 
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vant risk results, the assessment can be refined by collecting data closer to real-
ity or, alternatively, suitable measures for risk management have to be derived. 
In practice this set of rules has so far been applied mainly by official bodies, by 
the applicants for biocide and pesticide authorisations as well as by those regis-
tering new substances. The manufacturers of industrial “existing substances” (= 
EINECS substances) apply a similar set of rules at most when assessing sub-
stances that have been prioritised by the Member States for existing substance 
evaluation. So far no European Guidance Document exists for substance-
related risk analysis at workplaces, as was stipulated by EU Chemical Agents 
Directive 98/24/EC. 
The obligation of each manufacturer or importer to provide a binding data set 
on the chemical-physical and (eco)toxicological properties of substances before 
marketing (fundamental or basic data set) is existing in the EU as an instrument 
since the early 1980s, however it has so far only been applied to new sub-
stances.

System of EU risk assessment 

With its Technical Guidance60 the European Union together with the Member 
States outlined prerequisites for assessing substances (or a “soft law”, as it is 
known).

The outcome of the risk assessment carried out in accordance with this creates 
conclusions in four possible graduations for new substances (in the case of exist-
ing substances three graduations). The essential conclusions concern the need for 
additional information (for example, additional tests) or ascertain that action is 
needed to reduce the risk (cf. original text contained in the following figure 4)61:

                                                                                                                                    
to determine whether or not they should be excluded, becomes essential to avoid an unre-
alistic estimation.” 

60 Institute for Health and Consumer Protection – European Chemicals Bureau: Technical 
Guidance Document on Risk Assessment, European Communities 2003 

61 Ibid., Part 1, p. 10 
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Figure 4. General principle of risk assessment for new substances, existing substances and 
biocides

Assessment of environmental and health risks is based on the dose-response as-
sessment and also on the systematic estimation of the exposure levels along the
various exposure pathways.

To determine the risks for individual substances in the environment, the con-
centration of a substance is determined in the individual environmental compart-
ments – water, soil, air – (on the basis of measurements or calculations). This
measured or calculated concentration (PEC = Predicted Environmental Concentra-
tion) is compared to the concentration at which no detrimental effects on ecosys-
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tems are expected (PNEC = Predicted No Effect Level Concentration). The PNEC 
is ascertained from laboratory tests on individual organisms and appropriate safety 
factors.

To determine the risks in the area of human health (workers, consumers, in-
cluding the absorption of chemicals from the environment) the concentration of a 
substance is ascertained for so-called “end points” in the human body (organs or 
biological systems). The measured or calculated concentration (exposure level) is 
compared with the NOAEL (No Observed Adverse Effect Level). The NOAEL is 
the highest concentration at which no more effect is observed (usually in animal 
testing), i.e. there is no visible or measurable effect. If such a “level” cannot be de-
tected, the LOAEL (Lowest Observed Adverse Effect Level) can be applied in-
stead. This is the value at which the effect first becomes visible or measurable 
with an increasing dose. 

For genotoxic and highly sensitising substances neither a NOAEL nor a 
LOAEL can be derived, as no threshold value for triggering the effect can be de-
termined for these substances. In addition the effects, unlike caustic and irritant ef-
fects, may occur with a considerable time delay. This means that in the case of 
such substances any exposure should be avoided at all, if possible. Furthermore, 
carcinogens cause severe chronic health damage even at very small concentra-
tions. Within the scope of the new European chemicals policy risk assessment 
procedures are suggested for substances with such properties; these procedures 
differ from the standard procedures, which are based on threshold values. Up to 
5% of industrial chemicals found on the market today show these types of proper-
ties and should therefore not be used at all or, if used, only in highly controlled 
‘closed’ applications. 

Persistent and highly bioaccumulative substances are just as difficult a case, al-
beit in a slightly different way. Persistence and high mobility (volatility) combined 
with either fat- or water-solubility and bioaccumulability in any case indicate high 
environment-induced exposure. In this case too it is hardly possible to predict 
what emission loads can lead to health damage in the long term, for example in the 
case of mammals of the sea. Measures for precautionary risk management must 
start here, i.e. reducing or avoiding exposure. 

In reality many of these very hazardous substances occur not only in highly 
controllable applications, but also in working and living environments, in food-
stuffs and in ecosystems, in many cases far from the actual place and time of their 
planned purpose of use. 

New substance assessment 

The main objective of new substance assessment is to ascertain whether objections 
should be raised to marketing of a new chemical. 

Before a new substance is first marketed, the ‘placer on the market’, i.e. manu-
facturer and importer, has to notify it and to present proof that not risk arises from 
the use of this substance. In Germany the Notification Unit of the Federal Institute 
for Occupational Health and safety (FIOSH) receives the relevant data. 
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The scope of data sets to be submitted for registration depends on the marketing 
volume of the substance. If new substances are to be marketed in a quantity > 1 
t/a., test results have to be presented in accordance with a legal catalogue of basic 
data62. In the case of larger quantities additional tests must be presented, in the 
case of smaller quantities more simplified data sets are sufficient63. On the basis of 
the substance data sets those uses must be evaluated, which are intended by or 
known to the manufacturer/importer. 

Existing substance assessment 

The objective of assessing existing substances is to ascertain the risks involved in 
substances that have already been marketed and to reduce these, if necessary. Any 
restrictions on marketing and use that may be required represent a market inter-
vention and therefore have to be substantiated well by the authorities. 

In accordance with EEC ordinance no. 793/93 (existing substances ordinance) 
dated 1993, manufacturers and importers have to submit the available data for 
every substance listed in EINECS to the European Chemicals Bureau (ECB), if 
their production volume or import volume was in excess of 10 t/a in a predefined 
reference period. All in all, the industry has submitted data covering the basic data 
set of European chemicals legislation in only 14% of cases for high-volume exist-
ing substances (2500 substances > 1000 t/a)64. Details concerning exposure were 
even more patchy. 

At the beginning of 1993 the European Commission in collaboration with the 
Member States likewise selected 140 priority substances for a Community as-
sessment programme for existing substances in the EU. Processing these priority 
substances has so far progressed very slowly. In total approximately 45 concluded 
and complete risk assessments (March 2004) exist. 17 of these final risk assess-
ments65 led to the conclusion that risk management measures are required on 
Community level.  This conclusion is backed up by a second process on EU level, 
within the scope of which the required action is set out in specific terms. This 
process is also slow. So far regulative action has been taken only for a few sub-
stances. The overall situation is described by Ahlers et al. as follows66 ”Unlike 
new substances, for which defined, effective data drawn up in accordance with in-
ternationally recognised guidelines are submitted, in most cases a very large, het-
erogeneous (and frequently not standardised) and often contradictory data set ex-
ists for the existing substances being assessed. This forms the basis for forming an 
overall picture of the hazards of the individual environment compartments. In 
many cases essential basic data are also missing.” 

However, it must also be pointed out that the existing substance assessment 
programme has in the meantime resulted in widespread harmonisation of methods 
                                                          
62 Article 7(1) together with Annexe VII A of Directive 67/548/EEC 
63 Article 7(2) together with Annexe VIII Stage 1 or Stage 2 or Article 8 together with An-

nexe VII B, C or D of Directive 67/548/EEC 
64 Allanou, Hansen, van der Bilt, 1999 
65 http://ecb.jrc.it/existing-chemicals/: Existing Substances Regulation – Results
66 Ahlers, J. et al.: 2001 
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between Member States. This is a good basis for making the system more effi-
cient.

Summary of central deficits in the present EU system 

The structural deficits of the present regulatory system can be summarised in five 
points: 

Existing substances and new substances are still being treated differently by 
applicable regulations even 25 years after introduction of the EU chemicals leg-
islation.
Many measures in the areas of employee protection and environmental protec-
tion are not initiated until a substance or a preparation is classified and/or char-
acterised as being hazardous. If existing data are not adequate to assess a sub-
stance, this initially has no consequences. This means that the present system 
leads to completely inappropriate and initially inconsequential gaps in knowl-
edge for existing substances. It rewards the substance manufacturer, who does 
not invest in collecting substance data, structurally. 
For more than 95% of substances on the market the responsibility for the risk 
assessment of substances is with the authorities and not with the substance 
manufacturers. 
The duty of substance consumers to carry out risk assessments for employee 
protection is generally not applied on the basis of the present range of instru-
ments. 
The attempt to carry out risk assessment on a scientific basis has resulted in the 
systematic separation of risk assessment and practical risk management. An 
undesirable effect of this strict separation is the fact that the present practice of 
risk assessment does not produce the information that is required for formula-
tion of risk management measures in a goal-oriented way. 
The existing substances ordinance only introduced obligations for substance 
manufacturers to provide information to the authorities, but not for substance 
consumers. This resulted in systematic gaps or practice-remote worst-case sce-
narios in exposure assessment. 

Consequences of structural deficits for substitution 

The comparatively small number of new substances that are marketed and the high 
import ratio of new substances from outside the EU zone (approximately 40%) in-
dicate that the legislative unequal treatment of existing substances and new sub-
stances in the past two decades has had an effect of slowing down substance inno-
vations67. Substances from the inventory of existing substances are mainly used 
for the substitution of hazardous substances, once this has in fact taken place. 

Frequently hazardous substances cannot be compared systematically with the 
available alternatives due to the asymmetric data status. This slows down and pre-
vents substitution processes, or results in incorrect suppositions concerning the 

                                                          
67 Fleischer et al., 2000 
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“safety” of a particular alternative. Consequently entire series of misguided substi-
tution efforts can be produced for the same product type. 

It is notable that the differentiated possibilities for risk identification have com-
paratively little effect on the sale of existing substances on the market, while new 
substances cannot dominate a market, if they already give rise to comparatively 
limited toxicological misgivings when they are brought onto the market. One pos-
sible explanation for this phenomenon is certainly to be found in the economy. 
Developing new substances as an alternative to high-volume (and technically tried 
and tested) existing substances is only economically viable, if the existing sub-
stance is under marked and stable image pressure (as the result of assumed or ac-
tual risks) and pilot markets willing to pay exist, which pay the significantly 
higher price for the small-volume, new developed alternative. 



3 Approach to research and procedure  

Substituting hazardous substances by other substances is a self-evident strategy to 
reduce risks or already measurable damage caused by chemicals. The case of as-
bestos not only illustrates the fact that many more prerequisites have to be met for 
substitution actually to take place. The scientific partners of the SubChem team, 
comprising members from the Hamburg University of Applied Sciences (HAW), 
the University of Bremen (Department Production Engineering), the Ökopol-
Institute in Hamburg and the Co-operation Centre in Hamburg68, are aware of sev-
eral examples of successful and also of extremely tough or even failed substitution 
processes as a result of their lengthy experience in the fields of environmental and 
employee protection. 

On the basis of this experience, for the one part, and the results of innovation 
research driven by occupational health and safety and environmental protection to 
date, for the other part, the research tactic was developed to examine the driving 
forces and the restrictive factors as well as the appropriate framework conditions 
of substitution processes using case studies with the objective of deducing rec-
ommendations for action for present and future substitution cases. 

The SubChem project was developed in the context of discovered deficits in 
regulating, assessing and dealing with chemicals in Germany and Europe. The 
project work coincided with review of the EU chemicals policy with the result that 
the initial scientific results of SubChem were also able to contribute to the politi-
cal process surrounding the chemicals White Paper and the REACH ordinance. 

3.1 Starting point in innovation research (driven by 
occupational health and safety and environmental 
protection)

Innovations driven by occupational health and safety and environmental protec-
tion possibly differ from other innovations in the objective and direction of inno-
vation. For innovation processes, in which innovations driven by occupational 
health and safety and environmental protection are produced, certain general 
framework conditions and certain constellations of actors may be particularly fa-
vourable. Whether or to what extent the results of general innovation research dif-

                                                          
68 The Co-operation Centre is a division of the research department of the science and re-

search authorities of the City of Hamburg. 
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fer fundamentally from the results of innovation research focused on environ-
mental innovations, however, is and remains an unresolved question. In an initial 
approach it could be assumed that environmental innovations occur not solely or 
not primarily driven by competition and the market. So the important role of state 
measures in environment policy must be stated for the creation of environmental 
innovations also as a result of the BMBF-funded research project ‘Innovative ef-
fects of environmental policy instruments’ (FIU)69. These measures are not solely 
of a regulative nature, but rather also include instruments of the market economy 
(ecological tax reform), the promotion of research and development as well as 
supporting information and moderation measures. In this context the value of ‘an-
nouncement effects’ of state action was also singled out. 

Klemmer et al. make the following conclusion: “Almost all studies reach the 
conclusion that environment innovations are the result of a more complex than 
one-dimensional sample of effects, which is formed by both intrinsic motivations 
and also by state incentives, characterised by numerous feedbacks and is largely 
dependent on the overall social environment: partly dictated by the design of the 
study, it is demonstrated using the example of selected sectors and/or groups of 
actors for the one part, and different environment policy problems for the other 
part, that there is no instrument to be favoured a priori or to be rejected generally 
and that only the interaction of individual motivations, political action and social 
environment leads to environmental innovations (multi-impulse hypothesis)” 
(Klemmer71).

They thus reach the following recommendations for action: “There is a broad 
consensus that it is not or not always the consistent application of individual in-
struments, but rather their choice and application within a certain sample of regu-
lations that are the deciding factors. As a sample of regulations (referring to 
Jänicke 1997) the ‘sum of all calculable rules, procedures and action contexts in a 
subject area of state control’ is understood; this comprises the political-
institutional context for action, the structure of instruments and the style of policy 
upheld in each case. According to these factors a successful, innovation-orientated 
environment policy is characterised by a style of policy, which 

already includes the various groups of actors on the level of objective forming 
and takes into account that changes in the constellations of actors require under 
certain circumstances other actions than those planned, 
chooses appropriate time scales and deals with the planned range of instruments 
in a flexible way, 
demonstrates a certain level of continuity and calculability” (ibid. p. 11271).

Precisely in the last formulations the reception of results of general innovation 
research becomes clear, which consequently also played an important role in de-
signing the questions in the :riw-project. In many ways the ‘Research initiative on 
sustainability and innovation – General framework for innovations for a sustain-
able economy’ (:riw), in the context of which the SubChem project was also pro-
moted, ties in with the findings of FIU and certain findings of general innovation 
                                                          
69 Cf. Klemmer, P.; Lehr, U.; Löbbe, K 1999, Jänicke, M. (1997), p. 111 
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research. These are in particular findings about technological and economic path 
dependencies, i.e. the particular difficulty of changes in the technological path and 
‘basic innovations’ as well as the ‘depreciations’ of fixed and variable capital that 
are always linked with innovations (sunk costs especially with regard to invest-
ments and qualifications). Recommendations for action orientated around win-
dows of opportunity can be deduced from these findings70. Other approaches refer 
to especially favourable market conditions, niche markets and ‘lead markets’, 
which (sometimes also ‘regulatively constituted’) offer particularly favourable 
conditions for development for (environmental) innovations71.

The research approach of SubChem also resorted to a widespread approach of 
general innovation research, i.e. ‘thinking in innovation systems’ (cf. chapter 5). 
The complex web of actors, constellations of actors, general framework conditions 
and influential factors in innovation processes can most appropriately be struc-
tured by a system-theory approach. The constellations of actors directly involved 
in the process act ‘within the system’ and the regulatory push and pull effects and 
market pull effects as well as the science-technology push are part of the general 
framework conditions. By way of addition to this more or less established ‘crown’ 
of general framework conditions, as the project progressed, there were also the 
‘public interest groups affecting this’ as another particularly important influential 
factor.

With regard to the location of innovation systems, however, neither the regional 
nor the national level (national and regional innovation systems) could be applied 
in the SubChem project due to the subject of examination. A branch approach 
(sectoral innovation systems) was also not an appropriate way to approach the 
SubChem project. The innovation systems examined by SubChem are to be found 
over the entire supply chain from natural raw material supply and chemicals pro-
duction to disposal and recycling (innovation systems going beyond supply chains 
and/or product life cycles). 

3.2 Hazardous substance substitution as an innovation 
process

The SubChem project is concerned with preventing and reducing 
(eco)toxicological risks as a function of innovation within the scope of ‘sustain-
able economic activity’. The processes of hazardous substance substitution are at 
the centre of interest72. They are examined as innovation processes, or to be more 
precise, as more or less ‘targeted’ innovation processes committed to ‘environ-
ment’ and ‘health’ values. 

                                                          
70 Cf. in particular the SUSTIME project. 
71 Cf. in particular the LEAD-MARKET project 
72 “Hazardous substance” is used here in accordance with the criteria of German chemicals 

legislation irrespective of the fact whether a legal classification or manufacturer’s classi-
fication exists. 
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As with each innovation process not only technical modifications but also new
production processes and modified product features have to be taken into account. 
Also and especially economic and organisational changes, investments and new
business relations as well as new assessment questions present considerable chal-
lenges for the actors in the innovation system.

As described in the initial situation of innovation research (Chapter 3.1), Sub-
Chem used the system view and examined substitution as an innovation process in 
the innovation system, in which the actors are granted some leeway for action. 
The economic actors, who act within the supply chain, are directly involved in the
process (cf. Figure 5). The political and economic actors outside the supply chain,
who only influence the product flow indirectly, form the general framework con-
ditions, which in turn characterise the actors’ conditions for action within the sup-
ply chain (cf. Figure 1). Public interest groups and non-governmental organisa-
tions operate via the media and the public by assessing and highlighting these
general framework conditions or the products in order to affect the actors’ behav-
iour, e.g. consumer behaviour, in this way.

Figure 5. Actors in the supply chain

The behaviour of the individual actors in the chain is in turn affected by both
internal and external structures and factors. For example employers, employees,
purchasing departments for substance input and waste management for output as
well as the various specialised divisions in companies using chemical products
thus pursue entirely different interests and strategies. A central concern of the
SubChem project was how the interaction of all actors inside and outside the sup-
ply chain can accelerate or hamper innovations. 
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3.3 Procedure used by SubChem 

3.3.1 Research questions 

The research work of SubChem was determined by three higher-ranking ques-
tions:

How can economic, state and public interest groups interact successfully in in-
novation systems (ability to be innovative)? 
How can economic actors achieve greater certainty in orientation avoiding haz-
ardous substances (direction of innovation)? 
How can substitution requirements be integrated in the internal (quality) man-
agement systems of companies and along the supply chain (risk manage-
ment73)? 

In doing so, the first question essentially aims at gaining a better understanding 
of innovations related to hazardous substances in the supply chains in order to 
deduce indications as to how the actors within these innovation systems can 
optimise their efforts to minimise risk. The second and third questions are 
concerned with how the actors in the innovation system can achieve more safety 
with regard to the objective of preventing and reducing chemicals-related 
(eco)toxicological risks. 

These two fundamental questions relating to the ability to be innovative and the 
direction of innovation basically structured the two parallel analytical work 
constituents in the project. On the basis of that, recommendations for action 
should then be formulated. With a better understanding of the ability to be 
innovative it is expected that both the actors in the system can optimse their 
actions, and that the actors outside the system can draw up proposals for 
improving the general framework conditions for innovations to reduce 
environmental and health risks originating from hazardous substances. Concerning 
the second question relating to the certainty in direction, the orientation itself 
changed in the course of the project. The third question was then raised only 
subsequently in this form. Originally improvements in risk assessment and risk 
evaluation were considered with regard to the direction of innovation, not lastly 
also with regard to an extensive sustainability evaluation, which must include 
much more than a ‘classic’ risk estimation and evaluation. In view of the 
fundamental limits to realisations of this project74 – despite many possible 
improvements – the question shifted to risk management, the search for 
‘appropriate forms of dealing with lack of knowledge’. The questions relating to 

                                                          
73 Risk management is understood in a broad sense in this context: i.e. risk prevention or 

risk avoidance, dealing with accepted risks (risk management in a narrower sense) or re-
duction of intolerable risks. 

74 Theoretical views concerning epistemiology and systems theory, ethical arguments 
(animal testing) as well as limited financial, time and human resources are important 
factors as reasons for these fundamental limits to realisation. 
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improvements in risk assessment and evaluation did not become obsolete as a 
result of this. The focus of the project work did, however, shift from the search for 
‘knowledge solutions’ to the search for ‘management solutions’. 

3.3.2 Case studies, hypotheses, model: understanding of 
chemicals-related innovation systems 

Innovation research is far from being able to work on the basis of a widely recog-
nised structure of theories, the elements of which are just to be tested systemati-
cally and empirically. In many areas – and this also still applies to the questions 
that we pursued – it is firstly rather a question of generating and consolidating hy-
potheses about possible correlations and interactions which can be generalised. To 
this end the interplay between empirical case studies and theoretical modelling is 
an appropriate approach to research. The research work of SubChem was thus es-
sentially founded on three elements: a) a preliminary understanding on the basis of 
own experience and former scientific findings, set out in a first set of hypotheses, 
b) a simple ‘model’ of an innovation system integrating the supply chain, c) 13 
empirical case studies on both successful and also (so far) unsuccessful processes 
of hazardous substance substitution. 

An essential prerequisite for processing this comparatively complex ‘setting’ 
was combining the networks of the three research partners within the scope of 
SubChem: university research (technology assessment, innovation research), cor-
porate consulting (lengthy experience in the practical substitution of hazardous 
substances at the workplace), environment policy consulting and substance as-
sessment (White Paper discussion, EU existing substance programme). The fol-
lowing aspects were of particular importance: 

utilisation of the range of risk management instruments from the domain of 
corporate occupational health and safety for environmental protection purposes; 
development of a common language and an integrated understanding of the 
problem between “public health advocates” and “environmental protection ad-
vocates”;
processing of company and intercompany everyday experience (which are fre-
quently reported in an anecdotal way and interspersed with everyday hypothe-
ses) using the analytical range of instruments applied in university research. 

The empirical approach to the analysis of the case studies with particular focus 
on the users of hazardous substances was pursued in order to obtain a more exten-
sive understanding of the practical possibilities and limits of precaution-oriented 
substitution of hazardous substances under the given general framework condi-
tions, in various branches of industry and throughout very differing product lines. 
The whole process, however, did not only aim at making realisations, but also 
making recommendations for actions. Drawing up a ‘system view’ should, for ex-
ample, allow actors in the supply chain to realise their own possibilities for action 
in innovation processes as well as their limits in order to obtain pointers about 
possibilities for influence and instruments, which have possibly been utilised in-
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sufficiently so far. The more the participants are able to adopt such a view of the
‘entire innovation system’, the earlier joint steps for improving the ability to be
innovative should be attainable, i.e. steps towards a new quality of the entire sys-
tem on the basis of individual contributions.

Figure 6. Working process and networking in the SubChem project 

The case studies essentially fulfilled three functions in the SubChem project.
Firstly, they served as a source of realisation; secondly as the background and il-
lustration of hypotheses and type characterisation/modelling of innovation sys-
tems; and thirdly, for legibility to incorporate our results in “narratives about sub-
stances”. The study proceeded on the basis of document analyses and
collaboration with several practice partners in each instance. The cases were se-
lected so that they covered as wide a spectrum of substitution conditions and
product types as possible (cf. Table 1). In this way the cases covered the follow-
ing:

several focal subjects (subjects relating to environmental, employee or con-
sumer protection) were covered;
various competitive conditions (regional/global competition, supply or demand-
dominated markets) were examined;
various market constellations (long/short, regional/global supply chains) were 
considered;
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various users of chemical products (SME or large-scale industry, craftspeople, 
service-providers, DIY users) were consulted and 
both technical and organisational innovations were taken into account. 

An important aspect was also the proximity to consumers. In some of the case 
studies examined (Table 1, with grey background) consumers come into direct 
contact with hazardous ingredients when using chemicals or articles containing 
chemicals. 

Table 1. Summary of 13 SubChem case studies 

Water-based cleaning of metal surfaces 
Biocide-free cooling lubricants and minimum quantity cool-
ing lubrication 

Process auxiliary agents  
in industrial equipment 

Bio-degradable mould release agents from natural raw mate-
rials
Biosoluble, man-made mineral fibres in automotive silencers 
Man-made mineral fibres in automotive catalytic converters 
Alternatives to reproduction-toxic plasticisers in plastics 
Low-solvent automotive coatings 
More environmentally compatible textile auxiliary agents 

Chemical products/ com-
ponents:
industrial usage 

UV-drying inks in packaging printing 
Low-chromate cement 
Biosoluble, man-made mineral fibres for insulation in struc-
tures
Methylene chloride-free stripping agents 

Chemical products: uses 
by craftspeople and DIY 
users

Solvent-free decorative paints made from natural raw materi-
als 

Even at the start of the project a first, preliminary set of realisations (hypothe-
ses) which can be generalised about possible success and failure factors in hazard-
ous substance substitution on the basis of literature and the previous experience of 
the project group was developed. Using the empirical findings from the case stud-
ies, these hypotheses were examined, intensified and supplemented. Individual 
hypotheses or groups of hypotheses were also discussed and treated during the six-
monthly meetings of the SubChem advisory board. We could take advantage of 
the varied experience of the members of the advisory board75 concerning specific 
issues, which was also an effective contribution to quality assurance and result 
transfer. The interaction between case studies, hypotheses, model and advisory 
board meetings is illustrated in Figure 6. 

In the original project plan, after processing all 13 case samples, a more de-
tailed examination of two to three case samples and/or case groups was planned in 
                                                          
75 The SubChem advisory board comprised representatives from associations (VCI, 

TEGEWA, DECHEMA, consumer advice centres, IGBCE), official bodies (FIOSH, 
Federal Environment Agency, Bremen health office), universities (University of Olden-
burg, University of Augsburg, ETH Zurich) and also enterprises (Henkel KG, Volks-
wagen AG). 
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order to obtain more detailed findings about suitable management strategies and 
instruments for integrating hazardous substance substitution and prevention in the 
everyday actions of companies. As the project work progressed, it did however 
become evident that the essential issues concerning the direction of innovation 
could not be resolved solely on company level or by examining individual parts of 
supply chains. The same applies for ways of reinforcing the demander’s position 
(cf. also model in Figure 7: Demand pull). Aspects and instruments beyond single 
case studies were subsequently treated more closely in the advisory board meet-
ings In particular the perspectives of designing substances, processes and products 
oriented by guiding principles-and a wide concept of quality management span-
ning over the supply chain were discussed in two experts’ workshops in autumn 
2002 and 2003 (cf. Chapters 6.3, 6.4 and 6.5). 

Together with the other chemicals-related projects in the :[riw] program 
(INNOCHEM and COIN) an abstract model of the innovation system was drawn 
up according to Hemmelskamp 200076. To obtain a more generalisable under-
standing of chemicals-related innovation systems, the results of the case samples 
and the hypothesis development were also interlinked and abstracted in such a 
way that two basic types of innovation systems were able to be identified and il-
lustrated towards the end of the project. 

The supply chain and its actors lie at the heart of the model (Figure 7), which is 
affected by various “driving forces” (supporting or restricting factors). The sys-
tem’s ability to be innovative can thus be expressed as a constellation of actors 
with their possibilities for influence under certain framework conditions and in 
some cases a “basic atmosphere” of the system77.

                                                          
76 Based on a model by Hemmelskamp et al., 2000  
77 This basic atmosphere of the system is frequently referred to as ‘innovation climate’.



56   3 Approach to research and procedure

Technology push: Demand pull:

Regulative pull

Market forces

Regulative
push

Public politics
Em

issionen

Akteure in der Wertschöpfungskette
Stoffhersteller em

issions

Formulierer

V
erbraucher

Abfallentsorger

Anlagen-
hersteller

Handel

industrielle
Stoffanwender

resources

em
issions

Figure 7. Basic model of innovation system (based on model by Hemmelskamp, 2000) 

The most important driving forces include (in keeping with the results of the
FIU project group78) the regulative push (left-hand red arrow) especially due to
chemicals legislation (regulation related to introduction into market), the regula-
tive pull by statutory environmental and health protection (plant and workplace-
related and/or regulation related to application of products, right-hand red arrow),
as well as the technological push by new substance/technical opportunities and
market demand pull (blue arrows).

Types of innovation were used (substance innovation, product innovation, ap-
plication innovation) and in some instances criteria for determining the level of
innovation (chemical/technical and organisational/institutional, systemic) as a type
feature for innovation systems.

Even if a preliminary understanding of innovation in the field of hazardous
substances or chemicals tends to think initially of substance innovations, i.e. truly
‘new’ substances, as the project work progressed, the importance of developing
new substances in the chemicals market (substance innovations) became clearly
relative. When analysing the case studies, the choice of which had essentially been 
made from their relevance for the subject of substitution, it became evident how 

78 Cf. Klemmer, P./Lehr, U./Löbbe, K. (1999) 
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limited the role of actual “substance innovation” is in the case samples selected by 
us. In actual fact, the case studies are mainly new applications for (existing) sub-
stances already available on the market. None of the case studies was primarily 
concerned with the development of new substances. Some of our original hy-
potheses did, however, actually refer to the differing treatment of existing and new 
substances in legislation. In two of the case studies the aspect of substance innova-
tions could also be examined more closely by expanding the products (or func-
tions) examined. This was possible for the case studies “Alternatives to reproduc-
tion-toxic plasticisers in plastics” by including toys and medical devices and in the 
case of “Textile auxiliary agents” by including textile dyes. 

3.3.3 Guiding principles and management solutions: orientation for 
actors in the innovation system 

Pragmatic and speedy orientation in choosing between various substance/technical 
alternatives is at least equally important to the participants as improving their own 
possibilities for taking action. In too many instances the supposedly ‘safer substi-
tute’ has later proved to be just as problematic or even more problematic. 

Assessment of the direction of innovation has to contend with a whole series of 
fundamental problems, for which possible solutions however already are visible: 

Remaining lack of knowledge and remaining uncertainties even after applying 
scientific methods. One reaction to this is to out the precautionary principle into 
operation. 
The huge demand for resources and the expenditure of time, money, manpower 
(also not forgetting the suffering of laboratory animals) that is involved in the 
assessment procedures. In practice it is not the most sophisticated assessment 
procedures that are required, but rather pragmatic and practicable methods, 
which can produce a preliminary result in a ‘rough and ready’ way. 
In practice emotional driving forces frequently play an important role, as do 
positive or negative prejudices with regard to expectable spectrums of effects of 
certain substance groups. Scientific ‘clarification’ as a counteraction remains 
limited in its effects. It is much more a question of developing forms of com-
prehension and (as far as possible) rational ways of dealing with these emo-
tional driving forces. 
Assessment of ‘finished’ chemicals takes place too late. (Subsequent) substance 
assessment has to be supplemented by guiding principle-oriented development 
of (intrinsically safe) chemicals and/or guiding principle-oriented forms of their 
intrinsically safe use. 

For assessment of the substitution processes documented in the case studies 
with regard to the intended risk reduction (certainty of direction) various assess-
ment approaches and strategies can be applied: 
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Methodically devised and established methods (and criteria) of substance and 
process assessment and evaluation like risk analysis, toxicological and ecotoxi-
cological analyses, life-cycle-analysis and cost-benefit analysis79. But also 
much simpler approaches, which in practice play an important role for assess-
ing formulations and substance properties (e.g. the use of negative and/or posi-
tive lists). 
Criteria and speedy procedures for focussing the assessment on the risks that 
are probably relevant (preliminary processes, screening)80.
Assessment using substance-related guiding principles within the scope of sub-
stance development and substance applications. 
Creation of procedures for assessments, risk discussion and risk management 

knowledge-based, scientific risk management, 
precaution-oriented management against the background of lack of 
knowledge (not yet knowing and unknowability), 
discussion-based risk management (inclusion of social valuations). 

3.3.4 Elements of intervening research? – Realisations and 
influencing against the background of reorganisation of 
European chemicals policy 

Work in the :[riw] program coincided with a far-reaching reform of European 
chemicals policy. This opened up extensive opportunities for not only an analyti-
cal, but also consultative (interventional) accompaniment of this extensive ‘institu-
tional innovation’. For SubChem this was primarily a matter of developing some 
fundamental correlations and founded (qualitative) arguments regarding possible 
ecological, health and economic opportunities and risks arising from the EU 
Commission’s proposals for a new chemicals policy. Contributions for operation-
alisation of the precautionary principle and the economic effects of the REACH 
process to be expected were particularly in demand. 

The:[riw] research program also offered a co-operation network, which had al-
ready been utilisable for this process and will continue to be utilisable beyond the 
scope of the project. It was already apparent at the :[riw] status seminar held in 
Heidelberg in May 2002 that the chemicals-related projects SubChem, 
INNOCHEM and COIN and the questions that they raised can make important 
contributions to the ongoing debate concerning the re-organisation of European 
chemicals policy. This is especially the case for the non-classic regulatory ele-
ments of policies contained in chemicals regulation. If we understand the devel-
opment, manufacture, distribution and application of chemicals as processes 
within the scope of innovation systems, our attention is directed at the significant 
importance given to co-operation, information, communication and learning proc-

                                                          
79 Gleich, Arnim von (1999) 
80 Cf. Risk Commission 2003 



3.3 Procedure used by SubChem  59 

esses along the supply chains, for the one part, and the actions of public interest 
groups and the public, for the other part. 

As the political window of opportunity for institutional innovation in the sys-
tem of chemicals regulation had opened parallel to the project work, linking the 
research project with the ongoing political process was of particular interest for 
those involved in the SubChem project. In doing so, the aim was to make the 
knowledge available in the :[riw] program accessible by participation in work-
shops, enquiries and specialised debates for the parties participating in the regula-
tion process81. Due to the involvement of project members in various forums and 
events in the course of the REACH process and in the Risk Commission (10/2000-
12/2003)80 appointed by the German Environment and Health Ministries, there 
was an extensive interlinking of actors as well as an intensive exchange between 
researchers and politicians. On the other hand, the thematic workshops within the 
scope of SubChem were placed in a conceptual context with the re-organisation of 
European chemicals legislation. The question extending beyond REACH or con-
tinuing on from REACH as to how the economic actors will be able to fulfil the 
responsibility they are assigned or how they can adequately fulfil the role they are 
assigned in risk management was of particular interest. This of course again raises 
the question as to how the state institutions can best support them. In the final 
analysis this came down to the question as to how appropriate ‘learning systems’ 
(for single companies and also inter-company) can be organised (proceduralisa-
tion), as an alternative to fixed predefined rules of behaviour for the actors that are 
worked out in detail (cf. especially the workshop reports “Guiding principles” and 
“Risk management”). 

                                                          
81 The following must be emphasised in particular: involvement in the accompanying group 

of the Environment Ministry and participation in enquiries, conferences and specialised 
debates on the economic effects of the EU Commission’s proposal for reform of Euro-
pean chemicals policy at the DG Enterprise on 21.5.02; subjects at the VCI events on 
16.4.02 and 13.11.02; the UBA specialised debate on 6.2.03 and the BDI specialised de-
bate on 20.2.03 as well as the European Environmental Bureau’s (EEB) conferences in 
Copenhagen on 27/28.9.02 and in Brussels on 31.1/1.2.03. 



4 Case study analysis and development of 
hypotheses 

As described in the previous chapter, the research process applied by the Sub-
Chem project was based on an interaction between hypotheses, case studies, mod-
els and workshops. 

The working hypotheses and the model were consulted in a multi-stage iterative 
working process, for the one part, for interpretation of the 13 case studies and, for 
the other part, were further developed on the basis of findings from the case stud-
ies. In addition, the contributions from the events relating to certain sectional sub-
jects were integrated. 

The procedure and the contribution of the individual elements to the project re-
sults are presented in the following section. 

4.1 Evaluation and documentation of case studies 

Inductive and deductive approach to the processing of case studies 

Evaluation of the case studies is characterised by two courses of abstraction (ab-
straction or generalisation movements), which differ only as concerns their ideal 
type and can then be designated inductively as bottom up and deductively as top 
down. In the case of the ‘inductive bottom up movement’ the ‘generation of hy-
potheses’ is the primary objective. The aim is (as far as it is at all possible) to “let 
the material speak” and to draw conclusions which can be generalised from the 
individual experiences of the particular case studies, in most instances with the aid 
of a more or less refined evaluation grid. 

Starting from the model and the stock of hypotheses, it was possible in the ‘de-
ductive top down movement’, on the other hand, to make more accurate enquiries 
regarding the particular innovation processes in the case studies. As stated, both 
these movements must only be differentiated as ideal types. 

Systematics of documentation 

A structured analysis (evaluation grid) and systematic documentation were espe-
cially important for traceability of the conclusions from the case studies. Both 
were then used in turn as an empirical base for developing the model and for fur-
ther developing the hypotheses (cf. Figure 8). 
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Figure 8. Operation process of model development

As part of the rough structure we examined and documented the case studies
with regard to innovation level, innovation process and innovation direction in ac-
cordance with four main questions:

(a.) What does the innovation consist of? What is new? How extensive is the
transformation (level of innovation82)?

(b.) In which period, along which lines of development and with which high-
lights did the process take place (innovation process)?

(c.) What forces drove the innovation process on? When did each of these forces
have an effect (driving forces, supporting and inhibiting factors and/or gen-
eral framework conditions)?

(d.) What (potential) effects does the innovation have with regard to the envi-
ronment, health, economy and social aspects (direction of innovation)?

On the basis of that, the main issue concerning the practical relevance of our 
examinations was: where and how can political, economic, public interest groups
and other parties affect the innovation process (or change the general framework

82 There is apparently still a complete lack of operationalisable, qualitative and/or initially
quantitative indicators (e.g. in an ordinal scale) to determine the level of innovation. We
made an attempt at defining these (cf. Chapters 4.3 (Hypotheses) and 5.1.1), but did not 
have sufficient time to pursue this matter in more detail.
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conditions) in such a way that the use and especially release of hazardous sub-
stances declines for each unit of usage. 

Information retrieval and data collection (as far as this was possible) was 
mainly carried out by means of interviews and document analyses. The search for 
information and the structuring of documentation for the case studies orientated 
around the sample questions contained in the following. 

(1) Technical advantage/function: What technical (social or aesthetic) function is 
 to be achieved (advantage of examined substance, preparation or process)? 
Summary of existing “devised” (as far as these are known) and “diffused” 
socio-technical options, which perform the desired function. Description of 
how the “hazardous substance” performs this function and what other aspects 
play a role in its application (e.g. process integration, disposal). Brief list of 
options to perform this function that are generally available from a technical 
aspect.

(2) Environment and health-related problems: What do the specific hazardous 
properties of the substance/product/process to be substituted (on the environ-
ment and health) entail? Who is exposed and to what extent, what effective 
risks exist? What measurable damage is known? What substance-specific 
rules exist in the field of environmental protection, occupational safety and 
public health? When were each of these rules introduced? 

(3) Market and actors: Relevant actors (e.g. chemicals manufacturers and down-
stream users, enterprises, R&D, organisations, state, science) and type of 
market (form and intensity of competition, Fordist/quality-differentiated; B2B 
or B2C83 = consumer market, supply or demand dominated)? Who is pre-
dominant (the system leader)? Who performs which role in the chain? What 
business volume is at stake? What are the substance quantities? What about 
imports/exports? What are the market shares of the various solution options? 
What is the relative contribution offered by the particular substance to the 
overall costs of carrying out the function? 

(4) Innovation process: Which stages has the process gone through (time frame)?: 
problem recognition (other starting point), knowledge of risks, obvious im-
pulses (initiated by which actors), highlights; present status of substitution 
process, significance of competing alternatives; development of legislative 
regulations (if they have an impulse effect), if need be windfall gains from 
non environment- or health-motivated innovation processes, offensive co-
operations, offensive marketing. 

                                                          
83 B2B = business to business, B2C= business to consumer 
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(5) Innovation driving forces: Type of innovation impulses (pattern of regulation, 
market factors/competition, public, corporate culture, strong promoters), or-
ganisational aspects (company, inter-company)? What significance did which 
driving force have? Did certain constellations exist on the time axis or be-
tween various actors, which accelerated or slowed down the innovation proc-
ess considerably? 

(6) Direction of innovation (6a): To what extent did certainty of direction exist or 
the market actors in assessing possible solutions (assessment of possible and 
predominant solutions in accordance with environment- and health-related as 
well as economic criteria)? What information and evaluation methods were 
available and for which actors? What was the relation between the available 
knowledge and the remaining uncertainty? 

Direction of innovation (6b): How can the direction of innovation (health, en-
vironment and sustainability) be evaluated from the scientific viewpoint of the 
SubChem research group? Have, for example, the toxic risks been reduced or 
only been shifted? 

(7) Conclusion with regard to stock of hypotheses and model: What are the cen-
tral (prominent) features and findings of the case (especially the type of inno-
vation, interaction of actors in the market, most important influential factors 
and driving forces). Which hypotheses are backed up on the basis of which 
aspects? Which hypotheses are refuted, if applicable? Is further information 
required to be able to back up individual hypotheses or grasp them more accu-
rately? Which additional hypotheses or which changes in existing hypotheses 
are produced from the case? Which hypotheses are irrelevant for the case? 
Are there any indications of required changes in the model? 

It was endeavoured to put into operation the inductive and deductive abstrac-
tion or generalisation movements mentioned at the start with the aid of these 
evaluation strategies in the case studies. This was done, among other reasons, in 
order to formulate generalisable findings (also by means of relational compari-
sons), which would not have been obtained solely from the inductive generalisa-
tion of the case studies. On the basis of that, at least a rough approach for the type 
characterisation of innovative systems was developed. In the final analysis, the 
aim was actually to be able to formulate (very cautious!) expectations (forecasts 
would certainly be too much) about the probable direction of innovation, innova-
tion level and the diffusion rate of innovative solutions in these innovation sys-
tems on the basis of determinable system constellations and identifiable main in-
fluential factors.84

                                                          
84 Even if, from the present standpoint – i.e. after the project was completed – we had ex-

cessive demands with these further abstraction steps (regarding type characterisation and 
justified expectations about the ‘behaviour’ of innovation systems deducible from that), 
the project results concerning hypothesis formation, model development and recommen-
dations for action are indeed entirely presentable. 
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4.2 Summary of thirteen case studies 

In the 13 case studies documented processes and experiences of attempts to substi-
tute hazardous substances in the 1980s and 1990s were examined. The aim of the 
choice of cases was to cover a wide spectrum of substitution conditions: con-
sumer-close and consumer-remote products, product auxiliary materials and proc-
ess auxiliary materials, SMEs and large-scale industry, environment, consumer 
and occupational health and safety subjects, technical and organisational innova-
tions.

The products examined in the case studies can be grouped in accordance with 
the usage context of the chemicals: 

Process auxiliary agents in industrial facilities (are not included in the end 
products) 
Chemical products/components: used in industrial production of commodities 
(are included in the end products) 
Chemical products: used in crafts and by DIY users 

In the following section the aim is first of all to illustrate the link between the 
results of the case study documentation and the hypotheses by means of a more 
detailed description of four selected case studies. These selected case studies rep-
resent examples from all three groups: 

In the case of metal cleaning agents these are process auxiliary agents in in-
dustrial facilities. Industrial users and manufacturers are the main actors in the 
substitution process. 

After use textile auxiliary agents remain either on the fibre (dyes, optical 
brighteners, finishing plasticisers) or serve exclusively as a process auxiliary ma-
terial (tensides, dispersing agents) and are disposed of in waste water. This means 
that textile auxiliary materials are relevant for both consumer protection and also 
the environment. In the case of textile auxiliary agents, which at least partly re-
main in the product, the consumer may experience direct skin exposure. The sub-
ject of the examination is also a simple classification system developed jointly by 
the Association of Textile Auxiliary Agent Manufacturers and textile finishers, 
which facilitates the choice of more environmentally compatible substances in a 
pragmatic way. 

Plasticisers are employed as chemicals in industrial processes, remain in the 
product (soft PVC) and may be released from it during use. 

Chemical products used in crafts include man-made mineral fibres, which are 
used for heat and noise insulation purposes in buildings. In addition to employees 
in the mineral fibre industry and insulation installers, numerous other craftspeople 
(e.g. painters, bricklayers, roofers) and also some DIY users come into contact 
with artificial mineral fibres. 

Representation of the individual case studies follows the documentation system 
described above. The hypotheses already referred to in each conclusion are pre-
sented in the following Chapter 4.3. 
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The higher-level synthesis of findings obtained when processing the case stud-
ies also concerning changes in the set of hypotheses and the model is presented in
the summary of project results contained in Chapters 5, 6 and 7.

4.2.1 Case study “Water-based cleaning of metal surfaces”

(1) Technical advantage/function: Metal surfaces are cleaned before, between
and after individual production stages either manually or automatically in order to 
remove greases and oils as well as other types of contamination. For this purpose
petroleum-based solvents (halogenated and non-halogenated), aqueous-tensidic
cleaning systems, vegetable oil esters as well as other cleaning processes (e.g.
blasting or plasma cleaning) are used.

Figure 9. Ball bearings before and after cleaning (source: Co-operation Centre Hamburg) 

(2) Environment and health-related problems are especially determined by
health risks due to solvents, which result in damage to skin and the central nervous
system (polyneuropathy, encephalopathy) in the case of chronic exposure. Some
solvents are also classified as being carcinogenic (e.g. benzene, trichloroethylene)
or are suspected of being carcinogenic (e.g. perchloroethylene) or reproduction-
toxic (e.g. toluene).

Figure 10. Brochure by IG-Metall85 and hazard labels

85 IG Metall, Stuttgart regional directorate (publisher): Tatort Betrieb – Tückisches Gift Lö-
semittel, Stuttgart 1992 
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Volatile organic compounds (VOC) contribute to the formation of tropospheric
ozone (summer smog). Certain halogenated hydrocarbons (e.g. CFCs) also destroy
the stratospheric ozone layer. Chlorinated solvents are hazardous to water and, if
disposed of incorrectly (e.g. burning), may emit highly toxic substances (e.g. diox-
ins).

But aqueous cleaning agents also contain numerous additives in addition to the
actual, surface-active components (e.g. anti-corrosion agents, anti-foaming agents,
biocides), which make (eco-)toxicological evaluation difficult. Basically, an im-
portant aspect of the environmental hazard of aqueous metal cleaning agents is the
fact that they may contain persistent substances. In addition, surface drying re-
quires more energy than is the case with organic solvents.

(3) Market and actors for metal cleaning agents are very varied with a hetero-
geneous, in some instances very split-up, user structure. A multitude of commer-
cial small-scale users with very differing cleaning tasks and thus varied require-
ments on cleaning agents and also a large supply of various solutions for cleaning
processes mean that the market is not transparent for users. Neither hazardous 
substance information, nor are the price/performance ratio of products transparent
to such an extent that they could justify an informed decision to purchase.

The formulators and the trade thus play a key role in the transfer of information
from the pre-supplier to the commercial end user.

At present around 65% of existing cleaning procedures in Germany function
using aqueous cleaning agents, 25% using CHC cleaners and around 10% using
non-halogenated hydrocarbon cleaners and other procedures.

In the innovation processes (4), which ultimately caused this market ratio, two
key innovation drivers (5) plaid a central role: a) public debates (scandals involv-
ing hazardous substances) b) state regulation (cf. Figure 11).

Figure 11. Innovation process for cleaning agents for metal surfaces (own diagram)
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Between 1950 and 1980 traditionally used flammable “petroleum ethers” were 
increasingly replaced by chlorinated hydrocarbons (CHCs) for reasons for occupa-
tional safety (risk of explosion). At the same time CHCs had in many instances 
better cleaning properties. In the 1980s an intensive public debate surrounding 
“chlorinated chemicals” flared up in Germany caused i.a. by extensive ground wa-
ter pollution due to CHC solvents, emissions from dry-cleaning installations in 
residential areas, burning of CHC waste on the North Sea and the stratospheric 
‘ozone hole’ caused by CFCs. At the same time, an intensive discussion began in 
factories and unions on the subject of nerve damage caused by exposure to sol-
vents at the workplace. A quick succession of interventions in the form of regula-
tory policies meant that within a period of scarcely 10 years (from 1986 to 1996) 
the ratio of CHC-based processes was reduced from 80% to 25%. The quantitative 
CHC solvent consumption even declined by more than 90% as a result of emission 
reduction measures. 

(6a) Direction of innovation from the standpoint of market actors: Water-
based cleaning agents, in comparison to CHC and aromatic cleaning agents, re-
duce the inhalation load at the workplace and reduce waste problems. In this area 
users can act relatively certain of the orientation. Possibly, however, the prejudice 
that “aqueous = not dangerous” led to the fact that people did not concern them-
selves adequately about the possible risks of aqueous cleaning agents for the envi-
ronment and health. Likewise, the potential advantages of low volatile hydrocar-
bon cleaning agents or vegetable-oil esters were hardly perceived adequately. 

(6b) Direction of innovation from the standpoint of the SubChem research 
group: The substitution of CHCs and hydrocarbons reduces the potential for at-
mospheric and ground water-related damage as well as the health burden by inha-
lation at the workplace. There is also no problematic waste, such as chlorinated 
solvent residue. On the other hand, the organic content of water-based cleaning 
agents are frequently disposed of directly or indirectly via the waste water. To 
what extent environmentally hazardous (persistent) substances are emitted can 
rarely be estimated on the basis of the available product information. Similar 
evaluation problems arise from the mostly complex composition of water-based 
cleaning agents regarding the evaluation of possible skin-sensitising effects. 

(7) Conclusion with regard to stock of hypotheses and model: The severe 
decline in consumption of CHC due to optimisation of installation technology (en-
capsulation) and recycling (take back systems) demonstrates that hazardous sol-
vents can also be handled with low risk. In this case substitution represented nei-
ther the only way of reducing risks nor did it necessarily result in more 
environmental compatibility in view of the non-transparent status of information 
relating to water-based cleaning agents (“The substitution of hazardous sub-
stances by less hazardous substances does not always result in optimisation of re-
source efficiency and reduction of toxic risks. For example, water-based chemical 
products being used in an open environment do not generally entail fewer risks 
than oils or solvents used in closed systems” – Hypothesis 15). 

Due to the split up structure of the sector with limited know-how of down-
stream users, the trade plays a key role in user information (“In small structured 
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industries with limited user know-how the trade fundamentally affects the willing-
ness for innovation of the users” – Hypothesis 12). 

Against this background the absence of practice-close evaluation systems pre-
vents environment and health-related quality competition and favours procurement 
decisions taken on the basis of prejudices (“Inadequate evaluation methods and 
lack of qualification of commercial users prevent an “informed” choice of product 
and increase the importance of emotional evaluation elements, e.g. the prejudice 
that “water-based = health and environment-friendly” – Hypothesis 4). 

The innovation was rather of an incremental nature, i.e. along a technology path 
a relatively speedy adaptation of available technologies and chemical functional 
principles followed on from a changed demand. The demand was initiated by a 
public discussion and a close succession of regulative impulses. The manufactur-
ers of cleaning installations and aqueous cleaning agents were given the chance to 
increase market shares and profits (“Higher-level sustainability innovations, e.g. 
the substantial reduction of resource consumption or toxic risks, can be missed 
out as a result of ‘continuous improvement’ in too small stages” – Hypothesis 14). 

4.2.2 Case study “Alternatives to reproduction-toxic plasticisers in 
plastics” 

(1) Technical advantage/function: The case study on plastisols and soft plas-
tic (PVC plus plasticisers) was first of all examined with the focus on car under-
coating (Unterbodenschutz: UBS) in cars. To protect the car body from the impact 
of stones, wet and corrosion the underbody is sprayed with PVC plastisol, as PVC 
has the required flexible properties due to its plasticiser content of around 30%. 
By way of alternative, plastisols made from other plastics or underbody shells 
made from hard plastic can be used. The design of corrosion-free components, e.g. 
made of fibre composits is in the research stage at present. Soft PVC is, however, 
used in many consumer-close areas. Construction products such as roof tracks, 
flooring and vinyl wallpaper, tarpaulins for lorries, medical devices, clothing and 
toys likewise contain high proportions of plasticisers. 
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Figure 12. Plasticisers in PVC products: functions and environment and health-related risks
(own diagram) 

(2) Environment and health-related problems: Risks are feared due to the
use of phthalates as plasticisers, as they are not firmly bound to the PVC matrix
and are released into the environment or into the air during the use and disposal
stages as the result of abrasion and leaching. The prevalent plasticiser DEHP86 is 
reproduction-toxic (classified as repr. Cat. II in accordance with EU Directive 
67/548 since 2001). Phthalates are degraded relatively slowly in the environment
with the result that especially DEHP accumulates in sediments due to the high 
quantities being used and the diffuse release from products. The contribution of
car undercoating to the overall emissions burden of DEHP is around 1.5%. When
the PVC is applied, the plasticisers contained in it may also represent a health risk 
for workers involved in the coating process. PVC itself is, however, also problem-
atic for reasons relating to its disposal, as toxic chlororganic compounds (e.g. di-
oxins) can be formed in incomplete combustion processes. The chlorine content
also restricts the choice of recycling options for the shredder light fraction (SLF)
from automotive recycling. PVC plastisol may thus make it difficult to meet the
recycling quotas stipulated by the Directive 2000/53/EC on end-of life vehicles.

(3) Market and actors: While quite a lot of suppliers still exist on the PVC 
and phthalate markets, there are only three manufacturers of UBS plastisols in
Germany, who are highly specialised in the manufacture of pasty preparations.

86 DEHP = Di(2-ethylhexyl)phthalate
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These companies also develop plastisols on the basis of other plastics, which how-
ever frequently also contain plasticisers. Underbody hard shells, on the other hand,
are offered by other manufacturers. The market price for PVC plasticiser systems
as a whole is characterised by the fact that the polymer (PVC) and the principal
plasticiser (DEHP) are produced in very high volumes (in the EU 15 m. tons of
PVC are produced per annum, with 600,000 tons of DEHP being produced in 
1997) and can be combined flexibly in order to obtain certain technical product
qualities. The longer-chain phthalates DINP and DIDP87 are also high-volume
chemicals (> 100,000 t/a). Soft PVC products are thus generally incomparably
cheap.

(4) Two substitution stages can be identified for the innovation process in the
case of car undercoating: after being classified by the substance manufacturers (in
1994) as reproduction-toxic Cat. III, DEHP was included in the VDA list88 of de-
clarable materials (1995), according to which suppliers are obliged to declare
products containing DEHP accordingly. Plastisol manufacturers replaced DEHP 
within a few months by a mixture of DINP and DIDP, although at that time it was 
uncertain as to whether these phthalates did not have similar toxicological proper-
ties.

Figure 13. Innovation process: substitution of plasticisers and PVC plastisols 

87 DINP = diisononyl phthalate, DIDP = diisodecyl phthalate
88 List of declarable materials in automobile manufacturing – Substances in components 

and construction materials (previously VDA List 232-101),
http://www.mdsystem.com/html/de/home_de.htm
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Pressure for substitution also existed for the material PVC due to the public 
PVC discussion and also indirectly due to the DIRECTIVE 2000/53/EC on end-of 
life vehicles. Dismantlable underbody hard shells made of polypropylene are suit-
able to solve these problems. However, the design of the underbody has to be 
adapted to the use of a hard shell, which can ultimately only be achieved in com-
bination with a change of model. 

(5) Innovation drivers: With the legal classification of DEHP in 2001, the 
substance had to be labelled with a skull pictogram throughout Europe (as well as 
displaying the R-phrases R 60 - 6189). Following this, DEHP was also substituted 
in many areas by the phthalates DINP and DIDP for reasons of occupational 
health and safety. There is no obligation to label DINP and DIDP yet. On the 
European plasticiser market this caused a significant shift. The DEHP ratio thus 
only accounted for 25% of the total plasticiser market in 2003 (compared with 
42% in 1999). The ratio of DINP/DIDP rose to 55% during the same period (from 
35% in 1999). 

The PVC discussion as a driving force for innovation affected in particular con-
sumer-close products. Alternative materials did not gain the upper hand for any of 
the mass products, however “PVC-free” as a product strategy was considered and 
partly implemented at least for many automotive manufacturers as well as for 
packaging, even if public marketing (e.g. by means of a label) was considered to 
be problematic from a legal aspect90.

The aspect of releasing reproduction-toxic plasticisers resulted in substitution 
only in especially sensitive areas. The high level of public interest in the release of 
reproduction-toxic phthalates in toys designed for teething infants and babies was 
highly influential. Not least of all due to an emergency EU ordinance, which 
banned the marketing of toys containing phthalates designed for chewing and 
suckling, phthalates were replaced by other plasticisers and furthermore PVC was 
replaced by plasticiser-free polyolefins or ethylene-vinylacetate. Another contro-
versial factor was the use of DEHP in medical devices (such as blood storage 
bags, infusion tubes), from which the plasticiser is absorbed by patients. As a re-
sult of the high application-specific requirements, substitution is considerably 
more exacting in this case. For these particularly sensitive and relatively expensive 
areas, BASF presented in 2002 the plasticiser DINCH91, which was developed for 
a specific target (since 1997) and subjected to extensive toxicological testing and 
for which no CMR or other long-term effects were detected. 

(6a) Direction of innovation from the standpoint of market actors: When 
DEHP in UBS plastisols was substituted by other phthalates in 1995 due to the 
manufacturers’ classification, the users (plastisol manufacturers and automotive 

                                                          
89 R 60: may impair fertility.; R 61: may cause harm to the unborn child (Council Directive 

67/548/EEC)
90 The question to what extent the objectively accurate statement “PVC-free” associates 

general environmental friendliness in the case of a product and is thus misleading is dealt 
with by a court judgment (Federal Supreme Court: I ZR 76/94), which ruled that this 
statement was permissible. 

91 DINCH = diisononyl cyclohexane dicarboxylate (also diisononyl hexahydropthalate). 
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manufacturers) did not have adequate data to evaluate the substances. As DINP 
and DIDP are only slightly different from DEHP from a chemical aspect, at least a 
similar potential effect had to be expected. Nevertheless, the plastisol manufactur-
ers did employ these substances, as no low-cost alternative with similar technical 
properties was available. 

Concerning the evaluation of PVC, users were repeatedly confronted with con-
tradictory information. Comparisons in life-cycle-analyses (which in the majority 
of the cases exclude toxicological effects) frequently speak in favour of PVC, 
which does come off better because of its lower resource requirements. The public 
discussion about phthalates in children’s toys, the problems involved in the dis-
posal of PVC and the consequences of large-scale fires in structures containing 
PVCs (such as the one at Düsseldorf airport) however, lead to a scandalisation 
both for PVC and also for phthalates. 

From a user’s point of view, one advantage of using underbody hard shells is 
the saving in weight (strategies to reduce fleet consumption of petrol have in the 
meantime become part of the environmental policy of many companies), im-
proved recycling options, fast cycle times for assembly and the reduction of over-
head work. This is counterbalanced by problems in the area of corrosion protec-
tion (accumulation of damp) and higher material costs. The processes to be taken 
into consideration in order to reach a decision here also increasingly depend on 
non-scientific factors (environmental policy, guiding principles, brand image). 

(6b) Direction of innovation from the standpoint of the SubChem research 
group: Substitution of the reproduction-toxic plasticiser DEHP for DINP and 
DIDP may be considered to be an improvement from a health aspect, as the EU 
risk assessments92 for these substances that have now been published do not iden-
tify any comparable potential for health risks93. For the assessment of alternative 
plasticisers (e.g. citrates, adipates or alkylsulphonic acid esters), which replace e.g. 
DINP in toys, the data pool was inadequate at the time of substitution, with the re-
sult that it could not be ruled out that new health risks would be created by these 
substances94. Potentially harmfull exposure, however, also depends especially on 
the mobility of these substances in plastics. Knowledge about the release mecha-
nisms of additives is as yet very limited. 

All three phthalates degrade considerably worse under environmental condi-
tions than they do in laboratory tests, however they cannot be classified on the 
whole as being persistent. The substitution of DEHP by DINP/DIDP in plastics for 

                                                          
92 EU risk assessment for DINP (5/01) and DIDP (5/01), as reported in France. 
93 Merely one restriction was made relating to DIDP as the main plasticiser used in chil-

dren’s toys. 
94 Scientific Committee on Toxicity, Ecotoxicity and the Environment (CSTEE): Opinion 

on toxicological characteristics and risks of certain citrates and adipates used as a substi-
tute for phthalates as plasticisers in certain soft PVC products, September 1999. A risk 
assessment has now been compiled for the widely used citrate plasticiser ATBC. The 
CSTEE comes to the conclusion that there are no safety concerns relating to the use of 
ATBC (o-acetyl tributyl citrate) in toys designed for chewing (CSTEE 41st plenary meet-
ing, 8th January 2004). 
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external applications (such as car undercoating) only represents an incremental 
improvement, as substances are still being emitted into the environment. Due to 
the very substantial volumes being used95 and the continuous leaching from exist-
ing products already described, an environmental concentration is formed at a 
relatively high level even without persistence (water > 1 µg/l, sediment 
> 10 mg/kg)96, which can be referred to as “quasi-persistent”. In addition bioac-
cumulation takes place, at least in the lower levels of the food chain. In general 
environmental accumulation is increasingly being recognised as an (environment 
hygiene) problem, even if no problematic effects are detected in the ecosystem 
caused by the substance (such as e.g. reproduction-toxic effects). 

By way of alternative to UBS plastisols, an underbody hard shell not only re-
duces the release of plasticisers during the usage phase. Due to reduced weight 
and reduced air resistance (CW value) fuel consumption of vehicles is also re-
duced, which has a positive effect as part of a life-cycle assessment. After disman-
tling the plastic part can be recycled separately. 

(7) Conclusion with regard to stock of hypotheses and model: In the present 
case we can observe various substitution stages associated with different driving 
forces. The substitution of DEHP in toys or medical devices can be put down to 
pressure exerted by public interest, caused by health risks for sensitive consumer 
groups. DEHP in car undercoating is rather an occupational health issue. The re-
lease of large quantities of phthalates into the environment, which are not easily 
degradable, was not an explicit reason for action either for the manufacturers or 
for the users. 

Both PVC and also phthalates were ‘scandalised’ in public discussion, with the 
result that in certain individual cases substitution no longer was based on scientific 
risk analysis alone (Hypothesis 4 cf. above). 

PVC-DEHP material systems are incomparably cheap due to their high market 
volumes. At the same time, DEHP is one of the best examined substances on the 
European market from a toxicological aspect, although no greater assessment 
safety has been created as a result of this in the past 25 years97 (“The demand for 
‘toxicological certainties’ consolidates a lock-in in the case of high-volume exist-
ing substances” – Hypothesis 3). 

Establishing alternative plasticisers and material systems on the market is cor-
respondingly difficult. This is especially the case for “new substances” (hypothe-
sis 2). These competitive advantages (high volumes, low price, extensive exam-
ined existing substances) can only be overcome by companies with considerable 
capital, who manufacture DEHP themselves (“The existing chemicals legislation 

                                                          
95 In total more than 900,000 tons of phthalates are processed in Europe every year. The 

volume of DEHP used (currently barely 30%) is declining in favour of DIDP/DINP (al-
most 60%) (source: ECPI 2003). 

96 EU risk assessment (draft) for DEHP 2003. 
97 In addition to contradictory test results, the remaining uncertainties concerning the trans-

ferability of animal testing to humans still leave significant scope for interpretation with 
regard to the relevance of the effects observed and the safety factors to be deduced from 
them. 
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gives existing substances certain competitive advantages, which hamper innova-
tion” – Hypothesis 1).

BASF is thus currently endeavouring to establish the substance DINCH as a 
new registered substitute (entirely tested plasticiser without any hazardous proper-
ties) for DEHP in high-price market segments (e.g. medical devices). Soft PVC
users substitute on the material level, if they can achieve further process-related
and/or quality-related optimisations in the course of technological development
(e.g. underbody hard shells) (“Environment and health-compatible substance
properties are additional qualities in business-to-business (B2B) markets. They 
are of relevance almost only for manufacturers, who market their products on de-
mand-dominated, saturated markets with differentiated quality production” – Hy-
pothesis 8).

4.2.3 Case study “Biosoluble, man-made mineral fibres for 
insulation in structures” 

(1) Technical advantage/function: The mineral wools (MW) belonging to
man-made mineral fibres are used in the construction industry for heat and noise
insulation purposes in structural engineering. A common feature of all insulation
materials is the fact that they have a large volume with low weight due to the
many small hollow spaces that they contain. Besides mineral wools, hard foam
(e.g. polystyrene, polyurethane) as well as cellulose, cork and lightweight building
boards are used.

Figure 14. Various insulation materials made of mineral wool (source: Bau-BG, Frankfurt) 

The technical suitability of insulation materials is described by a series of tech-
nical parameters relating to the material (heat conductivity and heat storage ca-
pacities, damp protection, fire protection class, noise-insulating effect, properties
related to building biology, e.g. content of hazardous substances such as flame re-
tardants and insecticides). Mineral wools have certain advantages over other insu-
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lating materials, especially in the area of fire protection and the material price98

and also due to their simple processing. 
(2) Environment and health-related problems are dominated by risks ema-

nating from fibre dusts, which are released during the production and processing 
of mineral wool products and in refurbishment and/or demolition work. If the fi-
bres are sufficiently small and are inhaled, they can enter the lung. They can also 
induce skin and respiratory diseases and some are also potentially carcinogenic. 

The carcinogenic effect of a fibre depends on the concentration (exposure99), 
the geometry of the fibre, which is also called fibre dimension (which also deter-
mines the inhalability100) and also the biodurability (persistence in the body or dis-
solution of the fibres by the body). 

With regard to biodurability the resistance of the fibres to elimination mecha-
nisms in the lung is decisive from a toxicological aspect. Biosolubility is an essen-
tial parameter for this. 

It is evident that fibre geometry and biodurability are the decisive criteria for 
the carcinogenic properties of fibres. However, there are differing opinions be-
tween fibre manufacturers and occupational health and safety experts in the EU 
and Germany concerning the examination and measuring methods and the evalua-
tion of the carcinogenic properties. 

(3) Market and actors: The market of mineral wool manufacturers comprises 
a few, mostly medium-sized enterprises (approximately 5 companies with around 
20 plants in Germany). They are dominated by two well known, also globally ac-
tive companies. Due to the high volume of the commodity, the market is essen-
tially organised on a regional to national basis. The manufacturers are faced with 
employees in the insulation trade, who are well organised in unions. The mineral 
wool industry in Germany employs around 5000 employees in the manufacturing 
and industrial pre-packaging sectors. In the structural engineering, civil engineer-
ing and technical insulation industries approximately 30,000 insulation workers 
handle man-made mineral fibre products. The number of employees in other areas 
and in other parts of the construction industry, who handle man-made mineral fi-
bres at least on a sporadic basis (e.g. bricklayers, dry construction workers, paint-
ers, carpenters, roofers, assistants i.a.) is estimated to be 450,000. In the 1990s the 
production of insulation materials rose substantially. In 1999 approximately 33 m. 
m3 of insulation materials were manufactured. Of this figure mineral wools ac-
count for a market share of 58%. The mineral fibre industry accounts for 12.7% of 
the entire turnover of the German glass and mineral fibre industry of DM 16,600 
m., i.e. a turnover of DM 2,100 m. 

                                                          
98 Prices for a k-value (thermal transfer coefficient) of 0.2 in €/m²: Mineral wool 5- 17.5; 

polystyrene 10; polyurethane 15 -20; cork 50; wood wool-lightweight building board 
100, cellulose 12.5-20 (loose) or 20 (plates) (ENRW 01). 

99 The Geramn air threshold value (technical reference concentration TRK) for biopersistent 
mineral wools and ceramic fibres 250,000 f/m3 (certain areas 500,000 f/m3) (German 
TRGS 900/901). 

100 Fibres with a critical fibre geometry (or WHO fibres) are considered to be those with a 
length > 5 µm, a diameter < 3 µm and a length-to-diameter ratio < 3 to 1. 



4.2 Summary of thirteen case studies   77 

(4) Innovation process: Mineral wools have been used as the most important 
substitutes for asbestos and then themselves came under suspicion of causing can-
cer. Along with the realisation that fibres with a certain chemical composition can 
be dissolved in the lung, a new quality – biosolubility – was developed for man-
made mineral fibres. Biosoluble fibres were marketed for the first time in the mid 
1990s, when the pressure on existing man-made mineral fibre products increased. 
Besides an imminent ban on biodurable fibres in the construction industry as well 
as the demands of professional users (insulation workers) and their representa-
tives, the series of regulations relating to the classification of fibres grew: 

Regulation of man-made mineral fibres was concerned with two formally sepa-
rate areas: 

classification: EU Directive 97/69/EC, §4 German Ordinance on Hazardous 
Substances
occupational safety: German TRGS 521, German Ordinance on Hazardous 
Substances Annexe V no. 7, German ChemVV 

EU classification: The basic classification as carcinogenic fibres depends on the 
content of alkaline and alkaline earth metal oxides (Na2O, K2O, CaO, MgO, BaO) 
(EU Directive 97/69/EC). In accordance with this directive, mineral wools are de-
fined as “man-made glass (silicate) fibres with random orientation”. With alkaline 
oxide and alkali earth oxide content in excess of 18% by weight they are classified 
as carcinogenic Cat. 3 “Suspected carcinogenic effect”101 and also “irritating”. 
Under certain conditions, as stated in Nota Q of the Directive (“Restriction of li-
ability”/”Opting out criteria”) classification as carcinogenic is not compulsory: 

Classification for Germany: Man-made mineral fibres were included in Annexe 
V no. 7 of the German Ordinance on Hazardous Substances in 1998. Criteria for 
restriction of liability were set out here. The evaluation methods are stated in 
TRGS 905 “Index of carcinogenic, mutagenic or reproduction toxic substances” 
no. 2.3 (German Federal Ministry of Labour announcement in accordance with § 
52 Para. 2  German Ordinance on Hazardous Substances). The German Ordinance 
on Hazardous Substances and the German ChemVV were amended on 
01.06.2000. In accordance with this amendment, the manufacture, marketing and 
use of new products containing mineral wools with biopersistent fibres is prohib-
ited for heat and noise insulation in structural engineering purposes in Germany 
(Annexe. I no. 22 German Ordinance on Hazardous Substances and the German 
ChemVV). 

                                                          
101 “Substances, which give rise to concerns due to possible carcinogenic effects on hu-

mans, but which cannot be evaluated definitively due to insufficient information. Knowl-
edge exists on the basis of suitable animal testing, but this is not sufficient to classify the 
substance in Category 2.” 
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Figure 15. Classification of man-made mineral fibres102

Occupational health and safety: The Ordinance on Hazardous Substances An-
nexe V no. 7) and the TRGS 521, which was last updated in May 2002, govern the
handling of mineral wool fibres in Germany. When processing biosoluble mineral
wool products, merely the minimum measures for the protection of workers
against dust as per TRGS 521 no. 4 must be observed. Since the 2000 ban the
handling of biopersistent mineral wools, which may release fibre dusts suspected
of being carcinogenic (no. 2.3 TRGS 905), is only possible or permissible during
demolition, refurbishment, maintenance and repair work. Special protective meas-
ures are required for this (TRGS 521 no. 5). The German Ordinance on Hazardous
Substances generally sets out the obligation to find a substitute as well as the duty
to give notice as well as prescribing protective measures. This means that the in-
novation was driven on by the set of regulations together with a fierce dispute
concerning the parameters of hazardous substance classification.

In September 1998 the RAL Quality Community on mineral wool, which
represents 90% of mineral wool manufacturers, was established on the basis of an
sector-wide agreement. It is also the owner of the quality label “mineral wool
products” and works to promote the diffusion of biosoluble mineral wools (GGM
01). The RAL label on the products signifies easily identifiable information,
which at the same time has been verified and continuously examined by a neutral
institution, as to whether a mineral wool product is released as per Annexe V no.
7.1 of the German Ordinance on Hazardous Substances.

102 Löffler and Reuchlein: Sicherer Umgang mit künstlichen Mineralfasern, in: Arbeitsmed.
Sozialmed. Umweltmed. 35, 12, 2000 
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Figure 16. Innovation process in the case of man-made mineral fibres for heat insulation in
structures (own diagram)

(5) Innovation drivers: Scientific findings concerning the effect mechanisms
of mineral fibres (fibre dimension, biosolubility) and experience with the carcino-
genic effects of asbestos have created certain impulses for the whole innovation
process. Some health-conscious end consumers, but especially commercial users, 
have been sensitised accordingly. The case of asbestos is one example as to how
scientific findings, on the one hand, can play an important role in promoting sub-
stitution, but on the other hand how insisting on ‘complete findings’ or instrumen-
talising gaps in findings can also delay or block substitution processes. The latter
applies e.g. for the highly controversial discussion surrounding classification crite-
ria and the transferability of animal testing, which are ultimately also reflected in 
the differences between regulations on both national and European levels.

(6a) Direction of innovation from the standpoint of market actors: It has
been confirmed that the strategy for the substitution of asbestos by mineral wools
could not be certain in its direction in retrospect because certain evaluation criteria
were not applied (critical fibre dimension) or were missing (biosolubility) at the
time of substitution. A central aspect of this case is the controversially discussed
(and partly also legally contested) evaluation problem of health hazards and the
resulting legal classification.

By force of circumstances the manufacturers of mineral wools participated in
the development of test methods to distinguish between hazardous and non-critical
fibres as well as appropriate criteria for legal classification. A delay in the innova-
tion process was caused by the discussion as to which criteria for the restriction of
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liability should actually be legally permissible. There was and still is general scep-
ticism on the part of the manufacturers with regard to national regulations. 

(6b) Direction of innovation from the standpoint of the SubChem research 
group: Starting with the examination of the carcinogenic properties of chemically 
inert asbestos fibres, the significance of the fibre dimension was discovered first. 
So similarly, a hazard by accordingly dimensioned man-made mineral fibres (or 
WHO fibres) was deduced. Animal and laboratory testing demonstrated that the 
chemical composition and the biopersistent/biodurable properties determined by 
them are also responsible for the carcinogenic effect of mineral fibres. On the ba-
sis of biosolubility the ‘internal’ exposure to carcinogenic fibres is reduced con-
siderably, thus making a significant contribution to occupational health and safety 
and consumer protection. Reducing the hazards by means of a relatively simple 
principle, i.e. the shift to manufacturing biosoluble fibres (alteration of the chemi-
cal composition of fibres without any major technical and organisational changes), 
is a peculiarity. 

The aspects of occupational safety and public health are seen via-à-vis the ar-
guments of environmental protection. Heat insulation of buildings is the most im-
portant measure to reduce private energy consumption. The German Heat Insula-
tion Ordinance103 and the German Energy Conservation Ordinance which has been 
in force since February 2002 for new and old buildings alike increase the require-
ments for heat insulation. So far mineral fibre products are most frequently used 
for insulation purposes due to their easy workability, their good fire prevention 
and damp properties and also due to their favourable price in comparison with 
other insulation materials. There was thus a conflict of aims between environ-
mental protection (energy conservation = resource preservation and reduction of 
CO2 emissions (greenhouse effect)) and public health (release of potentially haz-
ardous fibres). 

(7) Conclusion with regard to stock of hypotheses and model: Against the 
background of experiences with asbestos, the fibre discussion met with a relatively 
large response in public and thus ultimately motivated the manufacturers to mar-
ket biosoluble products (Hypothesis 4 cf. above). 

The competition between two major manufacturers of mineral wools, especially 
relating to the measuring methods for the criterion of “biosolubility”, resulted in a 
delay to the introduction of biosoluble mineral wools, i.a. because the official bod-
ies came under pressure to find a justification for the measures of hazardousness 
leading to market restrictions. New developments were delayed as long as possible 
until no other action was possible. Knowledge of forthcoming classifications was 
thus used as a competitive advantage, on the one hand. On the other hand, the ad-
aptation of more binding regulations to the actual state-of-the-art was also delayed 
by this. (“The case shows the limits of possibilities for state intervention and the 
lengthy periods until regulative impulses become effective.” – Hypothesis 6 
“Regulative drivers”). 

                                                          
103 The basis of the German Heat Insulation Ordinance is the German Energy conservation 

Act dated 1976. The first Heat Insulation Ordinance came into force in 1977, with 
amendments in 1982 and 1994. 
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In the final analysis, increasing regulative pressure and the heightened attention 
of the public has meant that biosoluble fibres have been manufactured since the 
mid 1990s. A co-operation to promote the diffusion of biosoluble mineral wools 
was established with the RAL Quality Community on mineral wool established in 
1998, which represents 90% of mineral wool manufacturers. (“Co-operation net-
works and shared guiding principles may be an important prerequisite for the 
successes of innovation” – Hypothesis 10 “Co-operation networks”). 

The peculiarities of this case are to be found (a) in the type of substitution – the 
development of alternative fibres without104 any carcinogenic potential (biosolu-
bility) and (b) in the fact that substitution has been implemented 100% at least in 
Germany. 

4.2.4 Brief presentation of other case studies 

Presentation of the individual case studies follows the above described documen-
tation system. The hypotheses referred to in the particular conclusion are de-
scribed in detail in Chapter 4.3. 

For detailed information the complete versions of the case studies are available 
from the authors. 

Case study “Biocide-free cooling lubricants and minimum quantity cooling 
lubrication” 

(1) Technical advantage/function: Cooling lubricants are used in large quantities 
as manufacturing auxiliary material for almost all machining operations. The 
main function of cooling lubricants is to cool and lubricate the part being ma-
chined and also to rinse away the turnings. Minimum quantity cooling lubri-
cation and dry machining are used as alternatives for flooding cooling lubrica-
tion (wet machining). 

(2) Environment and health-related problems: Skin diseases, caused by damp-
ness, alkalinity of cooling lubricants and skin-hazardous additives (e.g. sensi-
tising emulsifying agents, corrosion inhibitors, biocides) are the primary 
health hazards caused by water-soluble cooling lubricants. Individual sub-
stances may be contained in the emulsion being used, which are capable of 
causing respiratory problems (e.g. mould, endotoxins, amines) as well as can-
cer (e.g. N-nitrosamines, PAH). 

(3) Market and actors: The multitude of commercial users (approx. 100,000 com-
panies) with different machining tasks and thus varied demands on cooling 
lubricants and also a wide range of products on offer cause the market to be 
non-transparent for the users. There are around 80 cooling lubricant suppliers 
in Germany (ranging from international mineral oil groups to SMEs). 

                                                          
104 In accordance with the present state-of-the-art. 
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(4) Innovation process: Cooling lubricants on the basis of vegetable or animal 
oils have been used for centuries. In the 1950s emulsions came onto the mar-
ket, which due to the better physical cooling effect of the water met the in-
creased demands for faster machining processes and higher quantities. Substi-
tution processes for cooling lubricants have so far only been applicable to 
individual ingredients (PAH, formaldehyde, nitrite, boric acid) and technical 
optimisation. Due to the effort spent on maintenance and the increased costs 
of waste reduction, dry machining and minimum quantity cooling lubrication 
have been further developed since the late 1980s. 

(5) Innovation drivers: Increasing cost pressure as the result of disposal costs and 
high expenditure on monitoring, maintenance and care of cooling lubricants 
primarily promoted waste-reducing processes such as minimum quantity cool-
ing lubrication and dry machining. With the action “Poison cocktail cooling 
lubricant” (1989) IG-Metall sensitised affected employees. Results included, 
among other things, the publication of new regulations by the employers’ li-
ability insurance (BGR 143) and in 1993 enactment of TRGS 611. In the 
meantime, the lubricant manufacturers’ associations, the employers’ liability 
insurance and IG-Metall have compiled a list of substances, that is constantly 
updated, which should not be contained in cooling lubricants105.

(6) Direction of innovation (from the standpoint of market actors – 6a): The 
choice of the right cooling lubricant is difficult due to the multitude of prod-
ucts and ingredients. In many instances hazards occur only as the result of 
contaminations or other alterations to the cooling lubricant. Users rely on in-
formation relating to properties and handling (maintenance and care) by the 
manufacturers. 

Direction of innovation (from the standpoint of the SubChem research group 
– 6b): By substituting cooling lubricants by dry machining and/or minimum 
quantity cooling lubrication, a reduction of hazards caused by cooling lubri-
cants (skin and respiratory deseases) can be noted. Furthermore the risks are 
reduced caused by insufficient or incorrect handling of cooling lubricants. 

(7) Conclusion with regard to stock of hypotheses and model: Due to the com-
plex multitude of products, the trade and distribution may affect the choice of 
alternatives in each case by means of user information. (“Influence of trade 
and distribution” – Hypothesis 12). The high disposal costs exercise innova-
tive pressure to reduce volumes of cooling lubricants (Hypothesis “Cost inter-
nalisation”). Some ingredients of cooling lubricants were the subject of public 
discussions (e.g. formaldehyde, chlorinated paraffins) (“Emotional drivers” – 
Hypothesis 4). 

                                                          
105 VKIS-VSI-IGM 
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Case study “Biodegradable mould release agents made of natural raw  
material ” 

(1) Technical advantage/function: Before casting, mould release agents are ap-
plied to the mould surface/formwork. They prevent the concrete from adher-
ing to the formwork after hardening with the result that the concrete surface is 
damaged while it is being removed. A distinction is made for the application 
in pre-cast concrete part plants and on site (site-mixed concrete). The former 
have higher demands on the technological effectiveness of the mould release 
agents. Vegetable-oil-based mould release agents (aqueous ester emulsions) 
are an alternative to mineral-oil-based mould release agents, some of which 
contain solvents. 

(2) Environment and health-related problems: The main problem is the environ-
mentally open application of conventional mineral-oil-based mould release 
agents. Mineral oils are persistent in the environment, mobile in soils and may 
contaminate the ground water. They have a highly toxic effect on water and 
soil organisms. Solvent contents (if used for pre-cast part plants) cause VOC 
emissions. Health risks (such as lung, skin and nerve damage) may result for 
users due to mould release agents. In pre-cast part plants the danger of fire 
and explosion is also present. 

(3) Market and actors: In the market for mould release agents a distinction is 
made between a quality-differentiated market in the area of pre-cast part 
plants and fairfaced concrete and a heavily cost-oriented competition in site-
mixed concrete. The manufacturers are for the one part mostly medium-sized 
manufacturers of construction chemicals, and for the other part mineral oil 
groups. Solvent-free, mineral-oil-based mould release agents are prevalent. 
The proportion of products containing solvents is estimated to be approxi-
mately 20%, the proportion of vegetable-oil-based mould release agents is 
around 5%106.

(4) Innovation process: Besides improving the technological properties, the aim 
of developing mould release agents since the 1980s has been to reduce prob-
lematic substances and increase biodegradability. Measures included cleaning 
the basic oils contained in mould release agents (extraction process), since 
1992 use of easily biodegradable vegetable-oil-based mould release agents 
and increased degradability of mineral-oil-based mould release agents Due to 
the higher price107 and a more complex application method; the vegetable-oil-
based mould release agents are mainly used in pre-cast part plants. 

                                                          
106 These figures refer to the German market. 
107 2-3 times more expensive than site-mixed concrete-concrete separating agents, approx. 

30% more expensive than high-quality, solvent-based concrete separating agents for pre-
cast part plants. 
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(5) Innovation drivers: The initiator for development of vegetable-oil-based 
mould release agents came from The Netherlands and Switzerland in the mid 
1990s. It was instigated by high disposal costs and the costs for cleaning up 
the ground after contamination by mould release agents. These experiences 
from abroad motivated manufacturers in Germany to develop vegetable-oil-
based mould release agents. 

(6) Direction of innovation (from the standpoint of market actors – 6a): The pri-
mary concerns are the quality and price of products. As possible damage to 
the concrete surface due to incorrect usage of mould release agents causes 
very high costs for repairs, new products with another application technology 
are considered with scepticism. 

Direction of innovation (from the standpoint of the SubChem research group 
– 6b): The advantage of vegetable-oil-based mould release agents is, on the 
one hand, in their character as renewable raw materials, their biodegradability 
and on the other hand the reduction of VOC emissions as well as risks of fire 
and explosion. 

(7) Conclusion with regard to stock of hypotheses and model: In the case of site-
mixed concrete costs are the decisive factor. The higher costs for vegetable-
oil-based mould release agents are thus a hindrance to substitution (“Fordist 
market” – Hypothesis 8). As a result of the competition of vegetable-oil-based 
mould release agents, conventional mineral-oil-based mould release agents 
were also further developed in relation to their biodegradability (“Cross-
adaptation” – Hypothesis 5). 

Case study “Biosoluble, man-made mineral fibres in automotive silencers” 

(1) Technical advantage/function: Basalt rock wool is used for noise insulation in 
automotive exhaust units for the purposes of noise absorption. Vital technical 
requirements are temperature resistance, noise absorption behaviour, corro-
sion resistance and mechanical stability. Now textile continuous glass fibres 
and biosoluble mineral wools are also used for this application in exhaust 
units.

(2) Environment and health-related problems: In production and processing 
(packaging, installation of basalt rock wools) fibre dust is released. This dust 
may cause skin and respiratory diseases. Basalt rock wools are biopersistent 
mineral wools and, as such, have a certain carcinogenic potential. Conversely, 
textile continuous glass fibres are not considered to be carcinogenic due to 
their structure (fibre diameter = 24 µm) and biosoluble mineral wools due to 
their solubility in the lung. 

(3) Market and actors: A few fibre manufacturers and customers (suppliers of the 
automotive industry, as well as the automotive manufacturers themselves) are 
at the market. Between the fibre manufacturers and the silencer manufacturers 
a multitude of intermediate sub-contractors are involved, who purchase fibre 
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materials, partly package them and then resell them. At present the market 
share of basalt rock wools108 is declining significantly and the market share of 
textile continuous fibres and biosoluble mineral wools is growing. 

(4) Innovation process: The development of biosoluble fibres for use in silencers 
was a difficult task from a technical aspect. On the one hand, the materials 
had to be soluble in the lung environment, on the other hand, they had to 
guarantee durability in the acidic environment of the exhaust flow. The 
change-over period until the release of “new” materials in the automotive in-
dustry is no shorter than 2-3 years depending on production conditions (in-
vestment and test cycles). Since the start of 1999 biosoluble fibres have been 
produced in series for use in silencers. 

(5) Innovation drivers: Artificial mineral fibres were included in Annexe V of the 
German Ordinance on Hazardous Substances in 1998. In 2000 biopersistent 
mineral fibres were banned from use in construction. These regulations, to-
gether with the in some cases public discussion of fibres, also provided im-
pulses for substitution by biosoluble fibre materials in silencers. 

(6) Direction of innovation (from the standpoint of market actors – 6a): A com-
plex assessment situation (classification, criteria for restriction of liability, 
transitional regulations109) resulted in confusion with regard to the need for 
substitution for manufacturers and users of basalt rock wools. 

Direction of innovation (from the standpoint of the SubChem research group 
– 6b): If biopersistent basalt rock wools are replaced by biosoluble mineral fi-
bres (in manufacture, processing, recycling), the ‘internal’ exposure that 
causes cancer is reduced. This makes a significant contribution to occupa-
tional health and safety. 

(7) Conclusion with regard to stock of hypotheses and model: The substitution 
process in the construction industry had the effect of providing impulses 
(“Cross-adaptation” – Hypothesis 5). Automotive manufacturers as brand 
manufacturers are especially vulnerable to scandals. Concerning carcinogenic 
fibres it must be assumed that the public and therefore also car buyers were 
highly sensitised due to the asbestos problem (“Emotional drivers” – Hy-
pothesis 4). 

                                                          
108 Up until approximately 1998 almost 100 % of filling materials used in silencers still 

comprised basalt rock wools. 
109 In accordance with the transitional regulations in § 54 Para. 4 of the German Ordinance 

on Hazardous Substances biopersistent mineral fibres for use in automotive silencer units 
are exempted from the substitution obligation in accordance with Annexe V no. 7.2. and 
the duty of disclosure in accordance with no. 7.3. until October 2003. Concerning the use 
of fibres in vehicles, this means that an already existing substitute does not have to be 
used until that time. 
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Case study “Man-made mineral fibres in automotive catalytic converters” 

(1) Technical advantage/function: Ceramic fibres are used in automotive catalytic 
converters as bearing and adjustment materials for the catalytic converter 
(monolith), where the chemical reactions for exhaust cleaning take place. 
They are also used for thermal and acoustic insulation. Series-tested ceramic 
fibre substitutes for converter-specific usage conditions are not yet avail-
able110.

(2) Environment and health-related problems: Fibre dusts are released during 
manufacturing, packaging and recycling of catalytic converters. They can 
cause skin and respiratory diseases, some of them have carcinogenic potential. 
The carcinogenic effect of ceramic fibres is consistently assessed both in ac-
cordance with EU legislation and German regulations as K2 (suspected of 
having a carcinogenic effect in humans). 

(3) Market and actors: In Germany there is one manufacturer of suitable ceramic 
fibres (three in Europe and two in Japan). Workers in vacuum forming, modu-
lar structure and punching plants as well as other plants, where ceramic fibre 
products are installed and used, also handle ceramic fibres. 

(4) Innovation process: Unlike silencers, a substitute for ceramic fibres in cata-
lytic converters is not yet available because very stringent technical require-
ments have to be met. The test cycles and clarification of the technical and 
other properties (occupational health and safety and environmental protection) 
are also correspondingly extensive. Solutions are being developed in co-
operation with manufacturers, users and official bodies. 

(5) Innovation drivers: An important impulse was the classification of ceramic fi-
bres as carcinogenic category K2 (Directive 97/69/EC), which has been appli-
cable since January 1998. Since July 2001 there has been a ban on the market-
ing of ceramic fibres for the “general public”. An impending ban also for the 
industrial sector caused alarm in the automotive industry. A scientific study 
by Wuppertal University111 also directed attention on the subject of “ceramic 
fibres in catalytic converter recycling”. 

(6) Direction of innovation (from the standpoint of market actors – 6a): For 
automotive and catalytic converter manufacturers the direction was clearly 
“away from ceramic fibres classified as K2” as per the 1998 EU classifica-
tion. Official bodies (especially FIOSH) were consulted for assessing the haz-
ardousness and were thus included in developing substitutes. A development 
was thus accelerated with the highest possible security of direction. 

                                                          
110 This was the case at the time of data collection (06/2003); as of 2004 substitutes are to 

be available and are also to be used in the automotive industry. 
111 Kahl-Mentschel, A. (1999) 
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Direction of innovation (from the standpoint of the SubChem research group 
– 6b): The substitution of ceramic fibres in the construction of catalytic con-
verters would avoid exposure (manufacture and recycling) to potentially car-
cinogenic fibres. Inclusion of specialised official bodies in the evaluation of 
alternative materials is one step towards greater security of direction. 

(7) Conclusion with regard to stock of hypotheses and model: Due to the “vulner-
ability” of the automotive industry to public scandals the subject of “carcino-
genic fibres in catalytic converters” was not discussed openly by the automo-
tive industry (“Emotional drivers” – Hypothesis 4). The creation of a “round 
table” comprising official bodies, automotive manufacturers, catalytic con-
verter manufacturers, filling material manufacturers and scientists can be con-
sidered as an instrument supporting innovation. (Hypothesis 10 – “Co-
operation networks”). 

Case study “Low-solvent automotive series coatings” 

(1) Technical advantage/function: Automotive coatings not only have to cope 
with the heavy stresses of car bodies (impact of stones, corrosion, UV) and 
optical demands of users (colour, sheen, durability), but also facilitate speedy 
and reliable processing in series manufacture. Various coating layers are 
combined (primer, filling, coloured coating and clear coating) in automotive 
series coating. 

(2) Environment and health-related problems: Conventional coatings contain sol-
vents, which contribute to health risks as well as the formation of tropospheric 
ozone (summer smog), if they are not eliminated by elaborate emissions 
cleaning processes. In the coating process large quantities of energy and water 
are also consumed and excess coating sludge has to be disposed of. 

(3) Market and actors: In automotive series coating all essential actors, automo-
tive manufacturers, coatings manufacturers and installation constructors are 
globally active, large-scale enterprises. Due to the complexity of the technical 
innovation system, intensive collaboration is vital for development of new 
technologies. Increasingly, coating is performed as a service within the scope 
of system partnerships, where the coating manufacturer provides material and 
personnel for the entire surface treatment and receives a previously agreed 
price for each finished coated car body (CPU scheme = costs per unit). 

(4) Innovation process: Water-based low-solvent dipping coatings have been 
state-of-the-art for some time as primers. In the mid 1980s the development of 
water-based fillers and topcoats was advanced by VW. These have become 
established extensively in Germany. Solvent-free powder clear coatings have 
been used by DaimlerChrysler (as powder slurry suspended in water) and by 
BMW since 1997. 

(5) Innovation drivers: Emission-related regulations, such as the Federal Immis-
sion Control Act and the EU VOC Directive were important driving factors. 
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The innovations described are, however, beyond fulfilling limit values. Re-
ducing waste costs, technology leadership and the image gain related to this 
are the objectives of the pioneering enterprises, which implement environ-
mentally compatible innovations in this area despite high investments and 
risks. 

(6) Direction of innovation (from the standpoint of market actors – 6a): Automo-
tive manufacturers substantiate the reduction of solvent emissions by water-
based and powdered coatings on the basis of emission statistics. However, the 
automotive manufacturers state the improvement of the surface quality with 
the simultaneous improved cost-effectiveness of procedures as the decisive 
criterion for successful innovation. 

 Direction of innovation (from the standpoint of the SubChem research group 
– 6b): Further operating figures for integrated evaluation (e.g. technology 
comparisons to determine the “best available technique” as per IPPC direc-
tive) are less easily accessible. The higher drying energy has to be taken into 
account when evaluating water-based coatings. In the case of dry-applied 
power coatings, however, no water is used, which facilitates higher energy ef-
ficiency. Waste is also minimised, as excess coating powder is fed back into 
the process. 

(7) Conclusion with regard to stock of hypotheses and model: The globally active 
enterprises share a common goal and guiding principle (technology leadership 
for high-quality, economical and environmentally compatible processes, Hy-
pothesis 10). As a result of the proximity to the end consumer, automotive 
manufacturers have a vested interest in a positive brand image, which also in-
cludes environmentally aware production processes (Hypothesis 8). The CPU 
partnership makes resource-saving material usage attractive also for coating 
manufacturers (Hypothesis 5). 

Case study “UV drying printing inks in packaging printing” 

(1) Technical advantage/function: The main purpose of a colour impression on a 
package is to transport information. A fast processing (drying on fast running 
machines) and a good adhesion have to be guaranteed. Furthermore the taste 
and the smell of the packed commodity should not be affected. Curing and 
drying of the ink can be carried out by evaporation of the contained solvent 
(heat and air circulation) or by chemical reaction which is initiated by ultra-
violet radiation (polymerisation of acrylates with photo initiators) which is 
particularly fast. 

(2) Environment and health-related problems: About 30% of solvent emissions 
by printing industry are related to packaging printing - in Germany this repre-
sents an amount of approximately 16 000 t/a. Packaging printing processes 
are not only solvent based, but also water based with products still containing 
up to 20% of solvents. These printing processes represent a main source of 
VOC-emissions and thus contribute to the formation of ground level ozone 
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(summer smog). Solvent related risks are furthermore an issue in occupational 
health and safety. UV-drying systems do not give rise to these kinds of sol-
vent related risks, but may under certain conditions cause skin irritation for 
workers. 

(3) Market and actors: A variety of companies contribute to the production of a 
printed packaging foil: Manufacturers (packaging foil, acrylates, photo initia-
tors and printing inks), engine construction (printing machines and additional 
equipment like UV lamps), repro services, packaging print shops and the 
manufactures of the commodities. 1997 about 18 000 tons of flexoprinting 
inks and 35 000 tons of gravure printing inks (55% of them solvent based) 
have been applied in Germany. Since their bringing onto the market UV-
drying printing systems have reached a market share of only 3% of the overall 
flexoprinting market. Solely for gravure printing on sheet metal and for fin-
ishing varnishes a relevant market share of 21% resp. 59% was reached. 

(4) Innovation process: The first patent for UV-drying paint was applied in 1946. 
1971 UV-systems were launched for offset printing and 1992 for packaging 
flexoprinting. 2002 about 1250 equipments for UV-drying systems were in-
stalled in 600 print shops. However, in the meantime, most of the big UV-
flexoprinting machines are disused or converted to solvent based systems. 
The reason for this is that UV-systems depend much more on well skilled per-
sonnel in order to work free of trouble. The former quality advantage over the 
solvent based systems has been outweighted in the meantime. The determin-
ing factor for high quality printing is the adaptation of the colour system and 
the frequently changing packaging foils with varying properties, which is 
more difficult with UV-systems. Incommoding odour can only be avoided by 
high efforts.  

(5) Innovation drivers: The innovation of UV-curing printing inks was mainly 
promoted by the innovation willingness of a few print shops and their consult-
ing engineers and of printing ink manufacturers. At the beginning of the nine-
ties incentive for the innovation in packaging printing was the limitation of 
solvent emissions by the Technical Instructions on Air Quality (German TA-
Luft). Print shops had to decide on whether to invest in exhaust air treatment 
or in conversion to low solvent systems. Companies did not succeed in ensur-
ing adequate adhesion of water based printing inks on packaging foils and 
many of them went for exhaust air treatment. UV-systems were established 
merely in the relatively slow flexoprinting of labels on certain foils. Most of 
the smaller print shops were not confronted with the higher requirements of 
the TA-Luft as long as they did not expand and in that way have not been 
forced to convert.  

(6) Direction of innovation (from the standpoint of market actors – 6a): Some 
companies made bad experiences with skin irritation caused by acrylates and 
photo initiators in the launched UV-drying printing inks (warning by employ-
ers´ liability insurance and trade union 1981) and the formation of benzene in 
cationic processes.  
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  Direction of innovation (from the standpoint of the SubChem research group 
– 6b): Solvent free packaging printing processes may contribute to reduction 
of VOC-emissions and of solvent related risks at the workplace. A similar re-
duction level can not be expected with improved contained conditions for sol-
vent based systems. Energy consuming air circulation and afterburning can be 
avoided with UV-systems. However, energy is needed for supply of inert gas 
and cooling of the printing machines. 

(7) Conclusion with regard to stock of hypotheses and model: The penetration of 
the market of an innovation with technical advantages can be hindered, if a 
complex network of multiple actors with own interests leads to system inertia 
(hypotheses 10). Difficulties in adaptation on frequently changing materials 
and the risks to increase the share of rejects have been emphasised. Banner 
headlines on worse effects of acrylates and photo initiators from the begin-
ning of the eighties still impact the product image, since the available data and 
assessment methods were not sufficient to obtain transparent and comprehen-
sible risk assessment (hypotheses 4). The regulatory push from the beginning 
of the nineties did not promote the UV-systems, because with end-of-pipe so-
lutions the requirements were met with less reorganisation of processes. 

Case study “low-chromate cement” 

(1) Technical advantage/function: Cement is an anorganic, finely ground sub-
stance (CaSiAlFe oxides), which when water is added produces cement paste. 
Cement is contained in numerous construction products (concrete, mortar, tile 
paste etc.). Chrome or chromates are “naturally” contained in the cement raw 
materials (e.g. limestone, clay) and do not perform any technical function in 
cement. Low-chromate cement is produced by adding a reducing agent (gen-
erally iron(II)-sulphate). 

(2) Environment and health-related problems: Water-soluble chrome(VI) com-
pounds in the wet cement or mortar have a highly sensitising effect and are up 
to 90% the cause of allergic cement dermatitis (cement eczema, “bricklayer’s 
itch”). The high alkalinity (pH = 13) of cement aids the development of this 
contact eczema. “Bricklayer’s itch” is one of the most frequent professional 
diseases in the construction industry. 

(3) Market and actors: In Germany approximately 32 m. tons of cement are 
manufactured, of which about 16% are processed manually, 31% are used in 
factory manufacture of concrete parts and 53% are used in the manufacture of 
ready-mixed concrete. Around 5.5 m. tons are imported. The cement industry 
operates in a Fordist structured market for mass products (lengthy product cy-
cles, dominated by price competition) with trends towards monopolies. Raw 
materials suppliers and downstream businesses (e.g. cement transportation en-
terprises) are also being controlled increasingly by the cement manufacturers. 
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(4) Innovation process: Although the cement manufacturers could have manufac-
tured low-chromate cement by making a slight change in the production proc-
ess and this change was already made in Scandinavia in the 1980s, German 
manufacturers only took action in the late 1990s. In 1999 the cement manu-
facturers, employers’ liability insurance, trade unions, industrial associations 
and inspectorates agreed on branch specific regulations on “low-chromate112

cements and products”. The new directive 2003/53/EC relating to the chro-
mate-free production of cement came into force on 17.7.2003113.

(5) The high costs (approx. € 30 m. per annum) of the construction employers’ li-
ability insurance, caused by incidences of “bricklayer’s itch” are important 
innovation drivers. Since the mid 1970s the construction employers’ liability 
insurance, has endeavoured in consultations with the Association of German 
Cement Works to obtain a reduction of the chromate content in cement. Fur-
ther initiatives such as e.g. GISBAU114 and also regulations have stepped up 
the pressure on cement manufacturers. 

(6) Direction of innovation (from the standpoint of market actors – 6a): The cau-
sality between incidences of “bricklayer’s itch” and the chromate content of 
cement has been suspected since the 1950s and was established conclusively 
in the early 1970s. However, it was contested by the cement industry. The la-
belling “low-chromate as per TRGS 613” meant that both commercial users 
and DIY users were able to clearly select low-chromate cement. 

Direction of innovation (from the standpoint of the SubChem research group 
– 6b): The use of low-chromate cement may result in a significant reduction 
of sensitisations to chromate or new incidences of “bricklayer’s itch”. The 
product security achieved, however, depends on whether chromates are re-
duced as an integrated part of the process or downstream (limited storage sta-
bility of reducing agent in finished cement). 

(7) Conclusion with regard to stock of hypotheses and model: The obstructive 
position of the cement industry, which has been documented on several occa-
sions, is striking. In a Fordist structured market the cement industry has little 
reason to push forward substitution (“Co-operation as a blockade” – Hypothe-
sis 9). 

Case study “dichloromethane-free stripping agents” 

(1) Technical advantage/function: Numerous methods are available for removing 
old paint coatings from doors, windows and walls (“paint stripping”). The 
fastest of these methods is to use chemical stripping agents containing di-

                                                          
112 In accordance with TRGS 613 dated 1993 
113 Throughout Europe as of 17.01.2005 only cements with a maximum chrome VI ratio of 

2 p.p.m. may be used and marketed for activities where skin contact is possible. 
114 Hazardous substance information system of the construction workers’ statutory accident 

insurance
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chloromethane (DCM). 75% of the paint stripping in handcraft and for DIY 
was 1998 carried out with DCM. Chemical alternatives for DCM are available 
(e.g. esters based on adipic acid), but their market share increases rather 
slowly.

(2) Environment and health-related problems: DCM is toxic for the central nerv-
ous system, for the liver and the kidneys (MAK-value 350 mg/m3), and it is 
absorbable via skin. Furthermore DCM is a suspected carcinogen (classifica-
tion carc. cat 3). DCM is low volatile and the vapour is heavier than air, thus 
high concentrations may occur at ground level during application. Activated-
carbon-filters are ineffective and normal glove materials are penetrated within 
a few minutes. The required breathing equipment is, however, hardly used by 
craftsmen, which results in several deaths every year. 

(3) Market and actors: DCM is produced in Europe at 10 sites, in general as a by-
product of chloroform (raw product for HCFCs and teflon). 150.000 t/a are 
purchased in Europe (thereof 30.000 t/a for paint stripping, thereof 50% in 
building crafts and for DIY). Because of the coupled production the manufac-
tures are forced to bring the substance to the market, which results in elastic-
ity of prices. The market share of the costlier dibasic esters has reached so far 
ca. 1.000 t/a. DCM containing products for handcraft cost about 3 €/l. Compa-
rable products with dibasic esters cost 5 €/l. Taking into account the higher ef-
fort for safe application and the lower efficiency of DCM-containing products 
(15 €/m2 facade compared to 9 €/m2 with dibasic esters) they are less eco-
nomic. 

(4) Innovation process: Small innovative companies started in the seventies to 
develop alternative stripping agents. However, up to now these products rep-
resent only a niche market. Even though the DCM market declined between 
1986 and 2000 in Germany (about 80 %), substitution of DCM was limited to 
aerosols and adhesives. Also improved emission reduction in industrial plants 
lowered the consumption of DCM. 

(5) Innovation drivers: Alternative paint strippers have been developed as a con-
sequence of the „chlorine debate“. However, neither the detailed requirements 
related to occupational health and safety (TRGS 612 and 212) nor the lower 
efficiency (cf. (3)) clearly supported the penetration of the market with the al-
ternative paint stripping systems. One barrier may be that the users have to 
change their work and purchasing procedures to apply the alternatives suc-
cessfully. By end of the nineties the construction employers´ liability insur-
ance started, based on the public media, an information campaign about the 
risks of DCM-containing paint strippers. 

(6) Direction of Innovation (from the standpoint of market actors – 6a): The risk 
determining properties of DCM are the relatively high vapour pressure con-
nected with a high density of the vapour and a medium toxicity. The health 
and safety provisions for the use of DCM are sufficient to inform about risks 
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and less risky alternatives, but due to the often deficient safety data sheets the 
users are rather poorly informed. 

 Direction of innovation (from the standpoint of the SubChem research group 
– 6b): Some of the available alternatives, particularly the dibasic esters, are of 
lower risk mainly due to their lower vapour pressure. In contrast high volatile 
DCM-substitutes like methanol, can not be regarded as a suitable alternative 
for environmental and health purposes. 

(7) Conclusion with regard to stock of hypotheses and model: DCM in handcraft 
uses represents a case, where neither fatal accidents nor hazard classification 
(R40) nor detailed and elaborated occupational safety instructions result in a 
considerable demand for safe alternatives. Reasons for this: The lack of broad 
enforcement of the occupational health and safety requirements and of the 
prohibition of self-service in DIY-stores (hypotheses 6). Producers and trade 
do not provide with sufficient information for their clients, to sensitise the us-
ers for safe handling (hypotheses 12). DCM-products are regarded as all-
purpose paint strippers with low prices and the rather conservative behaving 
craftsmen do not see any reason to demand for alternatives. Handcraft ser-
vices are not considered as applications of chemicals close to the private con-
sumer (hypotheses 8). Thus, restrictions on use or a complete ban seems to be 
the only way to bring about a shift away from hazardous, yet technically 
highly efficient substances, to more safe-to-apply products. 

Case study “Solvent-free decorative paints made of raw materials” 

(1) Technical advantage/function: Varnishes are used to protect coated materials 
(e.g. wood, metals) in internal and external applications. However, they also 
have an important aesthetic function and effect on the living environment. 

(2) Environment and health-related problems: “Bio varnishes”, i.e. varnishes 
based on natural, renewable raw materials, were developed as “close-to-
nature” alternatives (substitutes) i.a. as a reaction to the so-called ‘German 
wood preservative scandal’ and indoor pollution due to chemical solvents. 
Nevertheless, they have until now had a relatively high content of volatile 
bio-organic solvents, which may cause irritations, allergic and neurotoxic re-
actions, and contribute to the formation of tropospheric ozone. 

(3) Market and actors: The market for bio varnishes is rather a niche market (ac-
counting for approximately 2% of the entire paint and lacquer market). Deci-
sions to purchase bio varnishes are comparatively informed and conscious (at 
least this is still the case), similar to the decision to purchase organic foods 
(i.e. this is an ethical market). The manufacturers try to win over their cus-
tomers’ confidence by means of brand strategies and transparency (full decla-
ration). Germany is the ‘lead market’ in this field. 
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(4) Innovation process: Unlike the almost perfect ecological performance of bio 
varnishes, the toxicological aspects of bio-organic solvents did represent a 
weakness. With support from public funds, one manufacturer has now suc-
cessfully developed water-based bio varnishes. The interesting aspect is, on 
the one hand, the ability to be innovative of small and medium-sized enter-
prises, which in this case is largely characterised by a strong entrepreneurial 
figure; on the other hand it is also the way of dealing with conflicts of goals 
(renewable raw materials versus reduction of summer smog and skin irrita-
tions). 

(5) Innovation drivers: Besides the typical motivations in an “ethical market”, the 
competition with water-based synthetic varnishes (which in Germany feature 
the “Blue Angel” label) also spurs on innovation. In addition, the announce-
ment of an EU directive has also contributed to limiting the solvent content of 
decorative paints (Decopaint Directive 2004/42/EC). 

(6) Direction of innovation: The use of renewable raw materials and, closely 
linked with this, the compostability of production waste are trend-setting. The 
absence of solvents was not “traded in” by using other problematic substances 
(such as e.g. chemical emulsifiers, drying agents or biocides). In professional 
applications the idea of ‘water on wood’ and the comparatively long drying 
times are, however, considered with some reservations – despite the fact that 
the technical performance is in no way behind that of conventional products 
(EN certification). 

(7) Conclusion with regard to stock of hypotheses and model: Quality competi-
tion and customer proximity open up scope for impact, especially if the qual-
ity is also documented in consumer testing journals. Small companies, led by 
a strong entrepreneurial figure, guided by a worked out guiding principle (soft 
chemistry) and with the backing of public funds, are able to undertake exten-
sive innovation steps (Hypotheses 8 and 11). 

Case study “environmentally sound textile auxiliaries” 

(1) Technical advantage/function: Textile auxiliaries are applied as auxiliaries in 
textile processing and finishing (e.g. size, cleaning agents) or as finishing 
agents remaining on the textile fibre (e.g. fabric softener, optical brightener). 
Alkylphenol ethoxilates (APEO) represent a group of environmentally dan-
gerous process auxiliaries (tensides) in textile finishing. These substances re-
duce (the) surface tension between the textile fibre, water and non water solu-
ble substances and thus support the exchange of substances between the fibre 
and the liquor (liquid?). Process auxiliaries are normally discharged with 
waste water. Same applies to product auxiliaries which tend to ensure a cer-
tain appearance (e.g. a soft grip) of the product until it is sold. These sub-
stances are washed out by the textile customer. 
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(2) Environment and health-related problems: APEOs, discharged into sewage 
treatment plants or the environment, are degraded to alkylphenols. These sub-
stances are very toxic to algae and can have endocrine disruptive effects on 
water organisms. Alkalphenols are only slowly degradable and have the po-
tential to bioaccumulate in water organisms. The existing chemicals work in 
the EU identified a need to reduce the risks related to the use of nonylphenol 
ethoxilates. The German association of the auxiliaries producers (Textil-
hilfsmittel-, Lederhilfsmittel-, Gerbstoff- und Waschrohstoff-Industrie: 
TEGEWA) introduced a system of classification of textile processing chemi-
cals according to their relevance for (to?) waters (Abwasserrelevanzstufen: 
ARS) to reduce environmental risks related to the use of textile auxiliaries in 
general. This system classifies textile auxiliaries into the categories “low rele-
vance for (to?) waters (ARS I)”, “relevance for (to) waters (ARS II)” and 
“high relevance for (to) waters (ARSIII)” based on criteria for human and 
ecological toxicology. 

(3) Market and actors: About 4,600 textile auxiliaries (containing 400-600 differ-
ent substances) are marketed in Germany for various processes of textile fin-
ishing. A typical textile finisher applies often more than 100 different prod-
ucts. About 130,000 tons of textile auxiliaries have been sold in Germany in 
2002 by ca. 30 producers and used by ca. 500 textile finishers. 

(4) Innovation process: Waste water issues have been discussed in Germany for 
more than 100 years (colouring agents, oxygene depletion, odours). In the 
nineteen-eighties also certain substances (e.g. environmentally dangerous 
properties of APEOs) have been subject to the public debate. The introduction 
of the TEGEWA-system in 1997 was the first systematic assessment approach 
that addresses self responsibility of the economic actors. The German associa-
tion of textile finishers (Textilveredelnde Industrie: TVI) recommended al-
ready 1997 to use only those products, which can be classified as ARSI (low 
relevance for (to?) waters). The first monitoring report regarding the imple-
mentation was released in March 2001, the second in March 2003. This 
document reports the increase of products with low relevance for (to?) waters 
between 1997 and 2002 from 63% to 80% and the decrease of products with 
high relevance for waters (ARSIII) from 18% to 4%. 

(5) Innovation drivers: The auxiliary producers implemented the system of classi-
fication to facilitate the communication between textile finishers and water 
authorities and to avoid additional regulatory requirements for textile finish-
ing. Furthermore they created a system, which enables them to characterise 
environmental properties of a product without the necessity to disclose their 
recipes.

(6a) Direction of innovation (from the standpoint of market actors): The ARS-
system was implemented by every auxiliary producer and was known at least 
by 90% of the textile finishers. The prevention of products with high rele-
vance for waters (ARSIII) is a common interest of all actors in the supply 
chain.
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(6b) Direction of innovation (from the standpoint of the SubChem research group):
The ARS-system supported perception of responsibility for assessment on the 
producers´ side and the demand for environmentally friendly products on the 
users´ side. In this case marketing and systematic product assessment based 
on environmental criteria complement one another and thus make an impact. 
Concerning the method for environmental degradation there is a need to ad-
just to the EU-TGD (ready biodegradability of separate substances). 

(7) Conclusion with regard to stock of hypotheses and model: Two important ac-
tors of the supply chain (auxiliary producers and textile finishers) have been 
involved in the ARS-system. The clothing industry and the commercial enter-
prises (bulk good) did not participate. Although the latter supply directly to 
the customers, assessment systems concerning process related emissions 
(ARS or ÖKOTEX 1000) have not yet been of interest (hypotheses 8). The 
ARS-system and its environmental requirements for waste water motivated 
the commercial actors in the supply chain to apply to (to strive for?) more 
transparency and for an environmentally friendly (orientation in the choice of 
products (hypotheses 7). In addition, (at the) auxiliary producers research ac-
tivities have been activated. (hypotheses 2).

4.3 Hypotheses as a means of detection and a form of 
result

Working on case studies with the objective of comprehending correlations and 
implementing in hypotheses (hypothesis generation) is a research strategy that is 
entirely appropriate for the present status of innovation research. As such an ap-
proach to research necessarily requires a rather qualitative procedure and is based 
only on a few case studies, from the outset there was no claim to verification in re-
spect of quantitative significance. 
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Figure 17. Operation process of model development 

The hypotheses drawn up right at the start of the project had the function of di-
recting attention to certain questions and correlations when processing the case
studies. It could then be stated as a result of this focus that the applicable hypothe-
ses in each case were confirmed or were rather refuted by the case study. Fre-
quently, however, it transpired that some of the hypotheses were rather irrelevant
for this specific case. 

As we considered an improved and extended set of hypotheses right from the
start as a desirable project outcome, we did however not stop with these findings.
Rather we endeavoured to specify the individual hypotheses and also to develop
new hypotheses beyond these. Our set of hypotheses was thus not rigid, i.e. we did
not develop hypotheses in order to falsify or verify them using a sufficiently rep-
resentative number of case studies. Rather, the hypotheses were further developed
(and in some cases also brought to a culmination) both when analysing the case 
studies and also on the basis of our theoretical work using the model in such a way
that they express the existing conditions adequately at least for some cases. In spe-
cific terms this means that a hypothesis can be “illustrated” quite well by a case 
study and that the same hypothesis may, however, also be refuted or simply be ir-
relevant in other cases. The hypotheses are also based on a very different degree
of abstraction. They refer for example to both the general framework conditions
and also to the restricting and promoting factors within the particular supply
chains, always with regard to the various actors and their possibilities for action.
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For the more case-specific correlations the revised hypotheses represent the 
central statement of results. The hypotheses with further potential for generalisa-
tion were also still included in the model formation. In this way extrapolation of 
our set of hypotheses also formed an important input for work on the model. 

4.3.1 Hypotheses – factors promoting and restricting substitution 

A set comprising 15 hypotheses was compiled in the course of the project. These 
hypotheses are presented and explained in the following: 

Hypothesis (1): Current chemicals legislation creates competitive advan-
tages for existing materials115, which impede innovation 

The current registration procedure for new substances in Europe (high informa-
tion requirements even for small quantities), together with the absence of binding 
test requirements for existing substances, represents a hindrance for substance in-
novation in the area of high-volume, “established” industrial chemicals. 

90% of all new registrations refer to substances with a market volume < 10 t/a 
Around one third of all new registrations is for intermediates and process regu-
lators (for synthesis processes), and are thus rather part of a (synthesis) process 
innovation. 
Around 10% of all new substances registered are used for the purposes of plas-
tics processing. A further approximately 10% of new substance registrations are 
in each case for (i) dyes (especially for the textile industry) and (ii) photo-
chemicals (photographic industry and toners in the paper industry) and also (iii) 
cosmetics and perfumes. The majority of relevant substance innovations appear 
to take place in this relatively narrow market sector, while here too a relevant 
proportion of process innovations could be in processing (with the exception of 
cosmetics and perfumes). 
About 50% of new substances registered in Europe refer to imported substances 
from Switzerland, the USA and Japan. The number of new substances regis-
tered in the EU in this respect cannot be an indicator for the intensity of innova-
tion in the EU Member States in the field of chemical substances. 

With regard to the case studies contained in the SubChem project, the effects of 
the different requirements placed on new substances and existing substances can 
best be illustrated using the case study of plasticisers for PVC (DINCH as a substi-
tute for DEHP). 

Hypothesis (2): Under current chemicals legislation environment and 
health-related quality competition between chemicals is hampered by a lack 
of substance information 

Due to the lack of legal requirements to improve the state of information con-
cerning the chemical/physical and (eco)toxicological properties of existing sub-
stances, the information available to chemicals users remains extremely patchy 
                                                          
115 I.e. chemical substances, which were already on the European market prior to 1981 and 

still account for more than 90% of the chemicals market today. 
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and inconsistent. A rational, environment and health-related “quality comparison” 
between chemicals is thus not possible from the standpoint of industrial, commer-
cial and private chemicals users. The market actors are accordingly less sure of 
orientation when choosing between the available chemical alternatives. 

The products cannot be compared with regard to the environment and health-
related risks, so great the level of uncertainty and the fear of making a wrong 
decision are. This situation encourages a conservative stance in investment and 
procurement decisions of chemicals users. Patchy information for “new” prod-
ucts are thus frequently overstressed (in many instances also for tactical rea-
sons). This “conservative” stance is favoured even more by the fact that most 
users know of cases where the substitutes proved to be just as problematic or 
even more problematic after a few years. 
In addition, the complex status of information in combination with the rela-
tively restricted knowledge make many commercial chemicals users susceptible 
to incorrect information. 
Especially concerning “substances involved in public scandals”, decisions to 
substitute are then taken ‘under pressure’, in which the environment and health-
related quality of substitution solutions remains to a large extent open and mere 
shifts of risks are probable. 

In almost all cases of SubChem the factor ‘lack of quality competition due to 
unresolved evaluation issues (either rashly negative or rashly positive evaluation)’ 
plays a more or less major role. The following cases substantiate the hypothesis: 

mineral fibres in construction, 
anti-corrosion components in cooling lubricants, 
stripping agents, 
mould release agents with regard to aspect of biodegradability, 
substitution of hydrocarbons by esters in metal cleaning applications. 

In the following cases the lack of information is clearly superseded by a scandal 
situation:

phthalate plasticisers in toys for infants and babies, 
formaldehyde separators in cooling lubricants, 
substitution of CHCs by hydrocarbons in metal cleaning applications. 

Hypothesis (3): The demand for “toxicological certainties” reinforces a 
‘lock-in’116 for high-volume existing substances 

Not only a lack in knowledge but the endeavour for safety of evaluation and 
decision by means of the latest (eco)toxicological certainties may result in a com-
petitive disadvantage of new chemical solutions in comparison with “established” 
high-volume existing substances. The available testing methods cannot cover all 
eventualities. In addition, they frequently produce conflicting results, e.g. with re-

                                                          
116 The term ‘lock-in’ refers to a specific form of path dependency. A change in technology 

is made extremely difficult by such structural consolidation. 
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gard to the long-term and chronic effects of substances or the effect of substance 
mixtures on organisms. A strategy of data maximisation may therefore rather even 
lead to a deterioration of the information situation. In addition there is also a prob-
lem of resources. While the manufacturers of high-volume existing substances can 
easily pass on the costs for such data maximisation also via costly tests by means 
of the product price, the provision of information is a risky investment for the 
manufacturers of small-volume alternatives. A high level of toxicological certain-
ties required by either regulations or the market can thus contribute to a ‘lock-in’ 
for the existing inventory of high-volume substances and thus, if necessary, also a 
reduced level of innovation, by means of which the overall possible potential for 
substitution is not exhausted. 

One example for this volume effect is the hesitant substitution of the plasticiser 
DEHP in soft PVC products117. In this respect the attempt of the Danish environ-
mental authorities to compensate for the competitive disadvantage of substitutes 
by taxing phthalates is also notable. 

Textile dyes are an example of the successful introduction of new substances. 
Clearly positive market impulses appear to have been given due to the publication 
of a positive list (on the basis of the statutory registration information) by the au-
thorities. The market for textile dyes is, however, a market with comparatively 
small market volumes and high market prices. For this reason, the volume advan-
tage of existing substances plays a smaller role. In addition, the “old” dyes are 
now “copied” on a large scale by Asian manufacturers and are exported to Europe 
in high quality or not such high quality (with reference to their hazardous sub-
stance content). 

Hypothesis (4): Inadequate evaluation methods and lack of qualification of 
commercial users prevent an “informed” product choice and increase the 
significance of emotional evaluation elements (e.g. preconception: “water-
based = health and environmentally friendly”) 

In cases where comparative substance data, transparent methods and the quali-
fication of substance users are missing for the purposes of a comparative evalua-
tion, emotional driving forces play an especially significant role in the develop-
ment of markets. This applies to “scandals” relating to substances that are not 
sufficiently founded on scientific facts as well as a “positive image” of certain 
substances or products that are not sufficiently founded on scientific facts. As sci-
entific findings relating to substance effects come up against definite pragmatic 
limits (such as costs, time, manpower), ethical limits (animal testing) and limits of 
principles (innocuousness cannot be ‘proven’ positively, effects of interventions in 
complex and dynamic systems are not predictable), this situation cannot be tackled 
solely by increasing the scientific characteristics. For all actors, but especially for 
those enterprises relying on market success, therefore in addition to ‘clarification’ 
(i.e. the explanation of facts using scientific methods) also a qualified communica-

                                                          
117 The interesting aspect here is however the lead market medicinal products, which was 

especially important for the development and introduction of DINCH as a substitute for 
DEHP.
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tion (comprehending and thus functioning) is important to deal with the “emo-
tional aspects” of chemicals evaluation and risk awareness. 

One example of the effect of such factors is UV inks used in printing, which 
were the subject of a scandal early on, the positive evaluation of ‘aqueous sys-
tems’ and ‘bio paints’, which were evaluated very positively despite their not un-
problematic content of vegetable-based solvents. In addition, the comparatively 
speedy substitution of chlorinated solvents in cleaning processes and formalde-
hyde separators in cooling lubricants can only in fact be explained by the public-
ity-effective scandals relating to ‘chlorinated chemicals’ or formaldehyde. 

Hypothesis (5): Chemical innovation takes place not only “in chemicals”. 
The invention of substance applications and the “sale of advantage” instead 
of substances are also part of it. In addition, even extremely small market 
shares of products with an explicit environmental or health-related quality 
can indirectly become driving forces of improvement innovations in the entire 
market. This means that the real innovation processes in the domain of 
chemicals cannot be recorded adequately either solely by statistics relating to 
new substance registrations or solely by the classic instruments of market 
analysis. 

Innovation in the area of chemicals is frequently reduced to the development of 
new substances. The registration of new substances and relevant market shares are 
thus interpreted as indicators of the innovation activity (or ability to be innovative) 
in various economic areas118. This indicator appears at best to be capable of indi-
cating essential aspects of the innovation history for the area of the active ingredi-
ents (pharmaceuticals and pesticides) and industrial special chemicals. In the ex-
tensive market of industrial chemicals, on the other hand, the “invention” of new 
applications for ‘old’ substances, the reformulation of preparations or the inven-
tion of new chemicals services should play a more important role. 

Application innovations, e.g. also the cross-adaptation of solutions from one 
branch of industry to products or processes in another branch of industry, form an 
important mechanism in the substitution of hazardous substances. This applies 
both to the demand pull as well as to the technology push. An essential reason 
should be in the fact that they are frequently relatively non-capital-intensive. For 
successful substitution of hazardous substances using this method the degree of 
networking between different clusters of market actors and limited legal barriers 
are of considerable significance for the enhancement of substance applications. 

In hazardous substance substitution with a low level of innovation (e.g. substi-
tution of hazardous substances in one preparation for other substances from the 
pool of existing substances and labelling of product as “environmentally compati-
ble”), the market penetration of this alternative product does not have to be a reli-
able indicator for the innovation history in this domain. Even with small market 
shares, the availability of a substitute may act as a driving force for improvement 
innovations for the initial products in each case. 

According to information supplied by the VCI, in the past decades around 30% 
of the substances on the market have been substituted for other substances from 
                                                          
118 Fleischer, M. (2000): Regulation and Innovation in the Chemical Industry 
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the available pool of existing substances or for non-chemical solutions within a 
period of 10 years119.

Important consequences for the formulation of the new chemicals legislation on 
EU level (REACH) and evaluation of its possible effects on innovation are created 
from these correlations: 

A too restrictive definition of the “identified use” of a substance in registration 
may become a constraint on innovation with regard to the development of new 
applications or new preparations. 
The sale of substance advantage, e.g. the sale of x m2 of cleaned metal surface 
on the basis of an arbitrary combination of physical processes and the use of 
various ‘existing substances’, would not have any effect at all as a combined, 
organisational-institutional and substance innovation e.g. in the registration sta-
tistics of new substances. 

Hypothesis (6): The user-related regulation of substances120 alone rarely 
ensures sufficient demand for innovative alternatives, as it depends too much 
on universal execution by the authorities 

The missing basic data sets for existing substances and the legal burden of evi-
dence established with the authorities121 for justifying market restrictions for 
chemical products (harmonised EU legislation) has meant that regulative interven-
tions so far have mainly been by users (on the basis of environmental protection 
and occupational safety legislation, mostly in the form of legislation governing 
minimum standards featuring national scope for impact). Due to the large number 
of participants and substances it has so far rarely been a successful tactic to let the 
regulative impulses for a sufficient number of users become powerful enough in 
order to initiate a relevant demand for lower-risk alternative solutions. Both the 
insufficient interaction of regulation in the form of chemicals legislation (regula-
tive push), on the one hand, and application-related employee/consumer/ envi-
ronmental protection (regulative pull), on the other hand, as well as the unilateral 
concentration of responsibility with the state authorities are all contributing factors 
to the low dynamics of innovation. 

                                                          
119 Dr. Fink, VCI; SubChem Advisory Board meeting in Frankfurt on 14th May 2003. 
120 This area, which we refer to as regulatory pull, includes in particular regulations on en-

vironmental protection, employee protection and consumer protection. 
121 This means the obligation to carry out an extensive, quantitative risk evaluation and 

socio-economic analysis of the alternatives being considered by the authorities with, at 
the same time, a legally and systematically founded lack of information. 
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Figure 18. Regulative driving forces

The interaction of regulative driving forces (regulative push and pull) as well
as the importance of the (limited) official execution can be substantiated well us-
ing the case studies: 

In almost all cases the limits of opportunities for state intervention play a vital
role with regard to the lengthy periods until regulative impulses become effective
on the market. An obvious example is the use of methylene chloride in the field of
handicrafts. To begin with the authorities tried to limit its use by imposing strict 
conditions on its use. The long path to a ban of non “biosoluble” mineral fibres in 
each case and the elimination of nitrosamine formers in cooling lubricants also 
feature among these examples. The development of criteria concerning “banned”
fibre properties or “banned” ingredients of preparations took a considerable time
due to the authorities’ duty to provide proof.

Examples of quickly effective impulses due to user-related regulation can,
however, be found in the area of chlorinated hydrocarbons: the extremely fast de-
velopment in the substitution of chlorinated solvents in Germany (Tri and PER),
however, can only in fact be explained by additional factors (essentially drivers in
civil society). Many actors and drivers played a role here, especially the interac-
tion of several regulative impulses, the after-effects of a Greenpeace campaign
against waste disposal at sea, a trade union campaign on public health, targeted
promotion of research by the state, shared interests of the chemicals industry and
installation manufacturers as well as clear price signals in the area of waste dis-
posal and for clean-up operations on abandoned hazardous sites (in this respect
this is a good example of the ‘multi-impulse hypothesis’ from the FIU research
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project122). The prices for disposal have doubtless also played a part in the rela-
tively speedy substitution of chlorinated paraffins (in cooling lubricants) in Ger-
many. 

Hypothesis (7): The diffusion of innovative solutions can be accelerated 
into a comparative risk evaluation between manufacturers and users by 
agreement on simple and transparent methods. 

In areas where the product users and their manufacturers have agreed on simple 
and transparent methods and indicators for comparative evaluation of the envi-
ronmental and health risks emanating from substances, the diffusion of innovative 
solutions (relatively small level) has been accelerated. 

One example is the GisCode System for chemical construction products and the 
TEGEWA System for textile auxiliary materials. The VKIS list of undesired sub-
stances in cooling lubricants and the VDA list of automotive components must 
also be stated here, albeit with the restriction that these two lists do not offer any 
orientation for evaluation of the substitutes in each case, as certain criteria are 
missing. In addition methods for comparative evaluation, including very differing 
categories of effects (such as climate-toxicology-surface consumption) for the op-
erational level, have so far not at all been put into operation for substance users. 

Hypothesis (8): Environmental and health-compatible substance proper-
ties are at best additional qualities. This is particularly the case in business-
to-business (B2B) markets. These qualities become most relevant for manu-
facturers operating with their products on demand-dominated, saturated 
markets with differentiated quality production (especially business-to-
consumer = B2C) 

The technical functionality of chemical products is the crucial product quality 
in B2B markets. Here especially trouble-free operating cycles and the minimisa-
tion of warranty risks play a decisive role. Environmental and health-related prod-
uct qualities can only become significant for the market in places where the tech-
nical functionality is ensured and also sensitised customers or employees are 
available or where companies take action to secure against scandals and create an 
image. The additional qualities become relevant especially on demand-dominated, 
dynamic markets with short product cycles and differentiated quality production. 
However, on stable mass markets with Fordist structures even minimum price in-
creases or quality changes may prevent innovations or at least delay them for a 
long time. 

Examples, which back up this theory, are the success of the Ökotex 100 stan-
dard, the relative failure of the GISCODE system for paint-strippers and also the 
very limited success of biodegradable mould release agents in the construction in-
dustry.

Hypothesis (9): It is frequently only a small step from a net to a felt. Co-
operation is a constitutive element of the ability to be innovative (beyond the 
enterprise). Horizontal co-operation between a few actors at one stage of the 
supply chain, however, may also be used to constitute blockade cartels, which 
are detrimental to innovation. 
                                                          
122 Cf. the following chapter on this subject. 
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The actors at one stage of the supply chain are able under certain circumstances 
to make implicit or explicit arrangements to prevent or slow down an innovation 
process. It depends on the individual case whether and how this delaying tactic 
pays off from an economic aspect. 

The conduct of the cement manufacturers in the case of chromium cements is 
one such case, as is the continuing resistance of mineral wool manufacturers to the 
introduction of the criteria “biopersistence or biosolubility” for a toxicological 
evaluation of mineral wools. One further example can be found in the case study 
examined in the course of the COIN project. In this example, the joint insistence 
of the three German manufacturers of titanium dioxide on the dumping of dilute 
acid in the North Sea in the early 1980s was ended by the unexpectedly speedy 
movement of one manufacturer123.

Hypothesis (10): Co-operation networks and shared models may be an im-
portant prerequisite for innovation success. 

Communication and co-operation in actors’ networks supports innovations (es-
pecially in vertical communication along the supply chain). Where these factors 
are missing the result may be (undesired) innovation blockades because a lack of 
concurrence, differences in interests of the actors involved or the lack of desire to 
co-operate of individual important players cannot be overcome (negative network 
effects).

Examples of functioning co-operation are partnerships between automotive 
producers, coating and installation manufacturers for the development and opera-
tion of low-emission automotive series coatings and co-operation between the em-
ployers’ liability insurance, IG Metall, lubricant manufacturers and metal proces-
sors in the creation of health-related standards for cooling lubricants. 

Also the Quality Community on mineral wool and the industry regulation on 
low-chromate cement are examples of a co-operation for hazardous substance sub-
stitution that does finally function. The example of UV-drying printing inks, on 
the other hand, does demonstrate under which combination of negative network 
effects in the innovation system the diffusion of a technology can also fail (at least 
provisionally).

Hypothesis (11): The substance users’ ability to be innovative does not 
solely depend on the size of the enterprise, but also just as much on the organ-
isational structure of the enterprises as well as their position in the supply 
chain, for example. 

The leeway and motivations for substituting hazardous substances may indeed 
differ between small and medium-sized enterprises (SMEs) and large-scale enter-
prises. However, neither of the two types of enterprises appears to be more inno-
vative than the other per se. For example, the qualification of employees, the capi-
tal intensity of production, the availability of capital for research and 
development, the type of production and the competition strategy (mass or qual-
ity), the position on the supply chain as well as the corporate culture are at least 
just as decisive. 

                                                          
123 Ewringmann et al, COIN 2002 
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Examples of innovative SMEs, also with regard to hazardous substance substi-
tution, are to be found in the area of small ink manufacturers or manufacturers of 
master batches and compounds. In contrast, the speed of innovation of highly 
capitalised large-scale enterprises with comparatively long product cycles, such as 
in the automotive industry for example, may be limited. The search for substitutes 
for carcinogenic mineral fibres in the field of silencers and exhaust catalytic con-
verters demonstrates, for example, that the relatively long test stages and invest-
ment cycles can hardly be curtailed, but that a potential for optimising decision-
making processes does indeed exist. 

Hypothesis (12): In industries with small structures with limited user 
know-how the business affects the willingness for innovation of the users 
quite considerably. 

In the case of chemical products with a medium level of specialisation for use 
in industries with a small structure and limited user know-how, e.g. in the case of 
cooling lubricants, metal cleaners and strippers, the (chemicals) business plays a 
key role for product marketing and also for informing and advising users. There is 
a high level of user retention to their particular suppliers. In some cases such re-
tention even exists between certain persons. The willingness for innovation or in-
ertia for innovation is determined quite extensively by the industry. 

As far as the SubChem cases are concerned, this theory is confirmed in the case 
of cooling lubricants, mould release agents and metal cleaning. 

Hypothesis (13): The standardisation of products mainly has the effect of 
acting as a restraint on innovation, as the manufacturers tend to secure mar-
ket shares of their existing products by means of standardisation. In contrast, 
standardisation for the procedure of taking into consideration environmental 
and health-related issues (management systems) may indeed have the effect of 
promoting innovation. 

This hypothesis refers to the possibilities and limits of utilising standards and 
standardisation procedures to promote or prevent the substitution of hazardous 
substances. A sub-order was awarded within the scope of the SubChem project to 
this end. As a result it can be stated in a very condensed form that standardisation 
of products rather acts as an obstacle to innovation and is also done too frequently 
with the objective of securing individual competitive advantages for existing 
products in this “private enterprise/regulative” manner. Standardisation (and there-
fore also dissemination, if necessary) of (evaluation) management procedures re-
lating to the environment and health seems to be much more promising and inter-
esting. The ISO 9000 and ISO 14000 series are examples of this. With regard to 
the environmental and health-related quality of products, however, there are still 
major conceptual gaps between the processes of product standardisation (for ex-
ample construction products) in the DIN and CEN committees and the manage-
ment systems on corporate level. For this reason, the application of DIN report 
108 (Guide for the inclusion of environmental aspects in product standardization 
and development) is not compulsory in the work of DIN. 

Hypothesis (14): Comprehensive sustainability innovations can be missed 
by “continuous improvement” in too small stages, e.g. the substantial reduc-
tion of both resource consumption and also toxic risks. 



4.3 Hypotheses as a means of detection and a form of result   107

The chance for a substantial rise in resource efficiency and an effective reduc-
tion of toxic risks can be missed if the market actors concentrate on alternatives 
with a lower level of innovation. Frequently there is a limitation on the side of the 
suppliers due to the limits of the traditional business (plastisol manufacturers do 
not produce underbody hard shells, manufacturers of floor coverings are bound to 
their machinery and can thus hardly switch over to using other materials). 

Examples of such effects are the SubChem cases for the substitution of DEHP 
as a plasticiser in PVC by other phthalates (instead of switching over to underbody 
hard shells), optimisation of formulations in water-soluble cooling lubricants (in-
stead of switching over to minimum quantity lubrication) or the use of water-
based flexographic inks (instead of switching over to UV-drying printing inks). 

Hypothesis (15): The substitution of hazardous substances by less hazard-
ous substances does not always result in an optimisation of resource-
efficiency and the reduction of toxic risks. For example, water-based chemical 
products in (at least partly) environment-open applications do not generally 
entail fewer risks than mineral oil-based or chemical solvents in closed sys-
tems.

The substitution of chemical solvents by water in paint and coating systems and 
also in cleaning processes creates complex evaluation issues, as the number of the 
various chemical components contained in the corresponding products generally 
increases. In addition, the release of persistent substances into the aquatic envi-
ronment tends to be favoured by this. This therefore raises the question for assess-
ing two suitable strategies: containment of known hazardous substances in closed 
systems or substitution of the mobile solvent by complex water-based systems that 
are scarcely evaluable from a toxicological aspect. 

This hypothesis can be illustrated, for example, on cooling lubricant emulsions 
as well as water-based coating and cleaning agent systems. 



5 Developing the model  –  being innovative in an 
innovation system 

The attempt to live up to the complex innovation history using an approach based 
on a theoretical system already has a very longstanding tradition. However, until 
now innovation research was dominated by concepts of innovation systems, which 
either referred to regional units124 or to certain branches and/or technology clus-
ters125. The innovation systems we chose to examine are the supply chains. In most 
cases, these innovation systems cover several branches and also different regional 
levels. A simple model of this innovation system was developed early in the re-
search process (cf. Figure 5). The aim of this model was to create a structure for 
the framework conditions, the participating agencies, and their options for influ-
ence. While the case studies were being processed and on the basis of the derived 
hypotheses, this initial model was embellished by numerous critical factors and 
elements (cf. Figure 19). The most important additions were the influence of pub-
lic interest groups, some options for influence by the state institutions which went 
beyond regulation, as well as distinctions between the various types of market and 
competition. 

                                                          
124 Regional or national innovation systems cf. Freeman; Lundvall 1988, Porter 1990, Nel-

son 1993, Edquist 1997, Braczyk 1998 
125 Cf. Breschi; Malerba 1997, Malerba 2002 
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Figure 19. Operation process of model development 

5.1 The framework for an innovation system 

A closer examination of the case studies reveals the extreme complexity and inter-
linked nature of the processes in an innovative system. Determining, which were
the decisive factors that were manifest by a particular example of substitution,
tended to be irresolvable in view of this complexity. A top-down analysis of the
systems view of the simple model assists in orientation. In addition, some phe-
nomena that are important for innovation processes can only be revealed from a
systems view, e.g. system inertia and ‘system ambience’, which is frequently re-
ferred to as the ‘innovation climate’. Decisively, phenomena such as ‘emergence’
are only discernable at a systems level. Emergence is of central importance for the
comprehension of innovation processes, where ‘development of a new element’ is 
the core feature. Emergence means that a novel, unpredicted and usually complex
feature is ‘produced’ in the system (or by the system) which no individual con-
tributor had planned or could conceivably plan. In most cases, new elements can
neither be commanded ‘externally’ nor can they be ‘negotiated’ in a discourse be-
tween the participants from their established interests. Creativity is required here,
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and not just the creativity of individual agencies, but rather the creative interaction 
of the several actors in the innovation system126.

Our interest initially centred more on the flexibility rather than the ‘creativity’ 
of the innovation system, with the objective of better comprehending why some 
substitution processes are so interminably tedious, or do not progress at all, and 
why other substitution processes are executed comparatively quickly. The driving 
forces and barriers to substitution of hazardous substances were, at times, attribut-
able to the specific case, the protagonists and agencies involved, their motives and 
opportunities for action. At other times, the failure was inherent to the system and 
the constellation of actors within the imposed framework. In the case studies, 
‘promoters’ could be detected as well as ‘opponents’, who block substitution ap-
proaches categorically. For example, the insistence of the concrete industry on us-
ing chromate-contaminated cement is similar to a cartel. Similarly, the persistence 
of paintstrippers containing methyl chloride is bolstered by the manufacturers, 
with their economic interests, as well as by the professional and DIY user com-
munities, with their interest in ‘speedy and technically effective work’, so that all 
parties have become ‘immunised’ against the high incidence of fatal accidents 
through improper use. In the majority of cases, a stalled innovation process ap-
peared not to be actively ‘impeded’. Rather it simply came to a ‘standstill’ and any 
direct ‘opposition’ could not be held responsible. 

5.1.1 System inertia as the main barrier 

The most significant barrier to innovation is ‘system inertia’. Generally speaking, 
interested parties with comparatively significant opportunities for influence – at 
least within a ‘non-repressive’ framework – have to interact to generate ‘move-
ment in the system’. The recognition of ‘system inertia’ as the central barrier to 
innovation does tend to create an impression of powerlessness and futility. How-
ever, ‘system inertia’ should be recognised as the starting point for further and 
more differentiated examination. Detailed knowledge of essential factors, or rec-
ognition of an internal ‘system logic’ that could contribute to the inertia, already 
supply a perspective for a remedy. The ascertainment of contributory factors to the 
system inertia provides insights about path dependencies and technological ‘lock-
in’127. Another specific form of system inertia is constituted by investment cy-
cles128. And finally it was ascertained that many innovations initially arose outside 
established innovation systems (and also outside large enterprises), to all intents 

                                                          
126 The systems approach has proven to be productive not only in innovation research but 

also in research into technology development (Technikgeneseforschung). It has super-
seded the previously predominant historiography, where the activities of ‘brilliant’ scien-
tists and ‘outstanding’ engineers were recorded in succession along the more or less lin-
ear path of ‘technical progress’, cf. e.g. Bijker et al. 1987, Mayntz; Hughes 1988, 
Kowohl; Kron 1995, Weyer 1997 and 2003. 

127 Cf. David 1985 and 2000, Nelson; Winter 1982, Bijker; Hughes; Pinch 1987 
128 Erdmann 1999 
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and purposes ‘avoiding’ the corresponding system inertia. Transformation strate-
gies in keeping with the system complexity or the system type are thus needed. 
Time strategies, which have recently been the subject of much discussion, with fo-
cus on the opening and closing of windows of opportunity, are important varia-
tions of this approach129.

‘System inertia’ is not fixed but is being continuously modulated by various 
factors. From experience with the exemplified cases, two aspects require high-
lighting that have been discussed infrequently to date. These are the level of inno-
vation (i.e. the degree of novelty, the size of the step, the change in trajectory, the 
fundamental as opposed to the incremental innovation) and the complexity of the 
innovative system (both with regard to technical, organisational or system innova-
tions, and also regarding the aspects of substance, process or product innovation 
and/or innovation of the complete system). The importance of system inertia in-
creases significantly both with the level of innovation and the complexity of the 
innovation system, i.e. the number of involved parties, to be motivated. At first 
glance, both phenomena are only partly interdependent. Frequently, a major inno-
vative change presupposes the interaction of a large number of interested parties. 
In other cases, a small group can create innovation outside the established ‘sys-
tem’ and shape the innovation process ‘externally’. Even introductions of aqueous 
cleaning systems and of biodegradable concrete mould release agents, in spite of 
being niche products, eventually resulted in extensive innovative improvements to 
the products on the main market. The innovative transition can be smooth or con-
voluted. The substitution of CFC was reasonably facile, in which only one sub-
stance was substituted within an application system requring little adaptation. In 
contrast, our examination of the shift from organic solvents to water-based coat-
ings in the automotive industry demonstrated that entire supply chains had to be 
reorganised and production installations converted. This dichotomy could be ob-
served in another of the case studies covering the use of ‘plasticisers in car under-
coating’. The comparatively ‘simple’ substitution of DEHP by DINP (both high-
volume substances) in the undercoating PVC Plastisol was achieved within a few 
months and without any extensive technical conversions. The more drastic substi-
tution of PVC Plastisol by a plastic hard shell would incur a new underbody de-
sign and the search for new suppliers, as well as modification of the coating and 
assembly processes. This major step is more appropriate to a change in model (and 
thus linked to the investment cycle) and has only been partially implemented, even 
though it has existed as an alternative for more than five years. 

In our experience it is not the target or the motive for innovation that contrib-
utes fundamentally to the flexibility or inertia of innovative systems, but rather the 
level of innovation. In accordance with our experience, hazardous substance sub-
stitution does not differ from other innovation processes that are driven by more 
economic or technical factors. Even comparatively simple substance-related inno-
vations are not undertaken just to reduce risk. It is usually a technical matter of 
formula optimisation or a substitution of raw materials that has become too expen-

                                                          
129 Cf. e.g. the texts in the theme ‘Transition strategies’ in: Ökologisches Wirtschaften 

2/2004
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sive for various reasons. And for many of the cases we examined, the innovations 
for reducing substance-based risks were, upon closer inspection, designed for the 
purpose of securing market positions (or ‘brands’). In this respect, innovative sys-
tems for the substitution of hazardous substances do not appear to differ from any 
other innovation system.

5.1.2 Competition as the main driving force 

As an interim finding, it can be stated that the substitution of hazardous substances 
is like all innovative systems in having to combat system inertia. Innovations are 
desirable, but their success is compromised by system inertia. Nevertheless inno-
vations continue to occur, implying a strong ‘driving force’ behind them. It is 
unlikely that a driving force strong enough to  produce the power and the immense 
coordination capacity needed to set an innovative system in motion can be pro-
duced by a single institution or interested party. The driving force is as highly 
placed in the ‘systems’ level as system inertia. The strongest ‘systems’ driver is 
simply market competition. And market competition is not only motivated by suc-
cess (e.g. the conquest of new markets as is usual with innovations) but also by the 
avoidance of losses. Stagnation is not synonymous with ‘maintenance of the status 
quo’ in a dynamic system but a reflection of deficiency and regression. In a dy-
namic competitive environment, companies (and the innovative systems in which 
they are involved) are forced to be creative and innovative just to maintain the 
status quo. Competition may be the driving force, but the ability to be innovative 
depends critically on the framework in place, the architecture of the innovative 
system, the specific participants and their opportunities for influence130. Those 
who cannot develop the relevant capabilities are forced out of the market. 

If system inertia is the greatest barrier to innovation and if competition is the 
strongest driving force to overcoming it then innovation research should be de-
voted to the study of these two systems phenomena. This is meant not concerning 
such general observations, but in terms of differentiated examinations of the in-
sightful opportunities which they offer to redesign the system. The competitive 
situation between companies – and now no longer only companies, but rather the 
entire supply chains and systems of innovation – is quite different in various mar-

                                                          
130 It is too presumptuous to recommend that the promotion of competition should be intro-

duced as one of the most important measures to drive innovation. Competition is a deci-
sive motor, but it tends only to increases the pressure and cannot always improve the ca-
pability for innovation at the same time. In some cases, ‘havens’ appear to be important 
for the development of innovation. It is no coincidence that the application areas of the 
military, medicine and sport are highly significant areas for technical innovation. In these 
areas, the cost push tends to be secondary with the result that technical effectiveness can 
be concentrated on fully, at least for some of the time. The concept of ‘regulatory in-
duced’ initially limited ‘lead markets’ for environmentally friendly innovations also re-
fers to such learning areas where new ideas and concepts can develop first of all (cf. on 
this latter subject e.g. Beise, Rennings 2003). 
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kets. In addition, much evidence indicates that competition as a whole is becoming 
more intensive as globalisation progresses, with market saturation and the appear-
ance of new competitors contributing significantly. 

However, it is not only the intensity of competition but also the type of markets 
and the quality of competition in such markets. In the absence of a scientifically 
based alternative, we considered two idealised market types initially: 

the ‘Fordist mass market’ – supply dominated, rather unsaturated, always uni-
form and stable, with prevailing price competition and lengthy product cycles, 
and a ‘diversified quality market’ 
the ‘quality market’ – demand-dominated, saturated, fragmented, dynamic and 
with shorter and shorter product cycles, and a strong dependence on ‘brand 
strategies’131.

Even on the basis of these very rough distinctions, the possibilities for action 
and restrictions on action for companies can be better comprehended in the case 
studies, by looking at the markets in which they are active. These competitive 
conditions constitute a broad scope for impact and ‘vulnerabilities’ for companies 
or supply chains with regard to external factors that are closely related to effects 
arising from their position within the supply chain.  

The manufacturers of a mass product that is far from the end-user, such as ce-
ment or concrete, are under extreme price competition and slightest changes in, 
say, the cost structure can be decisive. Elimination of ‘water-soluble chrome-VI 
compounds’ that cause chromate-induced eczema would only increase the price of 
the product minimally. And even if the severe price competition did in fact permit 
this increased margin (which is highly probable in this example), there has been 
no significant innovation push. Unfortunately, this occupational disease is hardly 
perceived by the public and the costs incurred by this type of eczema evidently 
can be externalised by the cement industry (and covered by the employer’s liabil-
ity insurance). 

However, automotive manufacturers, who practise proximity to the customer 
and are also known to be involved in very intense price competition, have long 
since undertaken action to remove certain hazardous substances from products and 
also from the production process, although their customers are generally unaware 
of or are less unconcerned by these substances132. End customers will not pay an-
other cent for this and automotive manufacturers are involved in an extremely in-
tense international competition. In order to distinguish themselves, to increase 
confidence in their products and to retain their customers, car companies pursue a 
brand strategy and are thus extremely vulnerable to ‘scandals’, in the press and in 
public. Proximity to the (end) customer, brand strategies and listings on the stock 
market, considerably increase the ‘vulnerability’ of companies to ‘negative head-
                                                          
131 The sources of this distinction were e.g. Piore; Sabel 1984, Freeman; Perez 1988, Streek 

1991, 1992, Hollingworth; Boyer 1997. We did not have the time nor the resources for a 
more detailed analysis and differentiation of these ‘market types’. 

132 The latter is especially true for our case studies involving agents auxiliary to a process , 
i.e. cooling lubricants, metal cleaning agents and substances in products for the end-user. 
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lines’ caused by their behaviour. Companies controlled by these competitive pres-
sures cannot afford to adopt the same ‘callousness’ as the cement industry. 

In dynamic systems that are becoming more and more complex (not least be-
cause of shorter product cycles) orientation is also becoming more and more diffi-
cult for both product suppliers and also for product purchasers. Risk communica-
tion along the supply chain is therefore also gaining in significance. Transaction 
costs are increasing for all parties involved. The building of confidence would 
pave a way for reducing complexity and transaction costs. Indeed, brand strategies 
rely on this principle! However, confidence has to be earned. Legitimatisation 
through transparency, traceability of decisions, and integration of the precaution-
ary principle (legitimatisation by procedures) would be the ways to earn this con-
fidence. 

5.1.3 The power of scandal 

One major player and systems driver has proven to be especially powerful in 
many cases. It is the role of publicity, the media and public interest groups and 
they deserve particular attention. Scandals and scandalmongering are among the 
most effective drivers for the substitution of hazardous substances. In some cases, 
public debates have influenced the state institutions as well as the more usual 
commercial interests. 

A particularly apposite example is the campaign on the use of cleaning agents 
for metal surfaces (cf. chapter 4.2.1). Between 1980 and 2000, numerous public 
debates were concerned with chlorinated chemicals, the burning of chemical waste 
at sea, the negative effects of CFCs on ozone, and PER (which diffused from 
chemical cleaning agents into adjoining housing). A trade union campaign tar-
geted noxious solvents and another discussion implicated VOC as the precursors 
of summer smog. Each issue fell to the onslaught, resulting in an impressive series 
of attempts at regulation at both national and EU levels. Substitution took place 
comparatively quickly, although the innovative system was anything but ‘simple’. 
In particular, the area of metal cleaning is extremely complicated, varied and 
complex133.

These examples demonstrate that public interest groups (i.e. trade unions, con-
sumer protection and environmental protection organisations) can use their power 
to create scandals and influence companies directly, as well as affecting state 
regulations. The avoidance of scandal thus becomes an ever more important mo-
tive for companies and regulatory institutions, in accordance with the precaution-

                                                          
133 With regard to the direction of innovation, doubts are also present concerning the expe-

diency of some substitution intitiatives. The guiding principle (Leitbild) of ‘aqueous 
and/or water-based systems’ suggested a particular route that did not always withstand 
scientific examination. In some cases a contained application of knowingly hazardous 
substances, which are clearly recognised and treated as such, would be preferable to a 
semi-open use of aqueous systems in which the problems are frequently underestimated 
(e.g. the use of biocide for microbe stabilisation or non-biodegradable components). 
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ary principle134. The omnipresent creation of quality control systems within enter-
prises and beyond is a direct consequence of the increased involvement of the 
public, the media and consumers. 

It can be stated as a generalisation that ‘historic’ or ‘innovation cultural’ and 
‘institutional’ aspects play an important role (and supposedly also one that is gain-
ing in importance) for comprehending innovation events135. This conclusion is 
reached, for example, if we examine by way of summary the stated distinctions of 
the main obstacle system inertia (such as path dependency, investment cycles, 
complexity of the innovation system and level of innovation) as well as the dis-
tinctive features of the main driver competition (such as competition or market 
type and especially the role of the public). Case studies doubtless have an impor-
tant function for comprehending these elements and developments. On the basis of 
such studies the innovation system model can also be improved and developed 
further (cf. Figure 20). 

State institutions also possess additional factors, in particular the internalisation 
of external costs, opportunities for the promotion of targeted research and also the 
‘soft’ instruments of information and moderation. Their ability to ‘define objec-
tives’ has already been discussed, e.g. by formulating a ‘national chemicals strat-
egy’ and especially by promoting research according to guiding principles. Tech-
nology push, research and development of substance and technical possibilities 
(new substances, products, processes and application systems) played a rather 
subordinate role in our case studies. We were primarily concerned with innova-
tions that were developed as the result of a new combination of existing sub-
stances, i.e. truly new substances did not occur. This was partly due to the criteria 
of case choice, covering representative problems of occupational safety and envi-
ronmental protection, different types of company, enterprise size, products, proc-
esses, markets, etc.136. In the past three decades of the 20th century “New sub-
stances” actually played a more subordinate role in innovation within the German 
Chemicals industry and the branches of users. Innovations in the latter third of the 
20th century were generally highly creative new combinations of existing sub-
stances137.

                                                          
134 This is probably a fundamental driver for the present REACH process at EU level. 
135 Cf. the hypotheses used in the work of the research network ‘Innovation culture in Ger-

many’, http://www.lrz-muenchen.de/~innovationskultur/ 
136 As usual, however, they were also determined pragmatically by factors such as (enter-

prise) access opportunities and the project members’ existing knowledge of the particular 
subject involved. 

137 Cf. Grupp et al 2002, Domingues-Lacasa et al 2003. 
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Figure 20. Interrelationship between the framework conditions, influential factors and ma-
jor players: differentiated model of the innovation system

An additional important differentiation is required concerning the changing
demand conditions on the markets, such as for example the shift away from mass
production to a diversified quality production.

The constellations of actors in the supply chain vary between comparatively
simple and linear structure with few actors, and highly networked and complex
structures. Two basic types of innovative system and innovation level complexity
can be deduced and to which each of the 13 case studies of the SubChem project
can be assigned. As an ideal type:

comparatively simple and straightforward systems are differentiated, in which
the cause-effect relations can be assigned clearly to individual participants and
their range of instruments: The cases cement, mineral fibres, concrete mould re-
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lease agents are most in keeping with this type. Here it is frequently only a 
question of substituting a particular substance and thus maintaining the techni-
cal performance of the product for the commercial user. 
at the other end of the scale are highly complex and dynamic innovation sys-
tems, in which only the interaction of a large number of vested interests, fre-
quently from the most diverse company and social backgrounds, can produce 
innovations, which could not be predicted or have been planned (emergent fea-
tures). This type comprises mostly those cases where the perception of future 
consumer wishes plays an important role, the supply chains are part of a global 
network, there is no obvious system leader or the chemical products are inte-
grated in complex process chains. One example of this is the textile chain. 

If this approach to type characterisation can be successfully differentiated fur-
ther, an instrument for structuring innovation processes can be developed. 



6 Dealing with lack of knowledge and 
uncertainties – a task for risk management 

Development of a model and a more profound comprehension of the complexity 
of an innovation process can help improve the ability of an innovation system to 
be innovative. It cannot provide orientation, nor ensure that the direction of an in-
novation is appropriate. This is the preserve of the evaluation processes, which 
also must cope with knowledge gaps and the unavoidable uncertainty involved in 
any innovation. 

6.1 Direction of innovation – dealing with uncertainties 
and lack of knowledge 

Innovation and risk are inseparably interlinked and this feeling of uncertainty is 
one of the most significant barriers to innovation. A successful innovation system 
has therefore to develop a rationale for dealing with incomplete knowledge sets 
and the remaining uncertainties in an appropriate way. One self-evident ‘solution’ 
for any problem of uncertainty is the acquisition of more knowledge to improve 
insight into the system, and this will always occur as far as is possible. However, 
knowledge gain does not really resolve the problem - it simply makes it more or 
less tangible. An improved and more accurate examination of substances with re-
gard to their toxicological and eco-toxicological effects is incorporated into the 
REACH initiative for existing substances beyond a certain production volume. 
But data accumulation takes time and this will only be a minimum data set. 

Practical limits to knowledge acquisition include the limited resources available 
for examining substances (i.e. funds, time, suitably qualified personnel) and ethi-
cal problems (animal testing). In addition to the pragmatic acceptance of ‘not yet 
knowing’, recognition of the fact that ‘never ever knowing’ plays an important 
role and must impose a practical limit. The multitude of substances, the exponen-
tially greater number of possible exposure scenarios and ways of operating, and 
the relative inability to make forecasts about the possible interactions of very dy-
namic and complex systems after substance addition138 emphasise the limits of 
these datasets. 
                                                          
138 In view of this situation, the ecosystem researcher Holling refers to ‘inherent unknow-

ability’, cf. Holling 1994. The question as to whether, and to what degree, the relative 
lack of knowledge about possible toxic and especially eco-toxic potential effects of 
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Innovation always means dealing with uncertainty. Also the substitution of 
hazardous substances cannot be based solely and not even primarily on knowledge 
about eco)toxicological effects. Putting the precautionary principle into practice 
within risk management is at least as important as improving knowledge about the 
effects of substances or improving the means of acquiring that knowledge. 

We had originally planned to formulate an improved system for chemical as-
sessment and evaluation, by taking all dimensions of sustainability into account 
and with the avoidance of simply shifting the problems. However, we in the Sub-
Chem project resolved to develop more appropriate forms of dealing with defi-
ciencies in knowledge and better ways to put the precautionary principle into prac-
tice.

These, like hazardous substance substitution, are part of risk management and 
thus the project focus on managerial solutions, in particular on precautionary 
based risk management. Two approaches turned out to be particularly promising: 

1. the development and formulation of substances or chemicals, technologies and 
application systems determined by guiding principles (e.g. the principle of in-
trinsical safety), and 

2. integration of the issues involved in occupational health and safety, consumer 
and environmental protection in quality management at the individual company 
level as well as along the supply chain. 

6.2 Putting the precautionary principle into practice 

Strategies to reduce risks emanating from hazardous substances should not be re-
stricted to the substitution of a hazardous substance by a (hopefully) less hazard-
ous one. A more useful approach is to consider the particular application and to 
consider alternative resolutions to the perceived problems. The problem could be 
solved either by substance substitution or by other measures, such as design modi-
fication or system process changes139.

                                                                                                                                    
chemicals has declined in real terms, as a result of both scientific research and the sys-
tematic processing of ‘negative experience’ over the past decades, can hardly be an-
swered conclusively. On the one hand, hope for a ‘learning curve effect’ is not unwar-
ranted. The many negative experiences over the past 50 years may not simply be 
extended into the future as quasi naturally constant ‘potential surprises’. On the other 
hand, ‘new substances’, ‘new application systems’, new technologies, such as nanotech-
nology, or quantitative rises in emissions of well-known substances, repeatedly present 
opportunities for new and surprising effects. Synergistic and multifactor effects are also 
especially difficult to detect, as chemicals possibly only play a role as promoters, as are 
effects that occur over several lengthy chains of effects or with considerable delays. 

139 One example is protection of wood by changing construction measures or various strate-
gies for reducing unwanted germs in foodstuffs. Physical strategies of sterilisation or 
stringent hygienic practices in the production and processing of foodstuffs can replace 
the addition of preservatives. 
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Extending the search range to a function-related and not only a substance-
related approach opens up new and interesting perspectives. Unfortunately, it does 
not always compensate for lack of knowledge. ‘Trial-and-error strategies’ are an 
option, but a responsible strategy requires the imposition of a reasonable boundary 
to the search space. Trial-and-error has its limitations where the risk is too great at 
any one time, i.e. in extreme cases where global or irreversible effects may ensue 
as the result of a single trial or error. This was and still is the case for technologies 
with an extremely high level of impact, such as nuclear energy, where waste stays 
radioactive for almost an eternity, but also in the release of self-reproducing, ge-
netically manipulated organisms. Similarly, the massive release of persistent or-
ganic pollutants (POPs) or the irrecoverable leakage of heavy metals from ores are 
some of the high impact cases in which a trial-and-error strategy is prohibited. 

But even a small-scale trial-and-error strategy has to be organised within soci-
ety. As discussed in the previous section, innovations are rather improbable and 
disadvantaged by structural frameworks. Innovations depend upon freedom for 
them to be developed. At the same time safety barriers have to be formulated 
within which the search process can move freely. For example, possible environ-
mental effects must be anticipated, necessitating controlled release in small incre-
ments and ‘retrievability’ must be ensured. Quantitative and qualitative restric-
tions must be imposed so that retrieval and repair options can still be effective if a 
trial is aborted. This approach is more successful if the persistence and spatial 
range of a chemical is low140 than for persistent chemicals like CFCs and PCBs. 
This requires that limited ‘learning spaces’ or ‘experimentation spaces’ have to be 
created intentionally under technical and economic risk considerations. Small in-
crements and a steady increase are to be preferred, accompanied by intensive 
monitoring of detectable consequences. 

With ‘reflexive modernization’141, a more rational way of dealing with uncer-
tainty and lack of knowledge is possible than with trial-and-error. An important 
approach exists in the ‘characterisation’ of substances or technologies. Assess-
ments of effects essentially rely on knowledge obtained from three areas: knowl-
edge of the triggering ‘agent’ (substance, technology), knowledge of the applica-
ble target system (the exposed organism or ecosystem), and a scientifically 

                                                          
140 The concept of ‘persistence and spatial range of environmental chemicals’ describes a 

type of product or process that is designed so that undesirable long-term effects far from 
their original place of use cannot occur. Spatial Range is the counterpart of the persis-
tence that describes the spatial extent of a chemical’s distribution in the environment. It 
is used in combination with the persistence as an indicator of a chemical’s potential for 
causing widespread and long-lasting exposure. Cf. Scheringer 2002 

141 Cf. Beck 1996, p. 289ff. Beck highlights the secondary consequences of modernization, 
especially the dangers and risks related to unexpected consequences or through lack of 
knowledge. Reflexivity thus refers to the reflexivity of modernity and/or modernization 
to themselves. Cf. work within the scope of Sonderforschungsbereich 536 
http://www.sfb536.mwn.de/ promoted by the Deutsche Forschungsgemeinschaft (Ger-
man Research Foundation), especially in the area ‘Political Epistemology of Uncertainty: 
Knowledge, Lack of Knowledge, Rationality’, Lau; Böschen 2001 pp. 122-136. 
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substantiated impact model, which explains how accurately the agent affects the 
target system (e.g. biological impact measures such as carcinogenicity and repro-
ductive toxicity, or environmental such as detriment to climate, etc.). If both the 
target system and also the impact model are still unknown, characterisation of the 
agent still remains as a starting point for implementation of the precautionary 
principle. Characterisation of the agent (referred to as ‘hazard characterisation’ in 
toxicology) can already provide indications of an effect spectrum, even when the 
target systems and the precise impact model are still unknown. So the release of 
chemicals demonstrating certain (bio)physical properties, which are e.g. both per-
sistent and mobile in various environmental media, and if need be still bio-
accumulative, is contrary to the demand for small increments and/or retrievabil-
ity142. On the basis of a constantly developing understanding of various effector 
mechanisms at the molecular level, it is now possible to predict a spectrum of ef-
fect (QSAR)143 from examination of chemical configurations within a limited mo-
lecular series. 

This knowledge can be employed not only for the impact assessment, but also 
in a much more targeted way for development and design of substances and tech-
nologies. Substances and technologies do not simply exist - they are developed 
and designed by the contributors to the innovation system. Consequently, applica-
tion of the precautionary principle must not be restricted to dealing with ‘ready-
made’ chemicals and technologies. Environmental and health compatibility can 
and should be included in their development and formulation. 

6.3 Substance development and technology design 
directed by guiding principles 

Guiding principles play an important role in the development and design of sub-
stances and technologies; this is demonstrated by the results of innovation re-
search and research of technology development (Technikgeneseforschung)144.
Ideas can be developed and illustrated for how an ‘ideal solution’, an ‘ideal sub-
stance’ and an ‘ideal application system’ would be manifest under certain frame-
work conditions using guiding principles. Such idealised perceptions also provide 
the converse - of what should be avoided under all circumstances. If it were possi-
ble to formulate (more or less explicit) successful guiding principles in respect of 
chemicals and application systems and their influence, either on further interpreta-
tion or the development of new guiding principles, this would open up a very in-
teresting area of action for design options and for application of the precautionary 

                                                          
142 This is also accounted for in the planned EU chemicals regulation. Substances that are 

very persistent and very bioaccumulative can be introduced subject to authorisation, even 
when there are no scientifically based indications of (eco)toxicological effects. 

143 QSAR = quantitative structure activity relations, cf. e.g. Jastorff, Störmann, Wölcke 
2003

144 Cf. e.g. Dierkes et al 1992 and Dierkes 1997 
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principle. The fundamental effectiveness of a guiding principle is hardly ever 
questioned, even when the empirical proof of their effect is rather rare and, in fact, 
very difficult145. It is still unclear whether, and to what extent, a guiding principle 
can actually be employed in a “targeted and quasi instrumental way” to influence 
or shape technologies146.

Anyone wishing to influence and design innovations using a guiding principle 
must attempt to comprehend the effective prerequisites and modes of operation of 
those guiding principles that were successful. They are effective by motivating, by 
constituting a group identity, by coordinating and synchronising the activities of 
the individual participants, by reducing complexity and by structuring perception. 
The most important prerequisites for effectiveness also include their pictorial qual-
ity and emotionality, their orientating function as well as their reference to wishes 
and feasibilities likewise147, in short, their ability to create a response in the 
awareness of the involved parties148. The pictorial quality reinforces a vivid im-
pression and a reduction in complexity. Recognition of feasibility is important in 
distinguishing and rejecting “unrealistic” visions of utopia. Practical starting 
points should be provided. A guiding principle such as ‘sustainable economic ac-
tivity’ could, therefore, be too complex, too abstract and too defensive. The often 
discussed guiding principles at the strategic level, such as resource efficiency, suf-
ficiency and consistency are also too abstract (i.e. incorporation of the social me-
tabolism in the natural metabolism)149. Guiding principles related to human needs 
could be more effective, such as the guiding priciple “Sustainable Building and 
                                                          
145 Cf. Hellige 1996. For basic innovations guiding principles seem to be particularly im-

portant, in the stages prior to technological lock-in to a path and at times of upheaval 
prior to imminent technological changes in direction. 

146 Cf. e.g. Mambrey et al 1995; Hellige 1996; Meyer-Krahmer 1997; Kowol 1998, Blättel-
Mink 1997 

147 Dierkes et al. 1992 also point out an interesting parallel between the type of innovation 
in areas characterised by either technology push or demand pull. Guiding principles play 
an important part in both types of innovation, i.e. both in the further development of 
technical options and also in the development and formulation of social requirements and 
the problems to be resolved. 

148 For the points “pictorial quality”, “reduction of complexity”, “structuring of perception”, 
“motivation”, “creation of a group identity”, “co-ordination and synchronisation”‚ “rela-
tion to feasibility” and “preferred instruments and typical ideal solutions”, numerous in-
teresting overlaps occur between ‘guiding principles’ and Thomas Kuhn’s concept of 
paradigms (cf. Kuhn 1975). 

149 Consistency in this context should be comprehended as the qualitative and quantitative 
incorporation of the socio-technical metabolism in the natural metabolism (cf. Huber 
2001). This can take place both by opening the substance and energy flows of the techno-
sphere in relation to the ecosphere (e.g. by shifting to regenerative substance and energy 
sources and by conforming to the biological and photochemical degradability of sub-
stances) and also by a particularly effective delimitation of the technosphere vis-à-vis the 
ecosphere. The latter must be realised by means of “closed” applications and effective 
containment or by recycling that is as far-reaching and as high-quality as possible, cf. e.g. 
McDonough/Braungart 2002. 
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Living” outlined by the Enquete Commission Protection of Humanity and the En-
vironment (cf. Enquete Commission 1997) or guiding principles at a medium level 
of implementation and operation, such as ‘closed-loop material streams’, bionics 
(nature as a model) or ‘green chemistry’ and ‘sustainable chemistry’150.

In the discussion of guiding principles with a view to reducing risks emanating 
from chemicals, a general consensus emerges that substance quality, application 
context and substance flow are the vital basic elements in a substance-related 
guiding principle. A capability for ‘systems learning’ must be added as an essen-
tial element, particularly in the acceptance of the intrinsic uncertainty in forecasts 
about developments in the possible effects of substances, necessitating a plan of 
action for dealing with them. This overall (and still quite abstract) guiding princi-
ple could be formulated as “Learning systems which approach a qualitative and 
quantitative concept of industrial metabolism” (meaning the metabolism between 
the ecosphere and technosphere).

6.4 Managing quality at the level of the supply chain151

The possibilities for extended risk management are not exhausted in the options 
arising from the use of guiding principles in the development and design of sub-
stances and technologies. The clarification of responsibilities and decision-making 
processes, in enterprises and along the supply chain, also plays an important role. 
Previously, occupational health and safety, environmental protection and con-
sumer protection were overseen in separate corporate management systems. Cur-
rent trends show a movement towards an ‘integrated’ management system that 
takes several aspects into account at the same time. However, an integrated quality 
management system of this type may no longer stop at corporate boundaries and, 
increasingly, it has to incorporate the entire supply chain. This is especially impor-
tant for companies and supply chains that are especially vulnerable to public scan-
dals and that operate close to end-customers or pursue a brand strategy. For more 
and more enterprises located in Germany, market opportunities are restricted to 
quality-based products and services because of competition from low-wage coun-
tries. The concerted development of confidence required for customer retention, 
and for access to the ‘premium segment’, does require considerable investment in 
quality assurance. The avoidance of scandals, liability suits or recall actions, 
which dent reputations, have now actually become an important driver. The inte-
gration of occupational health and safety, environmental and consumer protection 
into quality control at the level of the supply chain is especially promising – but is 
also very demanding. In view of the demands for more quality by consumers and a 

                                                          
150 Cf. Ahrens, von Gleich, 2002, and also http://www.sustainable-chemistry.com/ 
151 Cf. the contributions and findings within the scope of the relevant SubChem workshop 

in Chapter 6.5 
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greater willingness to file liability claims, the insurance companies are becoming
increasingly important initiators in this area152.

6.5 Evaluation of the workshops on extended risk 
management

As part of the SubChem project, two intensive workshops were conducted with
the aim of learning from the experiences of scientists, companies and official insti-
tutions (cf. lists of contributions and participants in Chapters 6.5.1 and 6.5.2). The
place of the workshops in the overall process is illustrated in Figure 21.

The subjects of the two workshops were:

“From recycling management systems to sustainable chemicals – guiding prin-
ciples in chemicals development and substance policy“ with the sub-title “The
development of solution strategies for rationally dealing with lack of knowl-
edge with particular reference to guiding principles” and also
“Quality and risk management – approaches at integrating environmental and
health aspects in the corporate management”.

Preliminary
hypotheses

Workshops
• guiding principles
• management systems

13 case studies
• questionnaires
• documents

Advisory group
• thematic meetings

-project partner

Model of
innovation system

Stock of hypotheses

Ergebnisse

Stock of hypotheses

13 case studies
• questionnaires
• documents

Model of
innovation system

Figure 21. Workshops in interaction with the model and development of hypotheses

152 Dr. Volker Kraus: Risk management from the view of the reinsurer; contribution to the
workshop on Quality and Risk Management held in Hamburg in October 2003. 
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Both workshops were ultimately concerned with the question as to whether and 
to what extent the existing corporate management systems (occupational health 
and safety, environmental protection, product safety, quality management) can 
continue to be developed, so that risk management based upon guiding principles 
(e.g. “application-safe products” as a target perspective) can ensure that the inevi-
table knowledge gaps can be made practically manageable in chemicals evalua-
tion.

6.5.1 Workshop “From recycling management systems to 
sustainable chemicals – models in chemicals development 
and substance policy” 

Question 

In many of the case studies, emotional drivers were identified that affect innova-
tion processes, especially if uncertainty about effects exists through lack of 
knowledge. The subject of this workshop was to determine the effect of more or 
less explicit guiding principles on the interested parties and their contribution to 
sustainable development. 

Decisions in research, development and innovation processes are always taken 
against the background of incomplete knowledge. The same generally holds true 
for decisions relating to the use of a particular chemical by commercial users. Ex-
tensive or even complete knowledge about possible (side) effects may thus not 
form the (sole) basis for substance development, substance evaluation, substance 
choice and substance use (application systems). The resource-related, organisa-
tional, communicative and theoretical limits in knowledge about a substance and 
its effects have become more than clear over the past 20 years In European evalua-
tion and regulation processes for existing substances. The most important weak-
nesses include the following: 

Effect-related hazard assessment of individual substances as the most important 
basis for action, although the extent of knowledge about substance effects is 
very limited. 
The state as main actor – substance assessment by the state as the basis for risk 
reducing activity, mainly by means of regulatory policies. The responsibility 
for dealing with limited knowledge was almost exclusively that of the state and 
was hardly that of the other market players153.
Loss of confidence vis-à-vis the chemicals industry and recurring new public 
scandals about substances and products (harmful substance of the month). 
Lack of risk communication along the supply chain (manufacturers-trade-
users), which would however be indispensable, for example, for implementing 
the Responsible Care scheme154 of the chemicals industry. 

                                                          
153 The conditions are different in the USA because of much more stringent liability laws. 
154 Cf. www.vci.de 
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A lack of planning certainty in the development and application of chemicals – 
there is no practically manageable evaluation and orientation system. 

The question is whether a guiding principle for a sustainable substance econ-
omy can make a contribution to alleviate some of these weaknesses. Ideas can be 
developed and illustrated using guiding principles around an ‘ideal solution’, an 
‘ideal substance’ and an ‘ideal application system’ within a framework. Con-
versely, such idealisations provide a basis for what should be avoided, e.g. under 
precautionary aspects. 

Guiding principles are thus able to provide orientation in everyday situations 
involving the pressure of decision-making on the basis of incomplete knowledge. 
Guiding principles are able to motivate innovations and provide a direction for 
them. They are able to coordinate and synchronise R&D activities, especially 
when basic innovations and a change in technological direction are made. And 
guiding principles are also important elements in corporate communication, both 
internally and beyond the corporate environment.  

Guiding principles are considered as central aspects 

in providing a direction for innovation processes (change in trajectory) and 
as political, corporate and public interest groups ‘control instruments’ (having 
an influence). 

There are three central issues here: 

What are guding principles? How can they be defined e.g. in relation to para-
digms, technological paths, plans etc.? What effects can guiding principles 
have? What are the prerequisites for the effectiveness of guiding principles? 
What elements of substance-related guiding principles were effective in the 
past? What would be an appropriate guiding principle for a sustainable sub-
stance economy? 
If an appropriate way of dealing with the lack of knowledge is one of the cen-
tral challenges facing modern societies, what contribution can guiding princi-
ples make for dealing suitably with the lack of knowledge about the effects of 
intervention within the context of reflexive modernization? 

Effect of guiding principles

Unlike other mechanisms for orientation, such as plans, objectives, paradigms, 
technological paths or “dominant designs“, ‘effective’ guiding principles have cer-
tain specific features: 

They are figurative and relate to desires and feasibilities. Values are clearly ex-
pressed in them. Guiding principles are able to co-exist with other guiding prin-
ciples.
They demonstrate a certain fuzziness, which leaves scope for flexible concre-
tion (subtypes of guiding principles) thus also favouring the integration of prac-
tical and specific content. Guiding principles themselves in most cases do not 
contain any operative goals, objectives and indicators. They can thus also not 
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be employed as a means of direct control, but rather play a role in controlling 
the context. 
Guiding principles have a future-orientated perspective and refer to a desired or 
undesired change. 
Guiding principles thus assume several functions because they: 
develop appeal, can provide orientation and contribute to the formation of iden-
tity,
have a co-ordinating and synchronising effect on the activities of various con-
tributors, 
contribute to thought processes and individual motivation, 
structure perceptions, 
are a means for articulation and implementation of generalised interests in 
communication and negotiation processes,  
are an instrument for reducing complexity, and 
are indispensable for mobilisation and support (they enhance legitimation). 

The effects of guiding principles appear to depend heavily on the extent to 
which they fit in with the perceptions, ideas and interests of the particular involved 
parties (resonance and connectivity). In addition, they must meet the contributors’ 
capacities for action. A vital requirement for effect is also the relation of the par-
ticular corporate form, the branch of industry or the type of market and the poten-
tial to contribute in the solving of relevant problems. This also includes formulat-
ing the guiding principle at the right time (crisis relation, product cycle). A top-
down introduction is also possible and is often necessary in some cases. 

Contents of substance-related guiding principles 

The guiding principle of a “recycling management system” has been developed to 
high degree in Germany. One explanation for this may be the overlap of a roman-
tically excessive idea of the natural cycle with the economic idea of the money cy-
cle. Although this guiding principle has rightly challenged the ‘linear flow econ-
omy’, it has favoured privatisation of waste management and caused hazardous 
substances to be carried over into “secondary products”. 

With regard to hazardous substance substitution, the guiding principle of the 
“intrinsic safety” of chemical substances, products or application systems was ex-
amined within the scope of the SubChem project. An essential approach for im-
plementation of the guiding principle of the ‘intrinsically safe substance’ or the in-
trinsically safe application system, especially with regard to the health and 
ecological consequences, would be the use of ‘chemicals of short ranges’ (chemi-
cals with low environmental persistence and transport distance) e.g. by: 

avoiding the environmentally open use of persistent and mobile chemicals; 
avoiding exposure to substances with delayed and at the same time irreversible, 
hazardous effects (e.g. carcinogenic, mutagenic, reprotoxic, allergenic); 
avoiding the open usage of mobile chemicals at the workplace (dusty or volatile 
substances); 
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avoiding mobile components in articles of daily use (bonding of textile auxil-
iary materials to fibres, bonding of additives in the plastics matrix). 

The guiding principle of “intrinsic safety” also contains the idea that the chemi-
cal structure of a substance already predefines its potential effects and that it can 
therefore be possible to determine presumably more “safe” and presumably more 
problematic to “hazardous” substance groups on the basis of their structure 
(QSAR). Further guiding principles, which were developed within the scope of the 
workshop, are outlined in brief in Table 2. 

Tabelle 2. Further substance-related guiding principles 

Guiding principle Content:
“Sustainable chemistry on 
the basis of renewable raw 
materials” 

essentially refers to the regenerative raw material basis of 
chemicals in relation to petrochemistry as is prevalent today. 

“Ecological efficiency” originates from the same construct as other areas of effi-
ciency of entrepreneurial actions (costs, administration): an 
advantage should be created with as low as possible quanti-
tative use of energy and raw materials. 

“Ecological consistency” refers to qualitative aspects of the metabolism between the 
technosphere and ecosphere. It is concerned with embedding 
the technical in the natural metabolism and the “matching 
up” of substance flows, substance qualities and conversion 
processes. 

“Sustainable chemistry” 
(“Green Chemistry”) 

appears to require formalisation regarding products and 
processes in order to be capable of producing a response. 
The guiding principles of the energy and substance economy 
must be linked. 

“Soft Chemistry”, “prox-
imity to nature” and “bion-
ics”

contain the idea that “chemical-technical solutions” from 
nature can provide a stimulus for industrial processes and 
products.

“Product stewardship” is a more management-related guiding principle, in which 
the substance manufacturer’s assumption of responsibility 
and the supply chain perspective are of vital importance. 

On the whole, the discussion of guiding principles has demonstrated that sub-
stance quality, application context and substance flow quantity are required basic 
elements in a substance-related guiding principle. Another required element is the 
ability for ‘systems learning’. An especially important element is the uncertainty 
of forecasts about substance effects, accepting possible development paths as pre-
determined and developing appropriate procedures for dealing with them. 

Dealing with knowledge limitations 

The manufacture and supply of synthetic substances surpass (as do some other in-
terventions of ‘modern technologies’) the needs and expectation horizons of soci-
ety. In the case of “reflexive” modernization (i.e. reflecting its own bases and pre-
requisites), one of the central problems is dealing with “not yet knowing” and 
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general “unknowabilities”. The preferred ‘alternative’ at present, i.e. waiting for 
(toxicological) certainties before taking a decision, tends to cause stasis and sys-
tems inertia. 

It is imperative to know: 

the extent of the lack of knowledge, 
the extent the possible consequences can assume and 
what options for action result from this. 

For the practical implementation of this task, it is necessary to evaluate the in-
tervention (in this case substance release) per se and in its own context (contextu-
alisation). It is necessary to develop process types to evaluate the two conditions; 
knowledge and lack of knowledge (proceduralisation). A time limit for validation 
must be set in each case (temporalisation). The questions, methods and processes 
must be examined regularly (reflexive method). 

The development of new substances, new products or new applications nor-
mally takes place in innovative systems. This means that the participants in the 
relevant supply chains can mostly be innovative only in interaction with each 
other or not, as the case may be. Market drivers, for the one part, affect the net-
works of participants and, for the other part, state initiatives, whereas interest 
groups in society also play an ever increasing role in both spheres of influence. 
This raises the question about what conditions prevail in such innovation systems 
which allow the development of sufficient learning capabilities in order to deal 
appropriately with the limits of knowledge and evaluation about substance effects. 

Some system properties, which should have a favourable effect on such aspects 
of the ability to be innovative, include: 

transparency and clarity of the guiding principle, 
active discussion of errors and routines for improvements, 
the use of minor anomalies (mutations) as a resource and a chance for devel-
opment; 
the responsibility of a particular interested party, 
the potential for formation by co-existence of a variety of solution options, 
procedures to implement product responsibility and chain management, and 
how liability law leads to internalisation of (i) evaluation costs and (ii) conse-
quences of evaluation errors. 

Conclusion

Previously, guiding principles have had a considerable influence on innovative 
processes and on public debates in the field of chemistry or substance economy. It 
can be assumed that this will also be the case in future, and that its influence will 
continue to increase rather than decline. 

If they are incorporated in, say, management systems of quality assurance and 
occupational safety and environmental protection on a corporate level, guiding 
principles assume an important function for orientation, especially in the case of 
persistent knowledge inadequacies about the effects of substances. 
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In addition to the instruments of regulation and economic control, guiding prin-
ciples are among the most interesting approaches from the group of ‘informa-
tional’ control instruments (3rd generation) and further examination under the 
theoretical aspects of innovation and control is needed and appears promising. 

6.5.2 Workshop “Quality and risk management – approaches for 
the integration of environmental and health aspects in 
corporate management” 

Question 

Within the scope of the new EU strategy to create a chemicals policy, the state 
transfers the responsibility for determining, evaluating, communicating and man-
aging the risks of chemical/toxic effects of chemicals to the industrial and com-
mercial market actors. This responsibility relates to the manufacturing of chemi-
cals, the processing of preparations and articles155, use in the form of preparations 
and produced articles (including disposal). The workshop examined two central 
questions. 

How can the industry bear this responsibility (qualification, competition condi-
tions, systematic barriers, corporate cultures)? 
How can the state support assumption of responsibility and implementation of 
this responsibility by creating suitable framework conditions? 

When the question is raised today as to how the European production industry 
faces global competition, the answer is quality competition and knowledge-based 
product differentiation. At the same time it is noted that classic areas of the 
chemicals industry, such as the production of textile dyes, is practically non-
existent in Europe today. This poses the questions of how do the economic actors  

organise the development of environmental and health-related product qualities 
(eco-design, integrated product policy), 
ensure safeguards against losses in confidence and image as well as liability 
claims (common in the US market), and 
apply risk reduction in a global context, in the risk management of ecotoxic ef-
fects in globally networked supply chains (like the textile chain)? 

Innovation is what is new and (permanently) successful on the market. Innova-
tion always has to overcome the inertia of existing routines (institutional struc-
tures, processes, adjustments). Innovations to improve resource efficiency and 
safety in chemical production have taken place in Europe and also globally in the 
course of the past 20 years, but have not (yet) completely replaced outdated pro-

                                                          
155 within chemicals legislation article means “an object composed of one or more sub-

stances or preparations which during production is given a specific shape, surface or de-
sign determining its end use function to a greater degree than its chemical composition 
does”
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duction techniques. The formulation of chemical products and chemicals-based ar-
ticles that is both efficient in resources and safe in application is less well devel-
oped by comparison and thus raises the following questions: 

How can (reliable) innovation be implemented? 
Compared with innovation processes in the automotive and IT sectors, is there 
a reason for the greater inertia in chemicals-related innovation? 

Excessive demands on the actors in the supply chain  

The general experience of public bodies and companies demonstrates that 70% of 
SMEs using chemicals are faced with excessive market demands with the current 
obligations imposed by the Dangerous Substances Order. The monitoring authori-
ties are also faced with excessive demands to enforce its execution. Several strate-
gies can be applied to solve the problem.

The demands are focussed in proportion to the risk in order to concentrate the 
available resources on the essential risks. 
Commercial enterprises and formulators selling chemical products increasingly 
offer consulting services to their customers. 
Independent service-providers are responsible for determining, documenting 
and evaluating the risks in an external capacity. 
The qualifications of SMEs using chemicals particularly in the field of risk-
related communication (both internal and external) is improved. 

Transparency and procedural rules 

The large number of industrial chemicals and their applications, the global nature 
of supply chains as well as the fundamentally limited knowledge about the direct 
and indirect effects of industrial chemicals on ecosystems and the human organ-
ism, all call for pragmatic restrictions for risk assessment and risk management. 
The risks of chemical products in each of their applications can neither be pre-
dicted exactly nor can they be reduced to zero in real-life situations. 

Different scientific methods result in different risk assessments for the same 
substance in the same application, and one result may not necessarily be more 
“correct” than another result. Also the level of risk may under normal circum-
stances be evaluated differently by the different  interest groups. In this case the 
relation to other risks, the sample of personal motivations and the particular con-
text, in which the individuals are located, all play a decisive role. 

This produces four important consequences for determining, evaluating and 
communicating risks: 

Determining pragmatic cut-off criteria, i.e. consciously accepting gaps in 
knowledge and uncertainty requires legitimacy. One of the essential sources for 
legitimacy in society is transparency, i.e. the systematic and comprehensible 
structuring of decision-making processes, bases for decisions and responsibility 
for decisions. In civilized society and in respect of dynamic global markets, the 
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major responsibility for decision-making and risk management is left to the ac-
tors in the market. 
The inability to forecast the possible responses of the public requires a system-
atic and timely observation of the possible effects and correspondingly timely 
correction, when required (reflexiveness, ability to manage subsequently in a 
flexible manner). 
The processes of risk assessment, risk evaluation, decision-making, observa-
tion, re-evaluation and corrective decision-making must be structured in a com-
prehensible and clear way in order to create legitimacy and confidence. This in-
cludes stages where interest groups are involved (proceduralisation 1). Risk 
information and communication alone are not sufficient. 
The rational characterisation of risks requires iterative evaluation processes in 
different stages on the basis of easily available information (preliminary proc-
esses, screening). The step-by-step consolidation of information about sub-
stance properties and exposure potential should be made depending on the risk 
involved in order to concentrate the required resources for information pro-
curement and evaluation where the essential risks are located (proceduralisation 
2). 

Procedural rules and the guarantee of transparency require institutional plat-
forms. Such platforms can be provided by the state (REACH system or internet 
consultation) or, for example, can be supplied product-related by the commercial 
actors in the various supply chains. For the market as a whole, this raises the ques-
tion as to who assumes the active leadership role within the supply chain. 

Customer wishes and management systems as forces to drive innovation 

The fundamental idea of the workshop was to consider the substitution of hazard-
ous and high exposure substance applications as a problem of innovation. 

Because of system inertia it is necessary for established routines to be broken 
and for the contributory parties to be galvanised into action. This raises the issues 
of what are the drivers for innovation today and under which conditions do these 
drivers become effective. 

First consideration: Customer wishes: These raise a series of further questions 
for which it is less easy to find answers.

How is product innovation determined in the 70% of the chemicals market that 
do not go directly to the end consumer? 
What methods can be used to determine “potential customers’ wishes” in a 
more or less certain way and how can product quality be translated into “cus-
tomers’ wishes” as part of a “secure application” regarding (eco)toxic risks? 
The fundamental motive of “safety” alone does not appear adequate to create 
the requisite demand for more environmental and healthy products. 
Similar questions are raised with regard to the question as to how a demand for 
products and services can be created to meet “customers’ wishes” in a sustain-
able (eco-effective) way. The quality competition for chemical-related product 
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safety alone does not yet resolve the problem of growth with regard to energy 
and substance flow rate. 

Second consideration: Management systems that promote the creative potential 
of employees and intensify communication with the individual customers in the 
supply chain. This initially means interlinking more closely the sales (customer 
consultants), product developers, production managers and purchasing within the 
organisation. While the introduction of TQM and product stewardship systems can 
produce such effects, the innovation effects to be expected as the result of intro-
ducing corporate environmental management systems (ISO or EMAS) are rather 
limited. Although the induced maturing processes in the corporate management 
system do create scope for impact for subsequent innovations when an EMAS sys-
tem is introduced, EMAS itself remains more restricted to ensuring production ob-
serving applicable legislation and can scarcely mobilise impulses by stakeholders 
or contribute to the development of strategic corporate objectives. The same 
should also hold true for the established health and safety systems at the work-
place.

Quality approach 

Customer orientation and initial “solution-free formulation” of customers’ wishes, 
as an orientation for product development, appear to be promising approaches for 
innovations with regard to the “application safety” of chemicals-based products. 
However, the initiative for this is not mainly due to substance manufacturers, but 
rather to the chemicals users being close to the consumers. To what extent the 
commercial/industrial chemicals end-users (users of production auxiliary materials 
that are not included in the product) also transform the “latent desire” for applica-
tion-safe products into effective demand behaviour, depends on other constella-
tions of motives than those of private end-consumers. The employers’ liability in-
surance, chambers of commerce and industry, branch associations, trade unions 
and management boards of large-scale companies play a key role in making “qual-
ity” and “competition” effective as drivers for innovation here too. 

The example of the textile chain demonstrates (i) how much the techni-
cal/aesthetic quality of products and chemicals-related product security are inter-
dependent and (ii) what requirements exist for a quality management system be-
yond the supply chain level. Only the major brands can take this initiative on a 
global scale. For cosmetic, medical devices and food products, as well as technical 
products with high safety requirements (such as aircraft), management systems 
beyond supply chain level have now become a matter of survival. The same holds 
true for products that are subject to special waste and design regulations in Europe 
(such as automotive vehicles and electronic equipment). 

Suitable framework conditions for innovation 

It is difficult to make generalisations. Distinctions are required depending on the 
market and constellation of actors in the supply chains, however some influential 
factors can be specified which increase the incidence of innovation: 
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Regulatory impulses on the demand side (enforcement initiatives) create a mar-
ket opportunity for innovative products and services. They are more concerned 
with clearly perceptible impulses (announcement effect or focal campaigns of 
monitoring authorities) than with enforcing regulations. 
Scandals concerning hazardous substances or product defects that have been 
made public in a broader context have learning effects, which go far beyond the 
company concerned. This means that journalistic interest in the subject of 
chemicals and comparative testing facilities are important drivers for innova-
tion.
Safeguarding against liability claims and linking insurance coverage to mini-
mum standards of risk documentation (production and product) drive risk-
reducing innovations in the area of consumer protection. The same would also 
be possible for employee protection if the Employer’s Liability Insurance As-
sociations were to act more like private insurers. Environmental protection 
against chemicals-related damage to the ecosystem or chemicals-related addi-
tional costs in the provision of drinking water or the disposal of sewage sludge 
could be incorporated in the specific product prices. 
If the actors in the particular supply chains (including customers, experts etc.) 
determine the direction of innovation in product panels or road map processes, 
this may have the effect of synchronising initiatives and bringing the propo-
nents together, creating ideal conditions for targeted innovation processes. In 
doing so, guiding principles that are capable of producing a response (i.e. create 
enthusiasm) may also play an important role. 
The state provides to industry a harmonised framework for determining, evalu-
ating and communicating risks in the European market (REACH). This also in-
cludes a form of standardisation for procedures, responsibilities and time 
frames in the chain, and options for state sanctions. This increases the market 
potential and innovation incentives for demonstrably application-safe chemical 
products. At the same time the basis is created for efficiency gains by employ-
ing universal IT solutions in the European market. However, the required 
framework also means that implementation is left to the industry and the mar-
ket in many areas in order to leave enough scope for diversified solutions that 
are specific to the different supply chains. Simply the announcement of the 
REACH system has improved vertical communication in the supply chains and 
supported the consolidation of substance and application knowledge. 



7 Recommendations for action 

The SubChem project aimed to improve comprehension of innovation processes in 
chemicals risk assessment and from these deductions to develop recommendations 
for action. The recommendations are not solely related to substance and technical 
innovations and their framework conditions, but also encompass organisational 
and institutional innovations within the scope of extended risk management. From 
experience gathered in the course of the SubChem project, the most important 
recommendations for the various actors in the innovation system can be grouped 
according to their distinctive roles.  

‘Commercial institutions’ include the many commercial and industrial actors in 
the supply chain that contribute to a system of innovation. The ‘state institutions’ 
are those to whom much more than just regulation exists as an option. And finally 
the consumers, the public, the media and the rest of society, who have taken 
power into their hands and have to learn to use it in a responsible manner. 

7.1 Commercial institutions 

By considering hazardous substance substitution to be part of a normal innovation 
process, an extensive management approach to deal with chemical substances can 
be established. 

Corporate management systems in the areas of environmental protection, em-
ployee protection and consumer protection should be integrated further to avoid 
a shift in risks and also to save costs. All areas require reliable and systematic 
data about substance properties and application-related exposure. Mechanisms 
are also required for effective dialogue along the supply chain as well as be-
tween companies and authorities. In addition, the comparative assessment of 
chemical products (for example, in purchasing or in product development) can 
only be done intelligently if all essential risk areas are included in the evalua-
tion.
The capacities for ambitious risk management are limited for private end-
consumers and also in small and medium sized enterprises. Suppliers of chemi-
cal products for these users should therefore inaugurate the development of “in-
trinsically safe products” as a guiding principle. These products would be re-
garded as innovative because of their technical efficiency and their low risk 
aspect in use. 
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It is also important to consider communication along the supply chains as a 
chance for more customer-orientated innovation. In particular, chemical traders 
and the formulators of preparations could expand their areas of business by 
adding information and consultative services (with improved customer reten-
tion). 
The acquisition of substance data and the introduction of harmonised instru-
ments for evaluation, communication, documentation and limitation of applica-
tion risks in the European market can only function at an extra-corporate level. 
In so doing, the following should be observed. if such solutions are in line with 
practice, their development cannot be left solely up to official bodies. If the 
costs are to be minimised, the companies have to develop standards jointly, 
which can however also entail the exchange of information that is relevant to a 
potential competitor. Thus, companies have to demonstrate courage, if efficient 
system solutions are to be developed at an extra-corporate level. 
The political requirement within Europe, that the industry should be responsible 
for the assessment of the 30,000 substances currently on the market and their 
applications is in line with the voluntary commitment of ‘responsible care’ by 
the chemicals industry. Implementation of this -commitment has so far failed 
because many users of chemical products have not complied with it. The 
REACH system proposed by the EU Commission would create a regulative 
framework for structuring responsibility and information flow along the supply 
chain, in a binding manner for the first time. The commercial institutions 
should respond to this state initiative. 
As the result of increased transparency, confidence can be re-established and 
the high outlay for communication within the current system can be reduced in 
the long term. This is especially important in areas where the identification and 
restriction of risks have to be stopped for pragmatic reasons or through inade-
quate knowledge. The aim is to reach a consensus about transparent rules of 
procedure. This should give more legitimacy to substance assessment and the 
decisions based on such assessments.

7.2 State institutions 

No regulatory system can function without efficient action by the authorities. To 
this end intelligent inspection strategies and advisory campaigns on the part of the 
national and regional enforcement authorities are required which ensure that the 
industry complies with legislation as far as is possible (i.e. observe the agreed 
rules). The legally established obligation for the users of commercial chemicals to 
select lower-risk alternatives plays an important role in certain cases. However, 
substitution pressure that is exclusively regulatory does not work, as small and 
medium sized enterprises rarely put into practice those approaches based upon 
general regulations, such as the substitution principle contained in the German Or-
dinance on Hazardous Substances. Equally, a universal, state monitoring of regu-
lations is unlikely to guarantee the enforcement of a general substitution principle. 
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This means that additional driving forces are needed, especially those that assign 
clear responsibilities to the actors at the individual stages of the supply chain. 

However, the opportunities for state institutions to encourage innovation and its 
climate are not exhausted in a both innovation-friendly and risk-minimising form 
of regulation (creating a safety barrier). In addition to the targeted use of R&D 
funds directed by guiding principles (Leitbilder), the ‘third-generation instru-
ments’156 require closer attention, such as ‘information’ for the various contribu-
tors and the ‘moderation’ of potentially competitive cooperations. State institu-
tions are also required to curb the numerous possibilities for cost externalisation 
(and not just with regard to the social and health systems) in areas where it is nec-
essary to compensate for market failures. 

A number of possible strategies for successful state influence can be envisaged. 

The announcement of new regulations or initiatives for enforcement. A market 
opportunity is created for innovative products and services when the users of 
hazardous substances expect new regulations or the monitoring authorities ini-
tiate new checks. The SubChem case studies demonstrated that a clearly per-
ceived initiative is frequently more effective than an attempt at the saturation 
monitoring of regulations. 
Efficiency gains can be boosted by integrating the various historically devel-
oped policies (chemicals, environment, employee protection, product safety). 
This is especially apparent in the area of chemicals safety with the first step be-
ing a change in the communication and cooperation style of the national au-
thorities.
The state institutions can also offer orientation (in so far as this is done on the 
basis of a far-reaching discourse within society). This includes the development 
of a national chemicals strategy, for example, or the publication and specialised 
validation of priority substance lists that require special attention when design-
ing products and processes. 
The focus of the new chemicals policy should be on the practical feasibility and 
the transparency of systems and also must effectively transfer responsibility to 
the industrial sector. On the other hand, it would not be expedient to implement 
an extensive safety system based on scientific information and the blanket im-
position of state control mechanisms. 
The ability and willingness of producing companies to co-operate is limited by 
the competitive situation. This is not only due to subjective interests but also 
concerns branch cultures and limited management resources. In a moderating 
and catalytic role, state institutions could initiate branch dialogue (branch 
agreements), new cooperations at the supply chain level as well as the devel-
opment of instruments for practical communication and assessment. This can 

                                                          
156 ‘Third generation’ instruments in environmental policy include ‘voluntary agreements’ 

as well as the ‘soft’ information instruments, such as ‘best practice’ examples or bench-
marking, etc. The term ‘third generation instruments’ was created in contrast to the 
‘command and control’ approach (first generation) and economic measures such as taxes 
and levies (second generation) cf. e.g. Long 1997. 
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reduce the need for state intervention and regulation (and the work that this in-
evitably involves). 
The Qualification of official bodies for consultation tasks, particularly with re-
gard to SMEs. 
New chemicals policy should take into account that the specific costs for the 
industry of converting their systems must be as close as possible to the risk po-
tential of their products. This is the only way for risk reduction to be cost effec-
tive. If the costs for the individual company are primarily derived from the 
quantity of substances handled and their market volume, then undesirable ef-
fects can occur. Substance manufacturers could reduce their portfolio in order 
to avoid costs that cannot be passed on, possibly reducing innovation in formu-
lations, especially. 
The establishment of mechanisms to internalise external costs (liability and in-
surance obligations). Insurance demands do exert an influence on risk man-
agement in companies. Liability claims protection and the linking of insurance 
coverage to minimum standards of risk management (for production and prod-
uct) are important driving forces for innovation in consumer protection. Similar 
principles could be applied to employee protection if employers’ liability insur-
ance were implemented more like private policies. Conversely, no internalisa-
tion mechanisms exist in the area of chemicals-related environmental costs that 
are caused by subliminal and long-term release of hazardous substances. Ex-
amples of this are the additional costs for the provision of drinking water, for 
disposal of sewage sludge or for the decontamination of buildings containing 
hazardous substances. 
The safe application of chemical products in the European or global market re-
quires harmonisation of instruments and procedures to assess, communicate 
and to document risk-related information. This harmonisation work cannot be 
driven by economic factors and is one of the essential responsibilities of the 
state institutions. 
The development and application of a standard for “good assessment prac-
tices”. The quality of risk evaluations and risk management information could 
become an element of competition in the global market. A verifiable and where 
feasible internationally recognised standard is required for this. 
State institutions can support pilot and reference enterprises by promoting in-
novation. Promotion of both vertical and horizontal communication (e.g. 
branch dialogue) and - especially for small and medium sized enterprises – the 
provision of basic intermediate input, e.g. free offers of information, branch 
benchmarks or initiate qualification programmes. 
Innovation is also driven by state-promoted R&D programmes. An emphatic 
reorientation of research support in accordance with guiding principles such as 
“intrinsic safety of products”, “chemicals of low spatial range” or “sustainable 
chemistry” may create an impetus for innovation efforts in the industry. 
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7.3 Consumers and society 

In recent decades, public interest groups have been instrumental in the removal of 
individual hazardous substances and for the implementation of the precautionary 
principle, in general. In doing so, the specific demand for low-pollutant products 
has so far only played a significant part in a few product groups (foodstuffs). In-
stead, the market has concentrated more upon protecting companies from the eco-
nomic risks of contaminant scandals. A number of activities can contribute to con-
sumers and public interest groups continuing to influence the discussion 
surrounding chemicals policy in a productive way. 

The inclusion of a sustainability perspective by all interest parties means that 
many previous views have had to be revised. An (eco)toxic zero risk or mini-
mal risk is not always appropriate against the background of limited resources, 
the desire for innovation and when an action needs to be planned. The formula-
tion of implementable and measurable objectives for action is a more realisable 
target.
To be able to formulate objectives for this type of action requires the develop-
ment of a guiding principle (Leitbild) or an agreement about an already prede-
fined guiding principle. The “chemistry of short ranges157”, “intrinsically safe 
products”, “green chemistry” or a “non-toxic environment” are representative 
guiding principles. 
The current discussion surrounding a new European chemicals policy may re-
sult in a change of paradigm, both with regard to the level of protection and 
also to the means of regulation. In view of the lobbying power of the commer-
cial institutions, the need for additional institutional capacity is evident to en-
sure that the public interest groups are able to contribute to the discussion ade-
quately and participate constructively. 
One of the central requirements of a civilised society is transparency. The in-
dustrial and state authorities which create appropriate information structures do 
require feedback. The systematic utilisation and evaluation of offers of infor-
mation is an important driver for improving the quality of information and also 
for developing efficient mechanisms for information access. If the public does 
not create any concrete demand for high-quality information then not a great 
deal will be achieved on the supply side. 
A market can only develop when the increased safety of chemical products is 
recompensed by an actual willingness to pay. Private and professional chemical 
users only become concerned with the health and environment-related qualities 
of a product (quality awareness) when they are informed effectively. Special-
ised journals and television news play an important role in this area. 

                                                          
157 chemicals with low environmental persistence and transport distance 



8 Prospects and prospective questions 

The SubChem project has produced numerous interesting scientific perspectives 
which require further examination. In the area of framework conditions, questions 
arise relating to the quality of markets or the type of competition as the main driv-
ing forces of innovation. An increased comprehension of the markets where com-
panies (or supply chains) operate also reveals a novel appreciation of their scope 
and restrictions for action as well as their vulnerability towards other ‘external’ in-
fluences. For example, ‘market research’ explicitly devoted to the types of compe-
tition would be beneficial and provide comparative observations for a more pre-
cise classification than we have been able to discern with our resources. 

The recognition of the considerable influence of public pressure is particularly 
intriguing, where public scandals motivated both commercial enterprises and state 
institutions to take action in some instances. This raises the question as to what ex-
tent the power of public interest groups and the media can be influenced in a 
‘positive’ way in order to promote the public discussion of guiding principles that 
could orientate the development and design of new substances and technologies. 

In respect of innovation systems, the further differentiation of ‘system inertia’ 
as the main barrier to innovation is interesting. In particular, the interrelation be-
tween the complexity of innovation systems and their inertia, as well as the rela-
tion of the extent of innovative action (i.e. level of innovation) to system inertia, 
should be examined more closely. An important prerequisite for analysis is the 
formulation of a set of criteria and ‘measures’ for assessing the absolute level of 
innovation. 

New opportunities for approaches aimed at the practical reduction of risks 
emanating from hazardous substances (beyond the scope of REACH) are two 
promising areas for further research and development. Specifically, 

1. the prerequisites and the coverage of approaches for the development of sub-
stances and technologies based on guiding principles have to be clarified, and 

2. the quality management at the supply chain level has to be further refined to in-
corporate, from the beginning, the concerns of environmental protection, con-
sumer protection and occupational health and safety. 
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Glossary

Actors in an innovation system means manufactures, importers and users of 
chemicals (actors in the supply chain, economic actors) as well as authorities, 
science, public interest groups and other participants outside the supply chain. 
Innovation is something new that is not only invented, but is also successful by 
actually catching on in society or on the market. It can be something fundamen-
tally new that has never existed or it can be a refinement of an existing innova-
tion. Old technologies can also become novelties in a different context. Innova-
tions are also differentiated depending on the level of innovation. The 
improvement of an existing innovation along an established path of develop-
ment is thus referred to as an incremental innovation. By contrast, a change of 
direction or path may produce a leap in the level of innovation. An innovation 
that entails a whole cascade of further innovations, e.g. the development of mi-
crocomputers, is referred to as a fundamental or basic innovation. 
Innovation types can be differentiated as to whether the successful new inno-
vation is of a technical or organisational nature or signifies a change of system. 
Direction of Innovation. Within the context of SubChem the question is also 
relevant as to whether the innovation (hazardous substance substitution, haz-
ardous substance prevention, exposure prevention) has really reduced the risks 
entailed by the hazardous substance or has possibly only caused those risks to 
shift. With regard to the practicability of risk management, the question can 
also be raised as to whether a specific organisational and/or institutional inno-
vation creates increased (also practicable) personal responsibility of the com-
mercial enterprises or whether and to what extent it is linked to a greater need 
for state control. 
Hazardous substances are chemical substances with properties that may have 
certain harmful effects on humans and on the environment upon contact or ex-
posure. The risk arises from the degree of hazard presented by the substance 
(including any of its metabolites) as well as the nature and intensity of contact 
(duration, dosage, absorption route, frequency). 
Substitution of a hazardous substance or product signifies its replacement by 
less hazardous substance, product or process. In this context the scope ranges 
from simple substitution (i.e. exchanging substances) to risk management as a 
whole (i.e. prevention of hazardous substances, reduction or prevention of ex-
posure, etc.). 
Risk management: The substitution of a hazardous substance contained in a 
product or a process by a less hazardous substance may be an appropriate way 
of reducing risks. Modified technical systems or methods can, however, also be 
considered as additional or complementary in action. Management systems for 
developing less hazardous substances and for the secure use of hazardous sub-
stances (closed systems, certification of users) are also part of this process. We 
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refer to the full package of possible or practiced measures as risk management. 
This can represent a component in the overall quality management process of a 
company or a supply chain. 
Framework conditions, impulses and influential factors affect the value 
networks externally (state, public). These include both legal and market struc-
tures and impulses. 
Structuring or design options describe how and with what means participants 
in the value network act or could act (i.e. actively or reactively) to influence the 
innovative process. 
As a guiding principle (Leitbild), we refer to the joint vision shared by a more 
or less extensive group of interested parties in the public, in research and de-
velopment, in state institutions or in the market, about the course of joint ac-
tion. (For example, the guiding principle of a closed-loop economy was re-
cently shown to be particularly effective example). 
Emergence is the unplanned and unpredictable occurrence of new system 
qualities and/or system entities. Examples are the increased significance of a 
critical audience, including public interest groups, or the emergence of new 
market constellations or stock exchange performance. 
Quality is whatever the customer considers this to be, whether explicit or not. 
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